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The scientific team visited the Ischia Island and conducted a field macroseismic survey and a geological
reconnaissance for three consecutive days in order to assess the earthquake impact on the natural environment and
the building stock in the affected area and mainly to interpret the fact that this minor earthquake caused heavy
structural damage to buildings and produced high intensities in the affected area.
All funding for this work was provided by the Environmental, Disaster and Crisis Management Strategies Masters
Degree Program of the Department of Geology and Geoenvironment of the National and Kapodistrian University of
Athens.

Geographic location and historical data of Ischia Island
Ischia is located in the Tyrrhenian Sea, at the northern end
of the Gulf of Napoli, about 30 km from the city. It
comprises a significant chapter of the ancient Greek history
and civilization as in the early 8th century BC Greeks from
the Aegean Island of Euboea sailed from Eretria and Chalcis
to Ischia, settled there and founded the first colony of the
ancient Greeks in the West. They named it Pithecusae and it
was more a commercial post in order to facilitate trade with
mainland Etruscans. It constituted the first landfall in a wave
of westward Greek colonization that swept across southern
Italy and Sicily over the following two centuries. This fact
were initially recorded by the Roman historian Livius and
then by Strabo, who mentioned that Euboean Greeks
settled in Pithecusae (Ischia) and made progress due to
cultivation of the fertile soils of the island and the
development of goldsmith workshops. By about 750 B.C.E.
Pithecusae was crowded and prosperous, but it was largely
abandoned in the late 700s B.C due to the outbreak of the
Lelantine war, which pitted Chalcideans against Eretrians
Greeks as enemies accompanied by the occurrence of
natural disasters including earthquakes, volcanic eruptions,
tsunamis and thermal anomalies.

The results of the archaeological research showed that
during the second half of the 8th century B.C. Greeks settled
the northwestern part of the island (the current Lacco
Ameno), then the mainland just to the east, around modern
day Naples, and then Apulia, Calabria, Campania and Sicily
over the following two centuries.

The aforementioned descriptions were confirmed by
archaeological excavations conducted by the German
archaeologist Giorgio Buchner in the island during 1950s.

Nestor’s cup. From the necropolis of Valle di San Montano (Lacco
Ameno), Tomb nr. 168. Around 725 B.C. (Ischia, Archaeology Museum
of Pithecusae, nr. 166788)

Geological structure and evolution of Ischia Island

Ischia extends over a surface of about 42 km2 and
constitutes the westernmost active volcanic field of
the Campanian Plain (southern Italy), a K-alkaline
volcanic district comprising the Phlegrean Fields, the
Procida Island and the Mt. Somma-Vesuvius
complex. The principal structure of the island is the
Mt. Epomeo, which constitutes a volcano-tectonic
horst with altitude of 787 m.a.s.l. (Rittman, 1930). Its
morphology is continuously formed and reshaped by
multiple tectonic processes including eruptions,
earthquakes, resurgences, collapses, and landslides
among others. As a result, Ischia is composed of
various formations and lithologies including volcanic
rocks represented by trachytes, alkali-trachytes,
trachybasalts, latites and phonolites, marine
sediments and landslide deposits (Gillot et al., 1982;
Orsi et al., 1991).
The current resurgent phase started 33 ka B.P. and
raised the Mt. Epomeo summit up to its present
altitude (Gillot et al., 1982). The resurgence process
is accompanied by activation of faults and renewal

of volcanism that produces over-steepening of
slopes (de Vita et al., 2006) affected by strong
hydrothermal weathering. Thus, the caldera
resurgence is considered as the main factor for
generating landslides. Many onshore and offshore
slide deposits have been identified in and around
the island (Aiello et al., 2009; Della Seta et al., 2012,
2015).
Geophysical surveys and seismic activity suggest that
the uplifting block is bordered by high-angle inwarddipping faults (Orsi et al., 1991; Acocella and
Funiciello, 1999).

View of the Mt. Epomeo from Forio

Location of Ischia Island in the Tyrrhenian Sea

Location of Ischia and the Bay of Naples on the eastern Tyrrhenian extensional margin of Italy. In this region, volcanism
followed E-W and ENE-WSW lineaments, and Ischia volcano lies at their junction.

