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Knowledge of Etna's eruptions has beenprofoundly influenced by the illustrations, though these can only provide
limited information on the lava flows and their effects on the territory. Indeed, the absence of iconographic
sources or again the disparity between the physical reality and the illustrations has led to many gaps and uncer-
tainties that have lasted for centuries. This paper traces the progress of the representations of the historical erup-
tions of Etna volcano, from the earliest attempts in the 17th century, be they iconographic documents or pictorial
illustrations, to themodern geological cartography of 21st century. It seeks to reconstruct the evolution of thehis-
tory and methods of representing Etnean eruptions, highlighting the crucial steps in the progress of knowledge
on the historical flank eruptions. The turning point in the long process of drawing and rendering the eruptions of
Etna came with the work of Sartorius von Waltershausen, with the realization of the first geological map of the
volcano at a 1:50,000 scale between 1836 and 1843. In this long history of the representations of eruptions,
begun in the 17th century, Sartorius' cartography finally overcame the problem of rendering these events in
space by inserting the notion of history in the map. What now remained for those engaged in mapping the vol-
cano was to solve the issue of defining the “time” of Etna's historical lava flows. This would be tackled only at the
end of the 20th century with amultidisciplinary approach comprising stratigraphy, historiographical studies and
the dating of the lavas. In this frame, the present state of the knowledge of the flank eruptions occurring on Etna
in the past 2500 year has evidenced that during the Greek-Roman and Medieval epochs up to the 17th century
flank eruptions commonly involved the middle-lower slopes, impacting mainly the south sector of the volcano
with the location of the eruptive fissure sometimes below 1000 m of altitude. This eruptive behavior of the vol-
cano has been radically modified following the occurrence of the large 1669 eruptions since the opening of the
fissures was mainly concentrated in the upper-middle slopes between 1600 m and 2500 m a.s.l.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

The main Italian volcanoes, Etna in Sicily and Vesuvius and
Phlegraean Fields in Campania, are characterized by more than two
millennia of interactions between their eruptive activity and the devel-
opment of the civilization of the regions (Guidoboni et al., 2014; Valerio,
1997; Ricciardi, 2009). The centuries-old history of drawing and illus-
trating the eruptive events of these two volcanoes therefore represents
a unique case study in the world. In fact, from the middle of the 15th
century, there was in Europe a growing interest in geography, in the
wonders of nature, in their meaning and representation, both carto-
graphic and figurative. Among the natural curiosities that most
attracted the imagination, the Italian volcanoes and their eruptive
., Current knowledge of Etna'
ol. Geotherm. Res. (2017), ht
activities certainly figured highly. Hence the appearance of the earliest
approximate representations of the Etna and Vesuvius in the 16th cen-
tury. These are evocative images of a symbolic kind, depicting Etna as a
mountain disgorging fire, as if seeking to indicate, albeit erroneously, its
perpetual activity (Abate and Branca, 2015).

An essential reference point for this period are the atlases. Given the
numerous printed copies in circulation, these considerably influenced
the mind-set with which the images of Etna and Vesuvius were to
evolve and become widespread. In particular, Sebastian Münster
(1544), the author of the most important and renowned description
of the world, produced the Cosmographia during the Renaissance. This
included a text onMount Etnawith a lengthy account of themajor erup-
tions of the volcano based on information gleaned from ancient andme-
dieval works. Münster's text describes the eruption of 1537, occurring
almost as the main work was being prepared, by drawing on informa-
tion gathered from direct sources. Nonetheless, the detailed description
s flank eruptions (Italy) occurring over the past 2500 years. From the
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of the 1537 eruption is not matched by an equally realistic image. The
small square woodcut illustrating the text with its cursory descriptive
content, still alludes to a symbolic idea of Etna looming over the city
of Catania and erupting fire from its summit (Fig. 1a). There is no refer-
ence to the 1537 event as described in the text and it even lacks a rep-
resentation of the lava flow that affected the mid-southern slope and
caused substantial damage to the town of Nicolosi (Abate and Branca,
2015). It is interesting to compare this with another woodcut depicting
the last volcanic eruption of the Phlegraean Fields that led to the forma-
tion of Monte Nuovo in 1538. In this case, the anonymous illustrator
notes in the graphics the places struck by the eruption (Fig. 1b). Observ-
ing the engraving (in Toledo and Pino, 1539), from the left we can see
well delineated the harbour ofMiseno, the Castle of Baia, a beached ves-
sel and the agitated sea. On the right, Pozzuoli, the Monte Barbaro and
the Solfatara. In the foreground is Monte Nuovo in eruption, ejecting
flames and vapors up into the air and hurling pyroclastic rocks. There-
fore, unlike the representation of Etna's eruption, in the sketch of
Monte Nuovo the landscape is not merely a background but is an active
protagonist that is being modified by the effect of the volcanic events.
This shows a great interest in the effects of the eruption on the
landscape.

Starting from the 17th century, the knowledge of Etna's historical
eruptions has been profoundly influenced by the illustrations that pro-
vided important information on the development of the lava flows
and their location and effects on the territory. Indeed, the absence of
iconographic sources as well as the disparity between the physical real-
ity and the illustrations, has led to many gaps and uncertainties that
have lasted for centuries. It was with the advent of modern topography
towards the end of the 19th century, together with the involvement of
some ‘enlightened’ personages, that a more detailed description of
Etna's eruptions became possible. This enabled documenting the type
of eruptive activity, the extent of the lava flows, as well as identifying
the eruptive fissure or vent.

In this paper, the progress of the representations of the historical
eruptions of Etna is reconstructed, from the earliest attempts in the
17th century, to themodern geological cartography through amultidis-
ciplinary approach. In particular, the multidisciplinary approach that
comprises the fields of the history of representation and volcanology,
allow reconstructing the evolution of the methods of representing
Etnean eruptions, highlighting the crucial steps in the progress of
knowledge on the historical eruptive activity of Etna. An updated
Fig. 1. a) Copperplate engraving depicting the Etna eruption in 1537 taken from Munster (15
Toledo-Pino (1539).
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framework of theflank eruptions occurring since theGreek colonization
of Sicily, based on the most recent geological data, historiographical
studies and the dating of the lava flows, is presented.

2. The oldest graphic representations of Etna'sflank eruptions in the
17th century

During the first half of the 17th century two Jesuits, one Italian and
the other French, made the first drawn maps of a flank eruption of
Etna (Guidoboni and Ciuccarelli, 2008), for the first time tracing the lo-
cation and the shape of a lava flow on the territory in 1634 and 1635. In
particular, the 19 December 1634 flank eruption began with the open-
ing of an eruptive fissure between 2090 and 1975 m altitude on the
southern slope of the Valle del Bove (Fig. 2a), producing a vast compos-
ite lava field in almost two years of effusive activity until December
1636 (Branca et al., 2011a, 2011b). The first map of this important
flank eruption was probably made in January 1635 (Guidoboni et al.,
2014), thus representing the progression of the lava field after about a
month of eruption (Fig. 2b). The schematic drawing is accompanied
by a series of notes in Latin that briefly describe the effects and the
source of the event. The drawing shows only the portion of land affected
by the phenomenon on a kind of ochre colored panel on which the lava
flows standout in red, like a stage curtain giving immediate prominence
to the flows. The overall lack of spatial homogeneity is reflected in the
layout of the streets that seem to be floating in the space; their function
here seems to be decorative and symbolic (Guidoboni and Ciuccarelli,
2008). Only Catania, the villages directly affected by the eruptive phe-
nomenon, Pedara and Trecastagni and the part of the territory of Aci in-
volved in the event, are indicated for orientation points. The anonymous
author of this map illustrated the progress of the lava flow during the
initial phase of the eruption when the lava field was still a simple struc-
ture andmade up of a number of streams branching both south towards
the Pedara and Trecastagni villages and eastwards to the territory of
Fleri. It thus highlights the high effusion rate characterizing the early
phase of the eruption. Furthermore, the author drew the eruptive fis-
sure at the southern edge of the Valle del Bove and the summit crater
of Etna in activity.

The second map was attached to a letter from the Jesuit Father
Antoine Leal, sent from Malta on March 18, 1636 (Guidoboni et al.,
2014). In the letter, Father Leal entrusts the description of the eruption
in progress during one of his excursions onMount Etna on December 8,
44). b) Copperplate engraving depicting the Monte Nuovo eruption in 1538 taken from
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Fig. 2. a)Map of the lava field of the 1634–36 eruption that is partially covered by the lava
flows of the following eruptions. The 1634–36 lavafield is divided into twomain branches,
south and east, due to the presence of the cone of Mt. Salto del Cane. b) Drawing of Etna
eruption begun on December 19, 1634 taken from Breve relazione del nuovo incendio di
Mongibello in Sicilia, anonymous manuscript (Biblioteca Nazionale Centrale di Roma,
Fondo Gesuitico, 763); c) Drawing by Antoine Leal of Etna eruption begun on December
19, 1634 (Paris, Bibliothèque Nationale de France, Manuscrits Dupuy 488, fol. 173).
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1635 to the drawing. The map is drawn in sepia ink and captures the
movement of the lava flows almost a year from the onset of the eruption
(Fig. 2c). It gives a precise indication of the localities invaded by lava,
providing reliable and previously unpublished information, compared
even to coeval written sources. Unlike the previous one, not only is
Please cite this article as: Branca, S., Abate, T., Current knowledge of Etna'
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the eruptive scenario depicted in this drawing but also a perspective
view by highlighting the reliefs of the entire eastern slope of Etna. The
illustration includes the main towns affected by the phenomenon, the
names of the scoria cones and those of the villageswith their chief archi-
tectural features. In addition, the many religious rites performed to im-
plore the end of the eruption are portrayed in the center of the image
with the drawing of a crucifix, an altar and a group of people at prayer.
By drawing themwell out of scale, the Jesuit Father undoubtedlywished
to highlight the presence of these figures.

