
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tjom20

Journal of Maps

ISSN: (Print) 1744-5647 (Online) Journal homepage: http://www.tandfonline.com/loi/tjom20

Geology, slow-moving landslides, and damages
to buildings in the Verbicaro area (north-western
Calabria region, southern Italy)

Luigi Borrelli, Gianfranco Nicodemo, Settimio Ferlisi, Dario Peduto, Silvio Di
Nocera & Giovanni Gullà

To cite this article: Luigi Borrelli, Gianfranco Nicodemo, Settimio Ferlisi, Dario Peduto, Silvio Di
Nocera & Giovanni Gullà (2018) Geology, slow-moving landslides, and damages to buildings in the
Verbicaro area (north-western Calabria region, southern Italy), Journal of Maps, 14:2, 32-44, DOI:
10.1080/17445647.2018.1425164

To link to this article:  https://doi.org/10.1080/17445647.2018.1425164

© 2018 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group on behalf of Journal of Maps

View supplementary material 

Published online: 23 Jan 2018. Submit your article to this journal 

Article views: 263 View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=tjom20
http://www.tandfonline.com/loi/tjom20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/17445647.2018.1425164
https://doi.org/10.1080/17445647.2018.1425164
http://www.tandfonline.com/doi/suppl/10.1080/17445647.2018.1425164
http://www.tandfonline.com/doi/suppl/10.1080/17445647.2018.1425164
http://www.tandfonline.com/action/authorSubmission?journalCode=tjom20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tjom20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/17445647.2018.1425164
http://www.tandfonline.com/doi/mlt/10.1080/17445647.2018.1425164
http://crossmark.crossref.org/dialog/?doi=10.1080/17445647.2018.1425164&domain=pdf&date_stamp=2018-01-23
http://crossmark.crossref.org/dialog/?doi=10.1080/17445647.2018.1425164&domain=pdf&date_stamp=2018-01-23


Science

Geology, slow-moving landslides, and damages to buildings in the Verbicaro
area (north-western Calabria region, southern Italy)
Luigi Borrelli a, Gianfranco Nicodemo b, Settimio Ferlisi b, Dario Peduto b, Silvio Di Nocerac and
Giovanni Gullà a

aResearch Institute for Geo-Hydrological Protection, National Research Council of Italy, Rende, Italy; bDepartment of Civil Engineering,
University of Salerno, Fisciano, Italy; cUniversity of Naples, Federico II, Italy

ABSTRACT
This paper presents a mass movement inventory map at 1:5000 scale of the Verbicaro area
(about 13 km2) located in the Calabria region (southern Italy). The Main Map results from the
visual interpretation of aerial photographs, multi-temporal geomorphological field surveys,
and field investigations of damage suffered by buildings. Some 53% of the study area is
affected by a total of 252 landslides, comprising different types, state of activity, and size.
The mapped landslides, mainly complex type, involve low-grade metamorphic rocks; among
these, 15% are active and slow-move on pre-existing sliding surfaces. Moreover, out of 492
surveyed buildings, 347 are located on landslide-affected areas and experienced damages
covering a broad range of severity levels. The Main Map can represent a useful tool for
authorities in charge of land-use planning and urban management and can be used to
pursue landslide risk analyses.
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1. Introduction

Mass movement inventory maps, produced using
conventional methods (Guzzetti et al., 2012), depict
the distribution, type, size, state of activity of landsliding
in a given area; they represent an essential tool to predict
the spatial–temporal evolution of landscapes and, more
generally, to properly carry out landslide susceptibility,
hazard and risk analyses (Corominas et al., 2014; Fell
et al., 2008). Their usefulness is particularly pronounced
in very complex geological contexts where urbanized
areas are affected by mass movements.

This is the case of the Calabria region (southern
Italy, Figure 1) where widespread landslides of differ-
ent type, often spatially interconnected and superim-
posed, involve low-grade metamorphic rocks
(Antronico et al., 2013, 2015; Borrelli & Gullà,
2017; Borrelli & Muto, 2017; Borrelli, Antronico,
Gullà, & Sorriso-Valvo, 2014, 2015; Calcaterra & Par-
ise, 2005; Conforti, Muto, Rago, & Critelli, 2014; Dra-
mis & Sorriso-Valvo, 1994; Gullà et al., 2000; Gullà,
Ferlisi, Nicodemo, & Peduto, 2017; Gullà, Peduto,
Borrelli, Antronico, & Fornaro, 2017; Ietto, Perri, &
Cella, 2016; Sorriso-Valvo & Tansi, 1996). These
rocks, due to both their intrinsic lithological charac-
teristics and the complex geological processes that
took place in Calabria during the Neogene–Quatern-
ary period (Bonardi et al., 1982), are mainly

constituted by a ‘mélange structure’ made up of
degraded, broken and fissured phyllites embedding
blocks, and fragments of different nature (e.g. slates
and metacarbonates). The development of wide-
spread landslides is further promoted and controlled
by steep slope angles, rugged topography, tectonics,
river deepening, and erosion at the toe of slopes.