Source: De Alteriis & Violante (2014)
The Geological Society, London, Special Publications, 322, 73–104

Geological structure of Ischia island

Simplified geological map of Ischia island modified from Vezzoli (1988). Hydrothermal manifestations are from
Chiodini et al. (2004) and epicenters of historical earthquakes from Alessio et al. (1996).

Source: Manzo et al. (2006)
Journal of Volcanology and Geothermal Research 151, 399-416

Geological structure of Ischia island

Geological sketch map of Ischia Island, modified after Gillot et
al. (1982)

Source: Acocella and Funiciello (1999)
Journal of Volcanology and Geothermal Research 88, 109-123

Location of the eruptive vents coeval with resurgence at
Ischia in the last 33 ka and the most important fracture
systems. 93% of the volcanic products have been
erupted 1-2 km away from the borders of the resurgent
block, mostly in correspondence with regional fractures.

Geological structure of Ischia island
(A) Campanian Plain Volcanic Region

(B) Topographic map of Ischia Island (data resolution: 40
m), with tectonic lineaments derived from De Vita et al.
(2006).

Source: Rapolla et al. (2010)
Engineering Geology 114, 10-25

Tectonic structure of Ischia island

Data collected from remote sensing and structural field analysis. Main scarps, constituting morphotectonic lineaments
possibly related to tectonic activity, are reported in solid lines. The largest faults measured on the field are reported in the 22
insets on a Schmidt’s lower hemisphere net. It can be seen that scarps and nearby faults are systematically parallel
throughout the island.

Source: Acocella and Funiciello (1999)
Journal of Volcanology and Geothermal Research 88, 109-123

Structure of the resurgent block of Ischia island

c)

a.
b.
c.

Structural map of Ischia Island. Continuous lines = faults arrows
display dipping; hatches on the downthrown side; dashed lines =
volcano-tectonic alignments.
NW-SE-oriented profile, displaying the possible structure of the
resurgent block, bordered by high angle inward dipping faults.
Block-diagram of the shallowest part of the resurgent block, tilted
around a NE-SW-trending horizontal axis, approximately located in
the Maronti area. View from SW.

Source: Acocella and Funiciello (1999)
Journal of Volcanology and Geothermal Research 88, 109-123

Model for the rise of the resurgent block at Ischia island

Source: Molin et al. (2003)
Journal of Volcanology and Geothermal Research 121, 65-81

(a) Present situation. The asymmetric block is
bordered by high-angle inward-dipping reverse
faults. Outward-dipping normal faults are
present in the innermost part, along the
periphery of the block. As suggested by the
interpretation of the macroseismic field
(Cubellis, 1985; Cubellis and Luongo, 1998),
seismic activity (shaded area) is located on the
northern side of the block, in correspondence
with the reverse faults, at a depth of 1-1.6 km.
(b) Evolutionary model of the intermittent
trapdoor uplift: seismic activity is triggered by
the reverse faults on the most strained side of
the block.
(c) Evolutionary model of the intermittent
trapdoor uplift: the activity of the reverse fault
induces the collapse of the periphery of the
block, forming the outward-dipping normal
faults. The further reactivation of the
outermost reverse faults triggers a new cycle of
trapdoor uplift of the block. The combined
activity of the reverse and normal faults along
the periphery of the block is able to
accommodate the space created by the
resurgence.