The author was faithful to the development of the lava flow in this
drawing. He managed to indicate how, after one year of activity, the
lava field, whose structure had become a composite type (Walker,
1971), had practically reached its final form: a single branch of lava
that divided into two distinct new branches at the cone of Mt. Salto
del Cane. Clearly shown is the most advanced lava front of the branch
heading south that, a year after the eruption onset, had reached itsmax-
imum length on arriving at the cone of Mt. Difeso. The two lava fronts
into which the eastern branch split fall outside the limited area of the
paper. The author highlights the small lava flows developing towards
the south above the cones ofMt. Gorna andMt. Ilice. A religious function
is highlighted close by to theseflows reflecting that, at the timeof Father
Leal's observation, they were rapidly advancing and therefore posed a
threat to the villages. Finally, the position of the eruptive fissure on
the southern slope of the Valle del Bove and the ash emission from
this as well as from the summit crater, are clearly indicated.
Guidoboni et al. (2014) have also attributed the copper engraving pub-
lished by Athanasius Kircher (1665) as the iconographic source of this
flank eruption. In truth, the author of this iconography did not draw
the lava flow of 1634–36 but symbolically represents Etna in 1637, a
time when the flank eruption had ceased, and the volcano was charac-
terized only by ash emission from the summit crater. He sought instead
to assert his theory of the central fire, according to which thewater and
fire at the center of the earth are discharged on the outside by rivers and
volcanoes. It is therefore a schematic drawing in which Kircher outlines
the internal structure of Etna and its summit activity indicated by the
launching of large volcanic bombs. Kircher made a similar schematic
representation of a volcano and its internal structure for Vesuvius in
1638. On comparing the two engravings of Etna and Vesuvius, their
lack of specific features is evident (Fig. 3a,b).

Recently Abate and Branca (2015) have discovered two paintings
conserved in two churches of Bronte town that depict another long-last-
ing flank eruption. This eruption began in January 1651, with the open-
ing of an eruptive fissure, at 1800–1870 m a.s.l., in the west flank and
lasted until December 1654, generating a large composite lava field
that destroyed part of the town of Bronte. In both paintings, the erup-
tion appears in the background of an iconography particularly dear to
the Mendicant Orders at the turn of the 16th century, known as “Our
Lady of the Angels”. The paintings have three different kinds of register,
an upper one of two or more angels crowning the Virgin, the one below
with the Saints, while the central part shows a glimpse of the landscape.
The painters inserted Etna while erupting in the background of their
landscapes, setting the eruptive apparatus realistically in themid-west-
ern flank, enough to give the impression it was the work of eyewit-
nesses to the eruption (Fig. 4a,b). It is fair assumption that these
devotional images were commissioned to commemorate the miracle
described by Father Andrea of Paternò (De Luca, 1883). In particular,
in the large painting of the high altar in the Church of the Capuchins,
the focal point is Etna emitting eruptive column with the advancing
lava flow threatening the town and then being diverted right at the Ca-
puchin monastery (Fig. 4a).

Both artists of these paintings created faithful representations of the
morphology of Etna's western flank, including details such as the sud-
den change of slope in the summit area corresponding to one of the
main morphological structures of the volcano: the caldera rim of the
Ellittico volcano at Punta Lucia at an altitude of roughly 2900 m
(Coltelli et al., 2000; Azzaro et al., 2012). The summit crater is shown
s flank eruptions (Italy) occurring over the past 2500 years. From the
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Fig. 3. Copperplate engravings depicting Etna in 1637 (a) and Vesuvius in 1638 (b)made by Kircher (1665) showing the same symbolic and generic representation of the two volcanoes.
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in eruption to accentuate the phenomenon though it was not active
during this event. Finally, the position of the eruptive fissure is clearly
indicated, highlighted by a weak emission of ash together with some
of the largest scoria cones on this side, demonstrating an acute visual
perception in representing detail.

The dramatic event of 1669 proved a turning point for producing il-
lustrations and drawings of Etna and its eruptions. This was the most
important flank eruption in historical time and altered the subsequent
behavior of the volcano and eruptive style in the long term (Tanguy,
Fig. 4. a) Detail of oil painting depicting the Madonna of the Angels with the Etna eruption of
explosive activity also from the upper eastern side. This is probably the simultaneous openin
locality. Nonetheless, given the poor condition of the painting, it cannot be ruled out that this
(Abate and Branca, 2015). b)Detail of oil painting depicting theMadonna of theAngelswith the
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1981; Branca and Del Carlo, 2005; Behncke et al., 2005). But the erup-
tion of 1669, called the year of the great “ruin” by contemporaries, is
also a significant historical episode and was the volcanic event that
most influenced the urban history of the southern flank of Etna
(Guidoboni et al., 2014; Branca et al., 2015b). The eruption began in
the evening of March 11 with the formation of a series of eruptive fis-
sures from an altitude of about 950 m down to about 700 m. The main
eruptive vent opened just east of the M. Salazara cone between 775
and 850 m, where intense explosive activity built up a large scoria
1651–54 in the background (Bronte, Capuchin church). Looking closely, one may glimpse
g of eruptive vents in that sector, generating a lava flow that reached the Fondo Macchia
may be part of the cloud above the head of St. Felix of Cantalice as it moved towards Etna
Etna eruption of 1651–54, by Giuseppe Tommasi da Tortorici (Bronte, Annunziata church).
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cone. Contemporaries called it “the mountain of ruin” but it was later
renamed Mount Rossi to erase the historical memory of such a disas-
trous event. During the roughly four-month long eruption, a vast com-
posite lava field formed, with an overall area of about 40 km2 and a
maximum length of 17 km, that destroyed several villages and towns,
reached the city of Catania and altered the coastline (Guidoboni et al.,
2014; Branca et al., 2013, 2015a, 2015b). This highly destructive erup-
tion has been represented in numerous contemporaneous iconogra-
phies that were heavily influenced by the southward bird's eye view
of Catania and Etna deriving from the image by Antonio Stizzia of
1592 (Abate and Branca, 2015) published in Braun and Hogenberg
(1597). Among the 1669 iconographies, for example, the representation
of Tedeschi Paternò (1669) evidently used the Antonio Stizziamodel. In
this iconographic model, the southward elevated viewpoint expands
the visual field, and particularly in the etching depicting the 1669
Fig. 5. a) Copperplate engraving of a bird's eye viewof Catania during the 1669 eruption taken fro
b) Copperplate engraving depicting a bird's eye view of Catania during the 1669 eruption by Alf
volcano during the pre-eruptive dynamic phenomena related to magma intrusion.
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eruption, allows taking in the development of the lava flow down to
the sea (Fig. 5a). This type of image is thus freed of the symbolic dimen-
sion; it manages to convey a new realism with its faithful rendering of
the parts of Catania invaded by the lava. In fact, the author indicates in
detail the places where lava flows surmounted the medieval walls and
penetrated the city. Furthermore, the perspective view of the drawing
clearly shows how thewallsmanaged to contain the lava flow, diverting
it towards the sea and effectively saving Catania from total destruction
(Pagnano, 1992). In the same way, during the 17th century the large
1631 eruption of Vesuvius produced a major change in the representa-
tion of the city of Naples, which since that moment became interwoven
with that of Vesuvius: the classic image of Naples with Vesuvius in the
background (Ricciardi, 2009). The image realized by Borelli (1670)
shows unusual graphic expertise and differs from all the other iconogra-
phies of the eruption of 1669 for a series of indications and the
mTedeschi Paternò (1669), evidencing the effects of the impact of the lavaflow in the city.
onso Borelli (1670), also indicating the ground deformation affecting the upper part of the
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pinpointing of related phenomena that mainly affected the summit of
Etna (Fig. 5b). In particular, the author clearly indicates the alignment
of dry fractures that formed a little before the onset of the eruption
from Mt. Frumento Supino at 2800 m a.s.l. towards the south until the
San Leo at 1000m a.s.l. plain together with an alignment of troughs, de-
veloping at the south-eastern base of the summit cone towards the
north until the Valle del Leone. The author also shows that the summit
cone of Mount Etna did not undergo significant morphological changes
following the collapses reported in the sources that affected some por-
tions of the summit crater, both before and near the end of the eruption
(Guidoboni et al., 2014). This evidenced that a summit caldera collapse
did not occur at the end of the eruption as described by Nicotra and
Viccaro (2012) on the basis of the historical sources reported in
Sartorius vonWaltershausen (1880). On the contrary, in the description
of the 1669 eruption realized by Arnold von Lasaulx, there are no con-
temporaneous sources describing the occurrence of a summit collapse
(Sartorius von Waltershausen, 1880 p. 245–257). Witness to the fact
that no caldera was formed were the observers who climbed to the
top of the volcano after the eruption in August 1669. They reported to
Borelli that the morphology of the summit cone was virtually un-
changed (Borelli, 1670, Guidoboni et al., 2014, p. 597), while a summit
collapse would have removed the summit cone entirely, creating a
huge depression.