Within this peculiar geological context, the Verbi-
caro study area (13 km2), located in the north-wes-
tern border of Calabria region (Figure 1), is a
representative case study. In particular, the urbanized
area (including a historic centre – dating back to the
second half of the fourteenth-century BC – and
newly developed facilities) has been suffering from
mass movements for some time. Consequently, the
Central Government included the municipality of
Verbicaro in the list – never implemented – of the
centres that had to be relocated to more stable
areas (Italian Law No. 445 dated 9 July 1908).
During recent decades, many buildings have been
damaged and the municipal council delivered several
evacuation/repair/demolition ordinances. However,
the seriousness of the problem largely increased
since the early 1960s, due to the urban sprawl
towards the unstable slopes located in the area
north-west of the historic centre (Figure 1) where
some reinforced concrete buildings experienced
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damage compromising their stability. The urbaniz-
ation process stopped about 15 years ago.

This paper is aimed at both reconstructing the geo-
tectonic setting and recognizing/mapping the mass
movements that affect the Verbicaro study area, that
persistently cause damage to buildings (Ferlisi et al.,
2015; Nicodemo, Peduto, Ferlisi, Gullà, et al., 2017).
The collected data are stored and managed in a Geo-
graphic Information System (GIS) to produce the
Main Map.

2. Materials and method

The methodological approach followed to produce the
mass movement inventory map of Verbicaro study
area includes three sequential steps.

First, geological investigations were carried out
using aerial photo interpretation and field surveys, to
both investigate and verify the morphological evidence
related to tectonics, as well as to identify faults and rock
types.

Figure 1. Location of the Verbicaro study area (north-western sector of Calabria region, southern Italy).
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Second, a mass movement inventory map of the
study area was generated on the basis of conventional
geomorphological criteria that benefited from the use
of information gathered from both the interpretation
of multi-temporal stereoscopic aerial photographs
(1:25,000 and 1:33,000 scale black-and-white and
1:15,000 scale colour aerial photographs, taken from
1955 to 2001) and detailed field surveys carried out
from April 2014 to February 2015. Type and state of
activity of landslides were established according to
the classification proposed by Cruden and Varnes
(1996), and adopting geomorphological criteria based
on field recognition and freshness of the topographic
signatures typical of gravity-related landforms (Brardi-
noni, Slaymaker, & Hassan, 2003; Brunsden, 1993; Rib
& Liang, 1978). The latter include scarps, conjugate
scarps, step terraces, irregular slope profiles (alongside
convex or concave forms), ground cracks, slope rup-
tures, and changes in the drainage network.

Finally, we improved the previously generated mass
movement inventory map on the basis of damage (and
its severity level) data recorded to exposed buildings of
the Verbicaro urbanized area. Note that carrying out
this activity generally requires a deep knowledge of rel-
evant factors dealing with both landslides (type, geo-
metrical and kinematical characteristics) and
interacting buildings (materials, foundation type, num-
ber of floors, state of maintenance) as well as infor-
mation on their relative location within the landslide-
affected area (Fell et al., 2008). Moreover, the damage
severity level of a given building may result from sev-
eral concurrent causes and its estimation may be ham-
pered by maintenance and/or renovation works that
might influence the observation of the ‘real’ crack pat-
terns. On the other hand, the approach to be followed
for damage recording and the classification system to
be adopted for ranking the damage severity level are
closely related to the scale of work (and, therefore, to
the analysis purposes) as well as to the available
amount of time and money. In this regard, the
approaches based on the visual inspection of crack pat-
terns exhibited by building façades are particularly use-
ful at large (municipal) scale since they allow a fast and
easy way to apply damage recording (Cooper, 2008).
Accordingly, ad hoc predisposed fact-sheets (Ferlisi
et al., 2015; Nicodemo, Peduto, Ferlisi, Gullà, et al.,
2017), filled in during in situ surveys (carried out
with a multi-temporal surveys from April 2013 to
October 2014), were adopted together with a coherent
classification system of the recorded damage severity
levels. In particular, the latter are distinguished in six
classes adapted from those provided by Burland,
Broms, and de Mello (1977): D0 = negligible; D1 =
very slight; D2 = slight; D3 =moderate; D4 = severe;
D5 = very severe. The D0-D1-D2 damage severity
levels refer to aesthetic consequences characterized by
hairline/fine cracks which can be easily treated during

normal decoration or require easy repair work. Starting
from the D3 moderate damage level, when functional
consequences are expected, maintenance works are
necessary. Once the D4 and D5 severity levels are
attained, the damage can compromise the building
stability.