Volcanic activity, seismic history, significant events and seismic hazard in Ischia Island
and Lacco Ameno settlements. The macroseismic fields
As regards the volcanic activity in Ischia, it dates back to
of these earthquakes show an overall E-W-trending
150 ky and mostly consisted of medium-scale explosive
elongation and a N-S-oriented major gradient in the
eruptions with emplacement of pyroclastic deposits and
area of maximum intensity (Cubellis, 1985; Alessio et al.,
lava domes (Gillot et al., 1982). A major ignimbritic
1996; Cubellis and Luongo, 1998). As regards the
eruption occurred 55 ka with the emplacement of the
earthquake environmental effects, slope failures have
Mount Epomeo Green Tuff deposit and possibly caldera
been mainly observed and classified into debris flows,
formation. The latest volcanic event occurred in
rock falls, debris slide and deep-seated slumps
historical times (AD 1302) as a small lava flow emplaced
(Guadagno and Mele, 1995; Mele and Del Prete, 1998).
in the eastern sector of the island.
The most recent Italian seismic laws (“Nuove Norme
As regards the seismic history in Ischia, 13 major
Tecniche per le Costruzioni”, Ministry Decree of
earthquakes occurred at Ischia from AD 1000 onwards
14/01/2008, www.cslp.it) have incorporated national
with epicentral intensities varying from VMCS to XMCS.
scale estimates (http://zonesismiche.mi.ingv.it/; Gruppo
The epicenters of these major events were located
di Lavoro “Mappa della Pericolosità Sismica”, 2004) that
along the northern periphery of the resurgent block.
attribute to Ischia values of the peak ground
These earthquakes have disastrous impact on the manacceleration on bedrock ranging from 0.13 g to 0.16 g
made environment and the building stock resulting in
for a return period T of 475 years.
fatalities and injuries and damage to buildings. Among
these events, the most important are the March 3,
The most important of the aforementioned multiple
1796, the February 2, 1828, the March 4, 1881 and the
tectonic processes are the high-volume Ischia Debris
July 28, 1883 earthquakes with significant effects on the
Avalanche occurred in prehistoric times, the Arso
population, the building stock and the natural
eruption occurred in 1302 and the Casamicciola
environment of Ischia. The area most affected by these
earthquake generated in 1883 resulting in extensive
seismic events is the wider Casamicciola area including
earthquake-induced landslides in the northwestern part
Casamicciola, Bagni, Maio, La Rita, Fagno, Casamonte
of Ischia.

Earthquakes during the last
3 days before the earthquake

Earthquakes during the last
90 days before the earthquake

Earthquakes from 1985 to present

Earthquakes from 1000 to 2006

Historical earthquakes

Source: Molin et al. (2003)
Journal of Volcanology and Geothermal Research 121, 65-81

Historical earthquakes

Source: Rapolla et al. (2010)
Engineering Geology 114, 10-25

(A) Map of the epicenters of historical earthquakes in the island of Ischia (modified from Alessio et al., 1996). (B)
Macroseismic field map of the 1828 Casamicciola earthquake (I0=VIII–IX MCS) (modified from Alessio et al., 1996). (C)
Macroseismic field map of the 1881 Casamicciola earthquake (I0=IX MCS) (modified from Alessio et al., 1996). (D) Damaged
areas connected to the 1796, 1828 and 1881 Casamicciola earthquakes (modified from Luongo et al., 1987).

MSC intensities – Historical earthquakes
(A) MCS Intensities of the 1883 Casamicciola earthquake
(from Luongo et al., 2006). The numbers referred to each
isoseismical curve represent the PGA values computed
using the Medvedev and Sponheuer (1969) relation.

(B) Peak horizontal acceleration on bedrock (with
Vs30˃800 m/s) at Ischia given by the Italian seismic
regulations for Tr=475 years (“Nuove Norme Tecniche
per le Costruzioni”, Ministry Decree of 14/01/2008,
www.cslp.it ).

Source: Rapolla et al. 2010
Engineering Geology 114, 10–25

Historical earthquakes

Macroseismic field of the 1881 (dotted lines) and 1883 earthquakes
Source: Molin et al. (2003), Journal of Volcanology and Geothermal Research 121, 65-81

Expected damage on Ischia island from an earthquake
with energy comparable to that of the 1883 earthquake

Map of the expected damage on the island from an
earthquake in the northern sector with energy
comparable to that of the 1883 earthquake. Four zones
are shown – A, B, C, D – in decreasing order of damage.

Source: Cubellis et al. (2003)
Natural Hazards, 33: 379-393

Comparison between the distribution of the settlements of
Casamicciola in 1890 and urban development in 2000.