There are numerous other iconographic sources of this eruption,
again confirming the deep impression it made on the collective imagi-
nation. However, on closer inspection it seems that these representa-
tions tend to replicate the same image often without adding further
details (Abate and Branca, 2015).

The illustrations of the 1669 eruption so far examined provide some-
thing of a snapshot of what happened at the time with the exception of
the etching realized by Bottoni (1692) at the end of 17th century. This
iconography includes different flank eruptions occurring at different
times in 1634–36, 1669 and 1689, thus the first instance of the concept
of timebeing rendered in themap (Fig. 6). The author not only recreates
the present but also the past, providing a synoptic view of the lava flows
over time. This was the first occasion that a viewwas related not only to
Fig. 6. Engraving of a bird's eye view of Acireale by Bottoni (1692), showing
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the existing phenomena but also to what had gone beforehand. Time is
now one of the parameters of themap that no longer represents merely
the moment of its making but also a much more remote past. Bottoni
draws Etna in a single ‘as the crow flies’ line, seen here from the east
rather than the south as the observer is placed in the town of Acireale
in order to have a broader view of the entire eastern side of the volcano.
This highlights, again for the first time, the great depression of the Valle
del Bove that constitutes the main morphological feature of Etna.

3. From the planimetricmaps of the 18th century to the first geolog-
ical maps of Etna in the 19th century

Etna volcano was characterized by a long period of low eruptive ac-
tivity during the 18th century, especially during the first half (Branca
and Del Carlo, 2005), which decidedly conditioned the representation
and the study of the eruptions. The first topographic maps of Sicily
were made during the first half of this century (Abate and Branca,
2015) and the Etnean orography was treated in the map made by
Canon Giuseppe Recupero between 1766 and 1778 that was published
posthumously (Recupero, 1815). Recupero's map, though still very
much a rough and inaccurate representation of the morphology of the
Etna area, reveals a profound change in the manner of representing
the volcano (Fig. 7). From a volcanological point of view, Recupero
inserted in this map only the area of origin of some flank eruptions,
the dates of the events from the second half of the 18th century
(1755, 1763, 1764 and 1766), the renowned eruption in 1669, as well
as those of 1682 and the erroneous date of 1420, though he did not
trace the paths of their respective lava flows. Subsequently, the abbot
Francesco Ferrara published an updated topographical map of Etna
(Ferrara, 1793) derived from those by Recupero. In fact, the map
shows the dates of eruptions already recorded by Recuperowith the ad-
dition of other sites of the historical eruptions of 1636, 1682, 1689 and
1702, as well as an updating of the events observed by the author of
1780, 1781, 1787 and 1792. Therefore, Giuseppe Recupero represents
not only what there is but also what came before in a topographic
map, indicating a number of eruptions in different historical periods.
the eastern flank of Etna and the lava flows of 1634–36, 1669 and 1689.

s flank eruptions (Italy) occurring over the past 2500 years. From the
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Fig. 7. Detail of the Oryctographic Map of Etna, copperplate taken from Recupero (1815), highlighting the dates of the historical eruptions reported by the author.
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Fromhere on, timewould become a key parameter in themap; it would
no longer be about themoment of itsmaking but even refer to a very re-
mote past. However, Giuseppe Recupero's map, and likewise the later
updating by the abbot Francesco Ferrara, still have a major drawback:
the eruptive vents and the associated lava fields are missing.

Between the late 18th and early 19th centuries, there was a marked
increase in volcanological studies on Etna, largely because foreign scien-
tists and researchers were now including Etna and the otherMediterra-
nean active volcanoes on the route of their scientific journeys
(Ashworth, 2004). From a cartographic history viewpoint at the begin-
ning of the 19th century, Mario Gemmellaro introduced an innovation
that would greatly influence all subsequent representations (Rizzo,
2006). The author realized in 1810 a perspective view of the southern
flank, the first attempt at a chronological classification of lava flows
erupted between the 14th and 18th centuries on the south-eastern
flank (Gemmellaro, 1810). A few years later, Giuseppe Gemmellaro
published in 1828 a planimetric map of Etna with the same technique
of representation as those by Recupero and Ferrara but introducing
great progress concerning the study of the historical eruptions (Fig. 8).
In fact, this map provides a synopsis of the historical eruptions of the
volcano, each of which is indicated with an ideogram for the eruptive
vents and the path of the lava flows but not their size. In effect, the au-
thor did not set out to draft a precise mapping of the paths of the past
flows but intended, by indicating their location schematically, to raise
the issue of the need for their cartographic representation
(Gemmellaro, 1828). Therefore, in the first two decades of the 19th cen-
tury, both Gemmellaro brothers sought to correlate their knowledge of
the sources with their understanding of the territory, thereby making
Please cite this article as: Branca, S., Abate, T., Current knowledge of Etna'
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the first interpretative choice on the history of Etna's eruptions. Ten
years later, the French geologist Elie De Beaumont noted the lack of a
true representation of Etna's mountain relief. After three weeks of
field work, he made the first topographic and schematic geological
map on a 1:111,111 scale, indicating all the major scoria cones and
using different shades of color to show the distribution of rocks differing
in age and nature (Dufrenoy and De Beaumont, 1838). Élie de
Beaumont's topographic map was a major step forward in representing
the orography of the volcano compared to previous maps by Giuseppe
Recupero and other authors who have replicated the work without im-
proving it (Fig. 9). Conversely, as for indicating the historical lava flows,
the authormakes no distinction on themap except for theflows of 1669
and 1832, whose extent is drawn with approximation as well as for the
lava flows attributed to 1603 and 396BC. The topographicmap had now
become a support to develop practical reflection for a better compre-
hension of the historical eruptions. Locating these eruptions became in-
dispensable to understand the eruptive history of the volcano.

The path to a modern geological mapping of Etna, as we understand
it today, follows a sequence of transformations and changes in the
methods of representing historical eruptions. The work of surveying
the Etna territory was to take on a broad fact-finding approach from
the 19th century industrial revolution. Drawing too would achieve
greater objectivity in creating scientifically grounded images. There
were, however, problems to overcome. The representation of orography
still proved inadequate to render the real structure of the territory and
there was a lack of systematic mapping of historical eruptions. These
difficulties were to be fully surmounted by the pioneering topographic
and geological map of the German scientist Wolfgang Sartorius von
s flank eruptions (Italy) occurring over the past 2500 years. From the
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Fig. 8. Detail of the map, chromolithograph, of the historical eruptions published by Gemmellaro (1828) and characterized by an unrealistic representation of the lava flows.
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Waltershausen, whose work was oriented by the geologist Friedrich
Hoffmann who realized the first geological map of Sicily at 1:500.000
scale (Dechen, 1839).

During his sojourn from 1836 to 1869, Sartorius worked assiduously
on studying the geology of Etna and on preparing the topographic map
of the volcano in collaboration with a team of architects, draftsmen and
experts in copper engraving (Alberghina, 2002; Cristofolini, 2010).

Sartorius' workwas published in two parts: the Atlas des Aetna, com-
prising nine booklets issued between 1844 and 1861 and Der Aetna,
published in two volumes posthumously in 1880 by the Germanminer-
alogist and petrographer Arnold von Lasaulx. In all, the nine booklets of
the Atlas contain 13 topographicmaps and 13 geological maps at a scale
of 1:50,000, numerous perspective views, geological and topographical
profiles and a brief accompanying text. The topographic map is the first
faithful and detailed representation of the orography of Etna and all its
volcanic and volcano-tectonic morphologies, both at large and small
scales (Fig. 10). Furthermore, Sartorious made the first detailed topo-
graphic map of the Valle del Bove area at 1:15.000 scale that was com-
pleted and included by Lasaulx in the second volume of Der Aetna. To
draft the geological map, Sartorius aimed primarily at ease of reading,
without overlooking also in this case a certain aesthetic refinement.
The geological surveys carried out from 1836 to 1843 at 1:30:000
scale and summarized in the 13 sheets at 1:50.000 scale, as awhole con-
stitute the first detailed geological map of any volcano in the world
Please cite this article as: Branca, S., Abate, T., Current knowledge of Etna'
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(Abate and Branca, 2015). Sartorius used fourteen colors to render the
age and nature of the rocks, distinguishing the land into lithological
and chronological units. His choice was to use different “gradations of
clarity” of the same color, namely green, so he could distinguish the
greatest part of the volcanic products, passing from a lighter tonality
to a darker one for the rocks of more recent age. His work is influenced
by his godfather JohannWolfgang vonGoethe that, as new studies dem-
onstrate (Schäfer-Weiss andVersemann2005) contributed to the color-
ation of the General Charte von Teutschland of Christian Keferstein
(1821). In particular, the lava flows have been grouped into three differ-
ent colored units: “Undated Lavas”, “Mediaeval Lavas” and “Modern
Lavas” (Fig. 10). To attribute the ages of the various lava fields, mapped
with extraordinary accuracy thanks to the geological and topographical
surveys, Sartoriusmade a study of the historical sources. The authorwas
helped in this examination of the sources by research undertaken by
Mario Gemmellaro. Sartorius deemed the information on the eruptive
phenomena described in the Greek-Roman and Early Middle Age
sources too general since they did not enable locating the events with
certainty due to the absence of clear references from a geographical
viewpoint. The oldest lava flow the author was able to assign a date
makes reference to the small Church of St. Stephen, a monastic colony
of Byzantine origin, quoted by the historian Nicolò Speciale (Tanguy,
1981; Guidoboni et al., 2014). The churchwas skirted by a lavaflowdur-
ing an undated eruption, but surely occurring at the time of the death of
s flank eruptions (Italy) occurring over the past 2500 years. From the
tps://doi.org/10.1016/j.jvolgeores.2017.11.004
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Fig. 9. Topographic and geological map of Etna, watercolored lithograph, by Dufrenoy-De Beaumont (1838), indicating the historical lava flows reported by the author.
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KingCharles I of Anjou (1226–1285). The location of this small church in
the Dagala del Re district in the territory of Santa Venerina hence en-
abled Sartorius to attribute with confidence a vast lava field originating
from the Valle del Bove, whose most advanced fronts were found near
Dagala and Macchia. During the printing of the various sheets some er-
rors in the dating of the historical eruptionswere reported. In particular,
the lava flow denominated “Lava del Gallo Bianco” indicated as from
1595, though unmentioned in any source (Tanguy, 1981; Guidoboni et
al., 2014), had conditioned the dating of the lava flows in all subsequent
geological maps even until the 20th century cartography (Abate and
Branca, 2015).

In 1858, the eminent Scottish scientist Charles Lyell, whowas in con-
tact and shared important exchanges on scientific theories on the
Please cite this article as: Branca, S., Abate, T., Current knowledge of Etna'
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structure and formation of volcanoes with Sartorius, was the first to
use a simplified adaptation of Sartorius's geological map (Lyell, 1858).
From this moment on, all the authors that studied and represented
the historical eruptions of Etna used the geological cartography of Sarto-
rius and the related age attributions of the lavaflows as a benchmark for
the subsequent works, only updating it with the addition of the new
lava flows. Therefore, Sartorius' work represents a watershed in the his-
tory of mapping Etna's eruptions according to Abate and Branca, 2015.
Thanks to the geological surveys and drawings produced with the aid
of a team of talented draftsmen, the difficulty of representing the com-
plex structure of the flexible nature of the territory on paper and the in-
tricacies in rendering the three-dimensional space of the lava flows that
altered its morphology, are definitively addressed. Now that certain
s flank eruptions (Italy) occurring over the past 2500 years. From the
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Fig. 10. Geological map of Etna by combining the 13 sheets at 1:50,000 scale, chromolithograph, published by Sartorius VonWaltershausen (1848–61), indicating the historical lava flows
reported by the author of medieval and modern epochs up to the 17th century. a) Detail of the legend concerning the historical lava flows.
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difficulties related to the design had been resolved, only the question of
attributing their age would remain an open issue. Indeed, Sartorius'
mapping of the historical flows greatly influenced subsequent works,
just as his topographic survey immediately became a fundamental
starting point for all later surveys of the volcano such as the first geolog-
ical map of Italy at 1:100.000 scale concerning Mount Etna that was
published between 1884 and 1885 in four sheets (Mazzetti, 1884;
Mazzetti and Travaglia, 1885; Travaglia, 1885; Cortese and Mazzetti,
1884). In this sense, an exception was the volcanological and topo-
graphic map of Etna at a scale of 1:100,000 realized by the Swiss Emilio
Chaix (1892), since even though the author used the geological map of
Please cite this article as: Branca, S., Abate, T., Current knowledge of Etna'
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Sartorius as a basis, for the first time he extends the attribution of the
ages of the lava further back in time compared to the German scientist,
despite the limitations and uncertainties from the historical sources. In
particular, Chaix hesitantly attributes the date 1169? to an extensive
lava field on the south-west flank, also inserting a whole range of new
attributions of age, mostly dubious, to several lava flows of the 16th,
17th and 18th centuries (Table 1). Despite the revisions and updating
of the dates of the lava flows, it is noteworthy that Chaix instead
keeps the date of 1595 given in Sartorius' map for the flow known as
“Lava del Gallo Bianco”. In the same period, the architect Carmelo Sciuto
Patti would hazard even further than Chaix in backdating the age of the
s flank eruptions (Italy) occurring over the past 2500 years. From the
tps://doi.org/10.1016/j.jvolgeores.2017.11.004
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Table 1
Comparison table between the age attributions of the lava flows of Greek-Roman epoch until the seventeenth century in the historical geological mapping of Etna. (*) dates do not cor-
respond to eruptions described in the sources (Guidoboni et al., 2014); ^ archaeomagnetic dating (Tanguy et al., 2012); (°) 226Ra\\230Th dating (Tanguy et al., 2007).

Carta geologica dell'Etna Sartorius
(1848–1861)
1:50.000 scale

Carta vulcanologica e topografica dell'Etna
Chaix (1892)
1:100.000 scale

Geological map of Mount Etna
Romano et al. (1979)
1:50.000 scale

Geological map of Etna volcano
Branca et al. (2011)
1:50.000 scale

Age (lava flow name) Age (lava flow name) Age (lava flow name) Age (lava flow name)

1689 1689 1689 1689
1669 1669 1669 1669
1651 1651 1651 1651

1651 (Scorciavacca) 1651 (Scorciavacca) 1020 ± 40^ (Scorciavacca)
1646 1646 1646 1646–47

1643 1566
1636 1609?* 3.9 ka BP-122 BC (C.da Pirao)

1634–36 1634–38 1634–38 1634–36
1614–24 1614–24 1614–24 1614–24
1610 1610 1610 1610
1607 1607 1607 1610
1595* (Gallo Bianco) 1595* (Gallo Bianco) 1595* (Gallo Bianco) 1200 ± 30^ (Mt. Forno)

1060 ± 50^ (Mt. Gallo)
1566? 1614–24

1566 1566 1566 1180 ± 30^ (Linguaglossa)
1537?* (Mt. Pomiciaro) 1536 (Mt. Pomiciaro) 950 ± 30^ (Murazzo Rotto)

1537 1537 1537 1537
1536 1536 1536 1536

1535?* (Mt. Nero dei Zappini) 1535?* (Mt. Nero dei Zappini) 1250 ± 20^ (Mt. Nero degli Zappini)
1444 1444 1408

1270 ± 20^ (Montarello)
1408 1408 1408 700 ± 80^ (Gallinara)

450 ± 50^ (S.G. la Punta)
350 ± 50^ (Piazza S. Alfio)
300 ± 100^ (Monpeloso)

1381 1381 1381 1160 ± 20^ (Mt. Arsi di S. Maria)
1334* 1334* 1329
1329 1329 1329 1030 ± 40^ (Mt. Ilice)
1284 1284 1284–85 1285

1169?* (Sona) 812?/1169?* (Sona) 1000 ± 50^ (Mt. Sona)
252–53 (Larmisi and Carvana) ca. 2600 BC° (S.G. Galermo)
122 BC 3.9 ka BP-122 BC (Mt. Trigona)
394 BC 150 BC ±200 (Mt. Salto del Cane)
425 BC 3.9 ka–15.ka BP (Ognina)
693 BC* 3.9 ka–15.ka BP (Barriera del Bosco)
693? BC* (Fratelli Pii) 3.9 ka–15.ka BP (Quartararo)
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lava flows. In 1872, he published a geological map of the city of Catania
and environs at a scale 1:21,276 (Sciuto Patti, 1872). For the first time,
he attributed a Greek-Roman age to some lavaflows, thereby condition-
ing the datings thatweremade in the geological mapping, both in detail
and on a large scale, in the 20th century (Abate and Branca, 2015). How-
ever, just a few years after the publication of Sciuto Patti's map, the first
archaeological studies were undertaken north of the city, in the Barriera
del Bosco locality (Basile, 1891, Orsi, 1898, for further details see
Procelli, 2007). The studies found evidence of a prehistoric settlement
in several caves within the lava flow named by Sciuto Patti as “Lava
Carvana” and erroneously attributed to the Roman age (122 BC), there-
by underlining a posteriori howonly amultidisciplinary approachmight
have solved the problem of “time” for the flows that were formerly con-
sidered historic (Branca et al., 2016).

The 19th century thus came to a close, havingwitnessedmajor turn-
ing points in terms of graphic representation in space, hence also of the
historical eruptions in the Etna area. But the lengthy debate on the age
of the lava flows was to begin and would continue throughout the fol-
lowing century.