2017 Ischia Earthquake

On August 21, 2017, at 18:57:51 (UTC), a minor
earthquake struck the island of Ischia. Its magnitude
was initially measured ML=3.6. Its epicenter was
initially determined 3 km offshore northwestern
Ischia with a focal depth of about 5 km (INGV). After
few days, the earthquake magnitude was
remeasured as ML=4.0 and its epicenter was
relocated onshore close to Casamicciola Terme with
focal depth of 1.73 km (INGV). The focal mechanism
provided by several organizations and observatories
indicated strike-slip faulting (INGV).
Despite its small magnitude, it caused 2 fatalities, 42
injured, 2600 displaced residents and 1061
temporary displaced tourists. It also induced heavy
damage to the building stock of the hilly area
extending between Casamicciola and Lacco Ameno
settlements.
Based on data provided by the European satellite
radar data Sentinel-1, the European Copernicus
program, and those of the Italian constellation
COSMO-SkyMed, the Italian Space Agency (ASI) and
the Ministry of Defense, Differential Synthetic
Aperture Radar Interferometry (DInSAR) analysis

was performed by researchers of the National
Research Council - Institute of Electromagnetic
Detection of the Environment (CNR-IREA) in order to
map the surface deformation caused by the Ischia
earthquake. Permanent ground dislocation was
detected. In particular, subsidence of the order of 4
cm was detected close to Casamicciola Terme.

DInSAR analysis was performed by researchers of the NCNR-IREA.
Subsidence of the order of 4 cm was detected close to Casamicciola
Terme.

General information of the 2017 Ischia earthquake

Initial estimation of epicenter location, magnitude and focal mechanism

Initial estimation of epicenter location, magnitude and focal mechanism

Initial estimation of seismic intensity

Initial estimation of seismic intensity

Aftershock sequence

DInSAR application for detecting ground deformation induced by the 2017 Ischia earthquake

DInSAR analysis was performed by researchers of the
NCNR-IREA. Subsidence of the order of 4 cm was
detected close to Casamicciola Terme.

Source: Cubellis et al. (2003)
Natural Hazards, 33: 379-393

 Areas of damage from major earthquakes starting
from 1796. Distribution of the damage shows that the
epicentral area always falls within the north-western
sector of the island between Casamicciola and Lacco
Ameno.

Horizontal spectral acceleration from the 2017 Ischia earthquake
Record source: INGV – Osservatorio Vesuviano

Building damage (1/2)
Few days after the earthquake, members from the Faculty
of Dynamic Tectonic Applied Geology of the Department of
Geology and Geoenvironment of the National and
Kapodistrian University of Athens visited Ischia Island in
order to conduct a field macroseismic survey in the affected
area.
Based on field observations in the hilly area extending
between Casamicciola and Lacco Ameno settlements and
specifically in Fango, La Rita, Maio and Bagni areas, the
dominant building types comprise 1 to 3 storey
unreinforced masonry buildings with load-bearing walls and
2 to 4 reinforced concrete (R/C) buildings with R/C frame
and infill-partition brick walls. The masonry of the first type
comprises stones mainly composed of volcanic rocks of the
affected area. These buildings belong to the vulnerability
classes A and B according to the European Macroseismic
Scale (Grünthal, 1998; EMS-98) and present high
vulnerability due to absence of earthquake resistant
features and antiseismic design and construction. The R/C
buildings belong to the vulnerability class C according to the
ESM-98.
Moreover, a seismic resistant type of structures with dual
structural system was also observed. The primary structural
system includes a masonry perimeter load-bearing wall in
the ground storey, while the secondary comprises a wooden
frame in order to successfully sustain the vertical loads