4. Geological cartography in the 20th century and repercussions on
the knowledge of the historical eruptions of Etna

During the first half of the 20th century and beyond, the geological
map of the Sartorius continued to be the cartographic benchmark to lo-
cate and date the historical lava flows of Etna (Abate and Branca, 2015).
An example of the constant updating of Sartorius' mapping is the map
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used by Imbò (1965) that appeared in the Catalogue of the active volca-
noes of the world, accompanying the section related to the historic
eruptions of Etna. This map only upgraded to 1951 the map of Etna
and its eruptions made by Mercalli (1883) realized on the basis of Sar-
torius' map. During the second half of the 1960's, studies on the geology
and structure of Etna volcano were resumed with renewed vigour
thanks to the initiatives of the eminent Swiss scientist Alfred Rittmann,
widely considered one of the founding fathers of modern volcanology
(Branca and Lanzafame, 2016). Rittmann published a new overview of
the geological and structural evolution of Etna (Rittmann, 1973) about
a century later than that by Sartorius. Rittmann's research highlighted
the need to update the geological cartography of Etna, a line of study
thatwas inherited and developed further by one of Rittmann's students,
Romolo Romano, who together with a group of Italian and British re-
searchers, began a new geological survey of Etna in 1971, a hundred
and thirty-five years after the start of the surveys undertaken by Sarto-
rius in 1836. The geological survey, on a 1:25,000 scale, led to drafting a
new geological map of Etna, on a scale of 1:50,000, and published in
1979 (Romano et al., 1979). The historical lava flows were grouped
into four units: “Mainly undated lava flows”, “Lava flows from the
12th to 17th centuries”, “Lava flows from the 18th to 19th centuries”
and “Lava flows of the 20th century until 1974”. The attribution of the
ages of the lava flows was made by reviewing all the data on the erup-
tions published in the scientific literature, referring to both the cata-
logues and cartography. As a result of the 1979 geological map,
various ages of the Greek-Roman era were assigned to some lava fields
mapped on the lower south-eastern flank, especially in the urban area
s flank eruptions (Italy) occurring over the past 2500 years. From the
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Fig. 11. a) Digital TerrainModel showing the location of the Byzantine Church of Saint Stephen and the 1285 lava flow that impacted the area of Dagala in the lower east flank and skirting
the northern side of the church. b) View of the Church of Saint Stephen.
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of Catania, going well beyond the first attribution made by Sciuto Patti
(1872). For the lava flows attributed to the period from the Middle
Ages to the 17th century, all the dates were taken from the cartography
of Sartorius (1844–1861) and that of Chaix (1892) (see Table 1). In par-
ticular, regarding designating the flows to a series of uncertain events in
the period from the Middle Ages to the 17th century, Romano and
Sturiale (1982) preferred to indicate the doubtful dates on the map
since they are the same as those reported by the most reliable authors,
Sartorius and Chaix. Therefore, the ages of the lava flows from the
Greek-Roman era until the 17th century on the 1979 map are the
same as those of the 19th century cartography. This makes the draw-
backs in deriving knowledge of the historical eruptions exclusively
from the analysis of the sources even more apparent, the only method
used to compile the map of 1979.

At the same time as studies on Etna's geology were recommencing,
Tanguy (1969) published a note on the magnetism of the lavas of Etna
from the 14th to 19th centuries, evidencing for the first time that
some ages attributed to the historical lava flows in Sartorius'
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cartography did not concur with the secular variation curve of the geo-
magnetic field, thus raising doubts on assigning the age based on histor-
ical sources alone. Following this earliest attempt at dating Etna's lava
flows, the author undertook the first multidisciplinary study, both his-
torical regarding the sources, as well as on the dating of the lavas by ap-
plying the paleomagnetic method (Tanguy, 1980). In particular, the
author pointed out that many of the lava flows with ages attributed to
between the Middle Ages and the 17th century in the cartography of
the 19th century, are in fact older by several centuries. The critical anal-
ysis of historical sources would also enable to highlight the so-called
“false eruptions”, as the case of dating 1595 for the lava of the “Gallo
Bianco”. A “non-event” then, most likely a printing error, which was to
influence the geological mapping for more than one hundred twenty
years until 1979 and beyond (Abate and Branca, 2015). In fact, the
strange case of the “non-event” of 1595 would inexplicably be reported
in the sheet 624Mount Etna, scale 1:50,000 (Servizio Geologico d'Italia,
2012), notwithstanding the publication of other data (Speranza et al.,
2006), besides the numerous ones by Tanguy et al. (2007) on the dating
s flank eruptions (Italy) occurring over the past 2500 years. From the
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of the “Lava del Gallo Bianco”, showing that this lava flow consists of
two distinct lava fields formed during two flank eruptions in Medieval
times, around 1060 and 1200. It should be underlined, besides, that
the latest historical research has confirmed what had already been
noted by Tanguy (1981) on the lack of sources testifying to an eruption
in 1595 (Guidoboni et al., 2014).

Beginning in the '90s, geological surveys restarted on Etna in the
frame of the national geological cartography, to draft the new geological
map of Italy at a scale of 1:50,000. Concerning the Etna area, the geolog-
ical surveys were undertaken at 1:10,000 scale of the eastern flank of
Etna which led to the publication of sheet 625 Acireale (Servizio
Geologico d'Italia, 2009a). In compiling this map, the most up to date
stratigraphic criteria were applied to reconstruct the Etna volcanic suc-
cession (Branca et al., 2009). In particular, the dating known from the
scientific literature was considered to define the ages of the historic
lava flows; such use highlighted that to address this complex subject
at a scale of the entire volcano itwas necessary to implement amultidis-
ciplinary approach comprising stratigraphy, historical study and the
dating of the lavas.

Building on experience acquired during the national geologicalmap-
ping project on Etna volcano (Servizio Geologico d'Italia, 2009b, 2010a,
2010b), in thefirst decade of the 21st century, this approachwaswidely
applied in the cartographic work that resulted with the publication of
the third geological map of Etna at a 1:50.000 scale by Branca et al.
(2011a, 2011b). In this latest map, the detailed reconstruction of the
stratigraphic relationships of the lava flows enabled grouping together
the historical flows into three periods: “post-122 BCE plinian eruption
- 1669 AD eruption”, “post-1669 AD eruption - pre-1971 AD eruption”
and “post-1971 AD eruption - Present (2007)”. Furthermore, thanks to
the now forty-year experience in dating historical lava flows of Etna
with different techniques (Speranza et al., 2006; Tanguy et al., 2007
and 2012), it has been possible to date all of the main lava fields thus
achieving a major step forward in understanding the eruptive activity
of the last 2500 years. In particular, as a result of the multidisciplinary
stratigraphic, historical and dating approach, it appears that the vast
majority (85%) of the age designations of the lava flows of the Greek-
Roman period until the 16th century in the geological map of Romano
et al. (1979), are either prehistoric or several centuries older, just as
for some flows attributed to the 17th century (see Table 1).

It is worth noting that in the recent geological map of Branca et al.
(2011a, 2011b), the oldest lava flow attributed to an eruption quoted
in a source is that of the historian Nicolò Speciale (Tanguy, 1981;
Guidoboni et al., 2014), which described the Church of Saint Stephen
being skirted by a lava flow in January 1285 (Fig. 11), exactly as done
by Sartorius almost a century and a half before in his cartography. Fur-
ther proof of the extraordinary insight of the German scientist, who
was the first to understand the limitations involved in using the histor-
ical sources to attribute the age to the lava flows. This small and forgot-
ten church of Etnean architectural heritage of the Byzantine era is then
not only a linkbetween Sartorius' pioneering geologicalmap of Etna and
modern 21st century cartography, but also a key element in the fasci-
nating historical and scientific journey of the representation of the erup-
tions (Abate and Branca, 2015).

5. Discussion

The development of the illustration andmapping of eruptions began
in earnest in the 17th century, when a shift was made from a symbolic
representation of the active volcano to a broader picture. This would
for the first time enable setting the eruption, the volcano and the sur-
rounding area in context. Such is the endeavor readily discernible on ex-
amining the iconography of the French Jesuit Father Antoine Leal, who
in 1635 made the first realistic perspective view of Etna and one of its
flank eruptions, namely that of 1634–36. The illustrator arranged the
places, topography of the area and its architecture, all within the
space. He drew the form of the lava field and managed to relate the
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image to the reality of the dramatic moments experienced by the local
population with the depiction of religious rites.

The 1669 eruption is undoubtedly the most frequently depicted
event in the iconography of Etna. Its effects on the urban fabric and
the people were the most devastating to occur in modern times. The
drawing of this eruption, generally highly reiterative, is unfortunately
often devoid of volcanological information except in a few cases. One
such is the painting by Giovanni Alfonso Borelli (1670), inwhich a num-
ber of effects on the territory related to pre- and syn-eruptive phenom-
ena are also drawn.

A leap forward in the graphic representation of Etna's eruptions,
which would remain an isolated case for a long time, was made by
Domenico Bottoni (1692) towards the end of 17th century. The author
includes two significant novelties in his drawing that were taken up
again only in the 19th century: the representation of different flank
eruptions, 1634–36, 1669 and 1689,which implies introducing the con-
cept of time in the drawing. What is also noteworthy in Bottoni's ico-
nography is the change in perspective, no longer from the south but
from the east, showing with considerable graphic proficiency the mor-
phological features of the volcano that had never before been drawn,
such as the broad depression of the Valle del Bove.

After the large eruption of 1669, the drastic fall in the number of
major volcanic events led to a loss of interest in depicting the volcano
and its eruptions during much of the 18th century. Only Canon
Giuseppe Recupero (1818) made substantial progress by producing
the first overhead map, from the zenith point, of Etna between 1766
and 1778. In this early attempt to render the morphology of the vol-
cano, Recupero indicates where the eruptions took place that he had
observed directly, but without drawing the related lava flows. We
would have to wait until the first half of the 19th century to see the
transition from an artistic painterly rendering of the eruptions to a
more scientific vision. The brothers Mario and Giuseppe Gemmellaro
made the first attempts, in 1810 and 1828 respectively, to designate
the ages of the lava flows that had occurred in historical times. In
particular, in his overhead map of Etna, Giuseppe Gemmellaro raised
the issue of representing the lava flows of the historical era in both
time and space, thus expanding the visual frontiers of the viewer.
Again in the first half of the 19th century, the publication in 1838
of the topographic and geological map by Élie de Beaumont, at a
1:111:111 scale, marked another major step in rendering the orogra-
phy of the volcano although without representing the historical lava
flows except for some cases.

The turning point in the long process of drafting and rendering the
eruptions of Etna came with the work of Wolfgang Sartorius von
Waltershausen, with the publication between 1844 and 1861 of the
first geological and topographic map, at a 1:50,000 scale, the oldest de-
tailed geological map of any volcano in the world. The accuracy of the
surveys Sartorius and his colleagues undertook in mapping the histori-
cal lava flows means that even today, more than a century and a half
later, his maps are still used by researchers to extract the volcanological
parameters of eruptions whose traces have disappeared from the terri-
tory after successive eruptions (Proietti et al., 2011). In this long history
of the representations of eruptions, begun in the 17th century, Sartorius'
cartography finally overcomes the problem of rendering these events in
space by inserting the notion of history in themap.What now remained
for those engaged in mapping the volcano was to solve the issue of de-
fining the “time” of Etna's historical lava flows. This would be tackled
with a multidisciplinary approach only with the 21st century
cartography.

The combination of stratigraphic and historiographical investiga-
tions, together with the dating of the lava flows undertaken for the
new geological map of Etna (Branca et al., 2011a, 2011b) and the subse-
quent multidisciplinary studies (Branca et al., 2015a, 2015b, Branca and
Vigliotti, 2015, Branca et al., 2016), enable a comprehensive update of
the flank eruptions occurring in different historical epochs. The knowl-
edge on the historical flank eruptions of Etna is chronologically well
s flank eruptions (Italy) occurring over the past 2500 years. From the
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Fig. 12.Map of the historical eruptions of Etna from the 6th century BC to the present (modified and updated from Branca et al., 2011). The acronymof the lava flows are those listed in the
Table 2. a) Pie diagram showing the percentages of the historical flank eruptions located in the South, West and North sectors of Etna.
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constrained due to the dating of all the lava flows recognized in the
stratigraphic record that comprises events occurring below roughly
2500mof altitude since the products of the post-17th century eruptions
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have almost covered the summit portion of the volcano. This long-term
data set allows updating and extending the previous analyses on the
flank eruptions from the 17th to 20th centuries (Branca and Del Carlo,
s flank eruptions (Italy) occurring over the past 2500 years. From the
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Table 2
Flank eruptions of the period 6th century BC–17th century AD recognized in the geological and historical records (updated from Branca et al., 2011). Date or age from: (*) Guidoboni et al.
(2014); (**) Branca and Vigliotti (2015); (°) Branca et al., 2015; (^) Tanguy et al., 2012.

Eruption Date or age Fissure location and description Description of the products

1689 14 March–April?* E flank
Buried

Long lava flow eastward reached an elevation of 210 m threatened
Macchia and caused destruction to the forests and damage to the
cultivated areas. During the eruption explosive activity from the
Central Crater produced ash fall up to Reggio Calabria.

1669 11 March–11 July* S flank
Eruptive fissure, NNW-SSE oriented, formed by several
segments between about 950 m and 700 m a.s.l. composed by
small spatter ramparts and by the huge scoria cone of Mt.
Rossi at 800 m a.s.l.
Dry fracture system, about N-S oriented, from Mt. Frumento
Supino (2800 m a.s.l.) to Piano di San Leo (1050 m a.s.l.) and
along the eastern base of the summit cone up to the Valle del
Leone (2650 m a.s.l.)

Large and long lava flow southward reached the coast destroying
the towns\villages of Guardia, Malpasso, Camporotondo, Potieli,
S. Pietro, Misterbianco, Monpilieri, Fallichi, Plache, S.G. Galermo
and the westward part of Catania town causing huge damage to
the cultivated lands.
Maximum lava flow length is 17 km. The intense and prolonged
explosive activity caused the temporary loss of cultivated land
and damage to houses in several towns on the eastern sector of
the volcano. Limited collapses of the summit cone occurred both
at the beginning and at the end of the eruption.

1651–54 January
1651–December
1654*

W flank
eruptive fissure, WNW-ESE oriented, composed by a small
spatter rampart located at 1800 m a.s.l.

Large and long lava flow westward that threatened Bronte
destroying the neighbourhood of San Silvestro and reaching the
elevation of 630 m. The lava flows destroyed some farmhouses
causing damage to the cultivated areas.
Maximum lava flow length is 12.7 km.

1646–47 20 Nov.–17
Jan. 1647*

NE flank
eruptive fissure constituted by Mt. Nero scoria cone located at
1950 m a.s.l.

Wide lava flow north-eastward reached an elevation of 670 m
causing damage to the cultivated areas of Castiglione di Sicilia.
Maximum lava flow length is 6.4 km.

1643 18–28 July** NW flank
eruptive fissure formed by two segments, NW-SE oriented,
located at 2850–2250 m a.s.l. consisting of elongated spatter
ramparts and at 2250 m a.s.l. by a small spatter rampart

Short lava flow north-westward reaching an elevation of 1690 m.
Maximum lava flow length is 2.7 km.

1634–36 19 December
1634–June 1636*

S flank
Eruptive fissure formed by a spatter rampart, localized at
2090–1975 m a.s.l.

Large and long lava flow divided in two branches. One southward
reached an elevation of 975 m and the other south-eastward
caused the destructions of houses of Fleri reaching an elevation of
430 m producing damage to the cultivated areas. Maximum lava
flow length is 9.3 km.

1614–24 1 July 1614–1624* N flank
eruptive fissure is mainly buried by most recent lava flows.
Only the lower portion is preserved and it is composed by two
big hornitos located at 2490 m a.s.l.

Wide and long lava flow north and north-westward reached an
elevation of 975 m causing destruction to the forests. Maximum
lava flow length is 8.9 km.

1610 3 May.-13 July* SW flank
Eruptive fissure, ENE-WSW oriented, formed by two segments
located at 1950–2350ma.s.l. composed by small coalescent scoria
cones, and at 2270 m a.s.l. by spatter ramparts.

Wide and long lava flow south-westward caused destruction of
the forest and to the cultivated lands of Adrano reaching an
elevation of 770 m. Maximum lava flow length is 11 km.

1579 19 Sept.-?* SE flank
buried

The lava flow is buried.

1566 1 Novem.-?* N flank
Three segments, oriented from NE-SW to NNE-SSW, formed
by spatter ramparts located at 1250–1350 m, 1370–1400 m
and 1950–2000 m a.s.l.

The eruptive fissures produced several small lava flows
north-eastward. From the 1250–1350 vent a 5 km long lava flow
reached an elevation of 570 m at “Jannazzo” locality close to the
Alcantara River.

1537 10–22 May* S flank
Several segments oriented NNE-SSW from 1780 to 1840 m
a.s.l. formed by spatter ramparts and small scoria cones

The lava flow southward reached an elevation of 450 m
destroying many houses of Nicolosi and Monpilieri. A collapse of
the summit crater produced ash fall in south-eastern Sicily and
north-eastward to Calabria at the end of eruption.

1536 23 March- 10 or 15
April*

S flank
Eruptive fissure, NNE-SSW oriented, formed by spatter
ramparts located between 1550 m and 1410 m a.s.l.

Different lava flows south and south-westward reached an
elevation of 960 m close to Ragalna. During the eruption ash fall
occurred along the eastern flank up to Calabria and falling bombs
killed one person close to the vents. The formation of a lahar was
reported in the sources.

1446 25 Sept.-?* E flank
buried

The lava flow is located at the Valle del Bove mouth close to
Zafferana town where the frontal portion is located at 520 m a.s.l.

1444 * S flank
Buried

The lava flow is buried.

1408 9–20 November* S flank
Buried

The lava flow destroyed Pedara village and the surrounding
cultivated lands. Ash fall occurred during the eruption
north-eastward close to Messina.