during the earthquake.
The masonry buildings in the affected area suffered damage
varying from slight non-structural damage to very heavy
structural damage. The masonry structures with dual
structural system performed relatively well with partially
collapse of the masonry walls, while the wooden frame
sustained successfully the vertical loads. The R/C buildings
suffered only non-structural damage.
Based only on these field observations and taking into
account field macroseismic reports of previous earthquakes,
it is concluded that damage is attributed to a synergy effect
of several factors including the small focal depth, the highly
vulnerable buildings, the prevailing vertical component of
the earthquake ground motion deduced from field
macroseismic observations, and the possible amplification
of the earthquake ground motion due to the type of soil or
rock forming the basement of the affected area.
The seismic motion of buildings is depended on the soil
conditions of the foundations. If the buildings are founded
in loose soils, then the seismic motion of buildings
corresponds to the response – seismic performance of the
loose soil formations. Conversely, if the buildings are
founded in the outcropping basement, then the seismic
motion is not changed.
In this case, due to (a) the half-period wave, (b) the impact
type and the high frequency of this wave, (c) the resulted

Building damage (2/2)
extremely small duration of the seismic motion of the
outcropping basement and the larger self-resonance of the
loose soils and (d) the higher absorptivity that they present
in high-frequency motions, the parts of the affected area,
which are founded on loose soils, did not present damage
to buildings. The loose soils in this case acted as shock
absorbers, while the parts comprising outcropping
basement suffered the most damage by the earthquake as
they receive the seismic motion of the basement without
any loss. This phenomenon of the shock absorber is not
mentioned in any antiseismic regulation.
Based on the differentiation and classification of structures
into vulnerability classes and the classification of damage
to grades, the highest intensity assigned to the affected
area is VIIIEMS-98 due to the fact that many buildings of
vulnerability class A suffer damage of grade 4; a few of
grade 5, while many buildings of vulnerability class B suffer
damage of grade 3; a few of grade 4.

Source: Grünthal (ed) 1998, EMS-98 (modified)

Distribution of heavy damage induced by the 2017 Ischia earthquake

Lacco Ameno
Casamicciola Terme
Ischia

Forio

Panza
Serrara Fontana Barano
Sant’ Angelo

The eastern part of the area most affected by the 2017 Ischia earthquake

Photo taken on August 25, 2017

The western part of the area most affected by the 2017 Ischia earthquake

Photo taken on August 25, 2017

The southern boundary of the area most affected by the 2017 Ischia earthquake

Photo taken on August 25, 2017

The southern boundary of the area most affected by the 2017 Ischia earthquake

Photo taken on August 25, 2017

The southern boundary of the area most affected by the 2017 Ischia earthquake

Photo taken on August 25, 2017

Damage to reinforced-concrete (R/C) buildings with R/C frame and infill and partition walls

Damage to reinforced-concrete buildings

Damage to masonry buildings with load-bearing walls

Damage to masonry buildings with load-bearing walls

Damage to masonry buildings with load-bearing walls

Damage to masonry buildings with dual structural system

Near total or total collapses of masonry buildings

Near total or total collapses of masonry buildings

Damage to retaining walls

Damage to monumental buildings

Damage indicating the prevalence of the vertical component of the earthquake ground motion

2017 Ischia earthquake

From the observation and the analysis of the induced
damage, it is concluded that the earthquake ground
motion is characterized by the prevalence of the vertical
component and was generated by a minor earthquake.
This can be deduced not only from the small extent of the
earthquake-affected area but also from the assigned high
intensities.

Seismic intensities assigned to localities of the affected area
based on the application of the European Macroseismic Scale 1998 (EMS-98)

Localities

EMS-98 seismic intensities

Casamicciola T. (red zone)

VIII

Fango (Lacco Ameno)

VII

Marina di Casamicciola

VI

Fontana

V-VI

Ciglio

V

Lacco Ameno

V

Serrara

V

Forio

IV-V

Perrone

IV-V

Barano

IV-V

Ischia Porto

IV

Characteristic damage of historical earthquakes

The 1881 earthquake in the Ischia Island. Xylographic print from the Harper’s Weekly (1881).
Private collection, Prague

Characteristic damage of historical earthquakes

The 1883 Casamicciola earthquake, Ischia, Bay of Pozzuoli. Xylography print from The Illustrated London News (1883).
Courtesy of R. Musson, Edinburgh. Private collection, Prague
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