1381 6 August-? * S flank
Buried

The lava flow is buried.

1329 28 June–July?* E flank
Large scoria cone (Mt Rosso) located at 520 m a.s.l.

Wide lava flow eastward caused damage to the cultivated lands
of Acireale reaching a minimum elevation of 240 m a.s.L.
maximum lava flow length is 5.6 km. During the eruption intense
ash emission from the summit crater produced ash fall in
south-eastern flank up to Malta.

Rifugio Mt. Maletto
(rm)

1350 ± 50^ W flank The lava flow is located in the west flank reaching a minimum
elevation of 1460 m a.s.l.

1285 February* E flank
buried

The lava flow caused damage both to the cultivated areas and the
forests of the lower east flank surrounding the Byzantine church
of Saint Stephen at Dagala locality. The most distal lava front is
located close to Macchia village at 150 m a.s.l.

(continued on next page)
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Table 2 (continued)

Eruption Date or age Fissure location and description Description of the products

Montarello
(lq)

1270 ± 20^ S flank
Small scoria cone located at 900 m a.s.l.

Short lava flow reached a minimum elevation of 640 m a.s.l.
Maximum lava flow length is 3.0 km.

Mt Nero degli
Zappini

(za)

1250 ± 20^ SW flank
Eruptive fissure, oriented NNE-SSW, formed by spatter
ramparts and by the scoria cone of Mt. Nero degli Zappini
located between 1800 m and 2000 m a.s.l.

The lava flow reached a minimum elevation of 1325 m a.s.l.
Maximum lava flow length is 3.7 km.

Casa Costarelli
(tl)

1250 ± 20^ S flank
Eruptive fissure, oriented NNE-SSW, formed by spatter
ramparts located between 1910 m and 1990 m a.s.l.

The lava flow located at Piano Vetore locality in the south flank is
almost buried.

Mt Forno
(of)

1200 ± 30^ W flank
Eruptive fissure, NE-SW oriented, located at 1550 m a.s.l.
constituted by a large scoria cone (Mt Forno).

Long lava flow reached a minimum elevation of 510 m
close to Adrano. Explosive activity produced a pyroclastic
fall deposit around the vent. Maximum lava flow length is
9.2 km.

Linguaglossa
(li)

1180 ± 30^ NE flank
Eruptive fissure composed by small spatter ramparts
subdivided in two segments, both NE-SW oriented, and
located at 1160–1380 m a.s.l.

Long lava flow reached the minimum elevation of 475 m a.s.l. at
Linguaglossa. Maximum lava flow length is 8.7 km.

Mt Arsi di S. Maria
(sm)

1160 ± 20^ S flank
Eruptive fissure formed by two segments, NNW-SSE oriented,
located between 460 m and 360 m a.s.l. formed by spatter
ramparts.

Long lava flow reached the coast at Guardia and Ognina localities.
Maximum lava flow length is 8.5 km.

Mt Arso ovest
(ar)

1150 ± 30^ W flank
Eruptive fissure formed by a small scoria cone at 1450 m a.s.l.
(Mt Arso).

Large lava flow reached the minimum elevation of 1140 m a.s.l..
Maximum lava flow length is 3.5 km.

Galvarina
(gl)

1120 ± 30^ W flank
Buried

Small lava flow reached the minimum elevation of 1640 m a.s.l.

Mt Gallo
(lw)

1060 ± 50^ W flank
Eruptive fissure, ENE-WSW oriented, located between 1500 m
and 1600 m a.s.l. formed by Mt. Testa and Mt. Gallo scoria
cones.

Wide and long lava flow reached the minimum elevation of 400
m a.s.l. close to Adrano. Maximum lava flow length 9.9 km.

Mt Ilice
(mi)

1030 ± 40^ E flank
Eruptive fissure formed by the huge scoria cone of Mt. Ilice
located at 700 m a.s.l..

Wide and long lava field reached the Ionian coast between
Pozzillo and Stazzo villages. Maximum lava flow length is 10.2
km.

Scorciavacca
(sr)

1020 ± 40^ NE flank
Eruptive fissure, E-W oriented, formed by spatter ramparts,
located at 850–900 m a.s.l.

Wide lava flow reached a minimum elevation of 80 m a.s.l.
Maximum lava flow length is 5.4 km.

Mt Sona
(oh)

1000 ± 50^ SW flank
Eruptive fissure, NNE-SSW oriented, formed by spatter
ramparts located at 1250 m a.s.l. in the Mt. Sona southern
slope.

Long lava flow reached a minimum elevation of 275 m a.s.l. close
to Paternò town. Maximum lava flow length is 11.4 km.

Mt Rinatu
(ri)

1000 ± 50^ NE flank
Eruptive fissure is formed by a large scoria cone (Mt Rinatu)
located at 1600 m a.s.l. and by spatter rampart in the inner
northern wall of Valle del Bove

Short lava flow located along the Torrente Pietracannone gully
reaching a minimum elevation of 1000 m a.s.l.. Maximum lava
flow length is 3.7 km.

Murazzo Rotto
(vt)

950 ± 30^ NW flank
Eruptive fissure, NNW-SSE oriented, formed by a small scoria
cone at 1550 m a.s.l. and by spatter rampart at 1450 m a.s.l.

Wide and long lava flow reaching the Alcantara river close to
Randazzo that produced a main lava dam of the river and the
formation of Gurrida quagmire. Maximum lava flow length is 9.5
km.

Serra del Monte
(el)

950 ± 50^ NW flank
Buried

Lava flow reached a minimum elevation of 1200 m a.s.l. uphill of
Maletto.

Casa Scandurra
(sy)

850 ± 40° SE flank
Eruptive fissure formed by a small spatter ramparts located at
1800 m a.s.l. in the southern slope of the Valle del Bove.

Long lava flow almost covered reached a minimum elevation of
700 m a.s.l. close to Fleri.

Millicucco
(ml)

700 ± 100° NE flank
Buried

Wide lava flow partially covered reaching a minimum elevation
of 450 m a.s.l. uphill of Piedimonte.

Gallinara
(gx)

700 ± 80^ S flank
Buried

Lava flow almost covered reached a minimum elevation of 750 m
a.s.l. close to Nicolosi

Primoti
(ix)

700 ± 50^ SE flank
Buried

Lava flow almost covered reached a minimum elevation of 350 m
a.s.l. close to Santa Venerina

Mt Solfizio
(fs)

550 ± 50^ SE flank
Eruptive fissure formed by a small scoria cone (Mt Solfizio)
located at 1800 m a.s.l. in the southern slope of the Valle del
Bove.

Long lava flow reached a minimum elevation of 300 m a.s.l. close
to Linera. Maximum lava flow length is 10.3 km.

Due Monti
(dm)

500 ± 50° NE flank
Buried

Wide lava flow partially covered reaching a minimum elevation
of 460 m a.s.l. uphill of Piedimonte.

Fossa della Nave
(ty)

500 ± 50^ S flank
Eruptive fissure formed by small coalescent scoria cones,
located at 1650–1700 m a.s.l, covered by the 1983 lava flow.

Short lava flow southward almost covered located uphill Mt.
Manfrè.

Bronte
(nt)

450 ± 50^ W flank
Buried

Lava flow almost covered reaching the Simeto riverbed close to
Bronte town.

P.zza S. Alfio
(io)

450 ± 40^ S flank
Buried

Lava flow field partially covered reaching the minimum elevation
of 450 m a.sl. close to Trecastagni.

S. G. La Punta
(sq)

350 ± 50^ S flank
Buried

Wide lava flow partially covered reaching a minimum elevation
of 310 m a.s.l. between San G. La Punta and Aci S. Antonio.

Albero Bianco
(ab)

350 ± 100^ W flank
Buried

Lava flow almost covered reaching the minimum elevation of
1590 m a.s.l.
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Fig. 13. Histogram of the eruptive vent distribution in the last 2500 years. The number of
the vents is grouped for every four centuries as the average precision of the lava flow ages
is in the order of several centuries for the Greek-Roman periods (for details, see Tanguy et
al., 2007, 2012).

Table 2 (continued)

Eruption Date or age Fissure location and description Description of the products

Monpeloso
(mp)

300 ± 100^
1–5 February 252*

S flank
Eruptive fissure, N-S oriented, formed by the large scoria cone
of Monpeloso, located at 850 m a.s.l., and by spatter ramparts
at 750–800 m a.s.l.

Lava flow reaching a minimum elevation of 430 m a.s.l. between
Mascalucia and Tremestieri. Maximum lava flow length is 6.0 km.

Rifugio Mt.
Palestra

(fp)

250 ± 100^ W flank
Eruptive fissure, E-W oriented, composed by hornitos located
at 1950 m a.s.l. on the Mt. Palestra slope.

Short lava flow reaching a minimum elevation of 1390 m a.s.l.
Maximum lava flow length is 4.1 km.

Caselle 100 AD^
+310–360
200 BC^ ±200

E flank
Buried

Lava flow almost totally covered.

Mt Rifugio
Galvarina

(rg)

250 AD – 160 BC° W flank
Eruptive fissure, ENE-WSW oriented, constituted by several
spatter ramparts located at 1900 m a.s.l..

Short lava flow partially covered reaching a minimum elevation
of 1470 m a.s.l..

Piano delle
Ginestre

(gi)

250 AD – 160 BC° W flank
Buried

Lava flow partially covered reaching a minimum elevation of
740 m a.s.l.

Cisterna
(nr)

250 AD – 160 BC° W flank
Buried

Lava flow partially covered reaching a minimum elevation of
1160 m a.s.l.

Vipera
(rr)

250 AD – 160 BC° W flank
Buried

Short lava flow partially covered reaching a minimum elevation
of 1310 m a.s.l.

Bocche Vituddi
(bv)

250 AD – 160 BC° W flank
Eruptive fissure, NE-SW oriented, located at 1000 m a.s.l.
formed by a small scoria cone.

Short lava flow reaching a minimum elevation of 1270 m a.s.l.
Maximum lava flow length is 4.6 km.

Poggio la Caccia
(pc)

250 AD – 160 BC° W flank
Eruptive fissure, E-W oriented, composed by a scoria cone
located at 1900 m a.s.l.

Wide lava flow partially covered.

Mt Salto del Cane
(sd)

150 BC^ ±200 S flank
Eruptive fissure, N-S oriented, located at 1400 m a.s.l. formed
by the scoria cone of Mt. Salto del Cane.

Wide and long lava flow reaching a minimum elevation of 280 m
a.s.l. close to S. Maria la Stella. Maximum lava flow length is
11.7 km.

Mt Minardo
(mm)

160 BC°
+190
−170

W flank
Eruptive fissure, NE-SW oriented, located at 1100 m a.s.l.
composed by the huge scoria cone of Mt. Minardo.

Wide and long lava flow reaching the Simeto river that produced
a main lava dam of the river. Maximum lava flow length is 9.0 km.
Explosive activity produced a pyroclastic fall deposit around the
vent.

Monpilieri
(ir)

200 BC^ ±200 S flank
Eruptive fissure formed by the large scoria cone of Mompilieri
located at 550–600 m a.s.l.

Lava flow partially covered reaching a minimum elevation of
300 m a.s.l. close to Gravina di Catania. Maximum lava flow
length is 5.9 km

Mt Ruvolo
(rv)

240 BC°
+350
−310

W flank
Eruptive fissure, E-W oriented, constituted by the huge scoria
cone of Mt. Ruvolo located at 1350 m a.s.l.

Wide and long lava flow reaching the Simeto river. Maximum
lava flow length is 9.1 km.

Cardillo
(ll)

420 BC°
+370
−320

N flank
Eruptive fissure formed by a large scoria cone located E of Mt.
Spagnolo, at 1450 m a.s.l.

Wide lava flow reaching a minimum elevation of 740 m a.s.l.
close to Randazzo. Maximum lava flow length is 5.8 km

Mt Gorna
(mg)

≈500 BC^ S flank
Eruptive fissure formed by the large scoria cone of Mt. Gorna
located at 700 m a.s.l.

Wide and long lava flow reaching the coast between Stazzo and
S. Tecla. Maximum lava flow length is 10 km.
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2005; Behncke et al., 2005; Proietti et al., 2011) in order to define their
variations in terms of eruption occurrence, style and location duringhis-
torical time. In particular, we have considered the flank eruptions char-
acterized by vent altitude below 2500 m for the post-17th century
period, so obtaining a homogenous and comparable data set also for
the previous period.

The different areas of Etna affected by historical flank eruptions have
been subdivided into three sectors on the basis of themain rift zones of
the volcano (Azzaro et al., 2012). We have defined a N sector spanning
the NNW to ESE flanks, a S sector spanning the ESE to SW flanks, and a
W sector spanning the SW to WNW flanks according to the previous
subdivision performed by Behncke et al. (2005) and Proietti et al.
(2011). The distribution of flank eruptions during the past 2500 years
unquestionably indicates that the S Rift is themost activemagma-intru-
sion zone of Etna also in the long-term, since 51% of the events occurred
in the south sector (Fig. 12a) in agreement with the same data
concerning the past four centuries (Branca and Del Carlo, 2005;
Proietti et al., 2011). Conversely, unlike previous data of the past four
centuries, this long-term analysis outlined that the magma intrusions
are more prevalent in the west sector, with 27% of the total flank erup-
tions, rather than in the northern one.

Concerning the eruptive style, Branca and Del Carlo (2005) observed
that the most common flank eruptions of the last 340 years are almost
s flank eruptions (Italy) occurring over the past 2500 years. From the
tps://doi.org/10.1016/j.jvolgeores.2017.11.004
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purely effusive (Class A). Conversely, those with ash plume-forming ex-
plosive activity (Class B) producing large scoria cones at the vent and
widespread distal pyroclastic deposits, are infrequent. They represent
only 13% of the total and are mainly located in the south-eastern
flank. The presence of large scoria cones, sometimes with the remains
of the distal pyroclastic deposits, allow determining that in the previous
period some Class B eruptions also occurred (1669, 1329, Mt. Forno, Mt.
Ilice, Mt. Rinatu, Mompeloso, Mt. Minardo, Monpilieri, Mt. Ruvolo, Mt.
Cardillo and Mt. Gorna in Table 2). This typology of highly explosive
flank eruptions is, therefore, uncommon during the eruptive behavior
of Etna in the past 2500 years, even though the spatial distribution of
the vents indicate that all the volcano sectors have been involved.

The vent elevation distribution during the past 2500 years outlines
that only one is located at very low altitude below 500 m a.s.l. (Fig. 13),
namely the so-called Mt. Arsi di S. Maria eruption that involved the
south flank in the 12th century (Table 2). Starting from the 18th century,
the vents aremainly located between 1600 and 2500m altitude and dur-
ing this time span only five flank eruptionswere produced by vents locat-
ed at medium elevations between 1100 and 1500 m a.s.l. (Table 2) and
none below 1000m a.s.l. as instead usually occurred in the previous peri-
od. This data further highlights that the large 1669flank eruption had rad-
ically modified the eruptive behavior of the volcano (Branca and Del
Carlo, 2005; Behncke et al., 2005), resetting the plumbing system of
Etna and thereby modifying the processes of the magma intrusion along
the volcano flanks towards the upper level.
6. Conclusive remarks

In this paper, we have traced the progress in the knowledge of the
flank eruptions occurringonEtna in historical time through the analyses
of illustrations, drawings and maps that reveal the developments in
representing one of the most active volcanoes in the world. The multi-
disciplinary approach allows describing the key steps in the history of
representing Etna's eruptions from the 17th century to themodern geo-
logical cartography.

The 17th century saw the highest incidence of flank eruptions that
impacted the lower slopes of Etna and its urban fabric. In this century,
the first representation of this phenomenon was made regarding the
1634–36 and 1651–54 eruptions. A marked increase in the illustrations
and drawings of Etna's eruptions is related to themajor 1669 event. This
was the main flank eruption to occur in the modern epoch that consid-
erablymodified the urban andmorphological setting of themost dense-
ly inhabited sector of the Etnean region. Applying a perspective view,
N20 iconographic sources illustrate the effects of this eruption on the
territory and on the urban network of the lower southeast flank. The ad-
vent ofmodern topography during the first half of 19th century allowed
some authors to represent the eruptions and the related products in a
map. In this period, the publication of the first geological map of Etna
by Sartorius VonWaltershausen constitutes a turning point in the stud-
ies on historical eruptions. Waltershausen's mapping and dating of the
lava flows on analyzing the historical sources influenced all successive
works. His achievements remained the enduring benchmark on the
knowledge of the eruptive history of the volcano right up until the geo-
logicalmaps of the second half of 20th century. Onlywith the geological
cartography of the 21st century, thanks to an interdisciplinary approach
comprising stratigraphy, historiographical studies and the dating of the
lavas, has it proved possible to define for the first time a comprehensive
assessment of the historical flank eruptions of Etna.

Present-day knowledge of the flank eruptions of the past 2500 year
has allowed highlighting some significant features on the long-term be-
havior of the volcano that are summarized in the following:

The temporal and spatial analyses of the flank eruptions indicate
that these mostly frequently involve the south sector, highlighting
that the S rift is themost active magma intrusion zone of Etna in histor-
ical time.
Please cite this article as: Branca, S., Abate, T., Current knowledge of Etna'
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- The occurrence of flank eruptions characterized by intense ash
plume-forming explosive activity, which generated large scoria
cones and distal pyroclastic deposits, are infrequent. This type of
eruption involved all the sectors of Etna down to low altitudes.

- The temporal distribution of the eruptive vents altitude evidenced
that during the Greek-Roman and Medieval period the opening of
fissures at low elevation (b1000 m a.s.l.) were common. Following
the 1669 eruption, the opening of fissures are mainly concentrated
in the upper-middle slopes between 1600 m and 2500 m a.s.l. Dur-
ing the last 340 years, no flank eruptions have occurred below
1000 m of altitude.

- In addition to being the main volcanic event of historical time, the
1669 eruption marked the beginning of an eruptive period charac-
terized by magma intrusion concentrated in the middle-upper
flanks of the volcano.
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