The Main Map is finally generated on a topographic
base at 1:5000 scale (Technical Regional Map – CTR)
and implemented in a Geographic Information System
(GIS) using a 5 m resolution digital elevation model
(DEM). All the collected data are mapped (as polygon
or polyline features) and coded in UTM-WGS84 coor-
dinate system.

3. Geology and tectonics

The geological setting of the study area (Figure 2) is
characterized by the presence of Meso-Cenozoic sedi-
mentary–metasedimentary successions related to the
uppermost part of the Lungro-Verbicaro Unit (Iannace
et al., 2005, 2007).

The sequence starts with a thick dolomite interval,
covering the Norian and the Rhaetian, made up of plat-
form, margin and slope to restricted basin facies (Ietto
& Ietto, 1998; Ietto, Barillaro, Calligaro, & Mancuso,
1992; Perri, Mastrandrea, Neri, & Russo, 2003) consist-
ing of grey to dark dolomite, well bedded (10–30 cm
strata) and graded (Figure 3(A)), or in the form of mas-
sive intervals (Figure 3(B)) reaching a total thickness
up to 500–600 m (Ietto & Ietto, 2011).

The dolomitic succession passes gradually upward
(e.g. La Cannavata locality), into the Grisolia For-
mation (upper Norian/Rhaetian–Hettangian, Damiani,
1970) comprising alternating dolomite and limestone
(5–40 cm in thickness, Figure 3(C)) with intercalations
of reddish and yellowish marl strata (10–15 cm thick)
evolving upward to thick bedded dark-grey to black
coarsely crystalline limestone (strata of 70–140 cm in
thickness), and grey limestone at top of the formation.

The post-Triassic part of the sequence – represented
by a cherty limestone succession (Calcari con Selce
Fm), Jurassic (Lias-Dogger) in age (Compagnoni &
Damiani, 1971), reaching a total thickness up to 140–
160 m – is in stratigraphic continuity or lies locally
above an angular unconformity. The cherty limestone
succession consists of well-bedded grey to dark lime-
stone and metalimestone with beds (Figure 3(D)) and
chert nodules (Figure 3(E)) predominantly of whitish
colour, oolitic limestone and graded calcarenite with
cherty fragments.

A disconformity separates these layers from the
upper part of the succession, represented by the Colle
Trodo Formation (Iannace et al., 2007). Its base con-
sists of coarse carbonate conglomerate (the Brèche à
silex of Grandjacquet & Grandjacquet, 1962 or Brecce
Poligeniche of Damiani, 1970) of Maastrichtian–
Palaeocene age, and thickness between 40–60 m. The
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Figure 2. Geo-structural map of the Verbicaro study area. Legend: (1) debris fan (Holocene); (2) alluvial deposits (Holocene); (3)
colluvial deposits (Holocene); (4) landslide debris (Holocene); (5) metapelites and metarenites containing calcarenite and calcirudite
beds (Scisti del Fiume Lao Fm, early Miocene); (6) red and green metapelites with beds of calcareous turbidites grading upward to
yellowish metamarls and grey/dark crystalline limestones (upper part of the Colle Trodo Fm, Middle Eocene–Aquitanian); (7) coarse
carbonate conglomerates or Brecce Poligeniche of Damiani (1970) (lower part of the Colle Trodo Fm, Maastrichtian–Palaeocene); (8)
grey to dark cherty limestones (Calcari con Selce Fm, Lias-Dogger); (9) alternating dolomites and limestones with intercalations of
reddish and yellowish marls strata (Grisolia Fm, upper Norian/Rhaetian–Hettangian); (10) grey to dark dolomites (Norian); (11) strati-
graphic boundary (a) and (b) unconformity; (12) normal fault; (13) fault whit undetermined kinematics; (14) attitude of strata or
layering; (15) gravity-driven contact; and (16) cross-section. Geological cross-sections. Legend: (1) landslide debris; (2) Scisti del
Fiume Lao Fm; (3) Brecce Poligeniche; (4) Calcari con Selce Fm; (5) Grisolia Fm; (6) Norian dolomite; (8) fault; and (9) gravitational
slope failure.
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Figure 3. Lithology outcropping in the Verbicaro study area: (A) well-bedded grey to dark dolomites (Norian); (B) massive
dolomites (Norian); (C) alternating dolomites and limestones with intercalations of reddish and yellowish marls strata (Grisolia
Fm, upper Norian/Rhaetian–Hettangian); (D) grey to dark limestones with cherty beds and nodules (E) (Lias-Dogger); (F) coarse
breccia whit calcareous and dolomitic clasts (Maastrichtian–Palaeocene); (G) yellowish metamarls and grey/dark crystalline
limestones (upper part of the Colle Trodo Fm, Middle Eocene–Aquitanian); (H) Stratigraphic contact between Colle Trodo
and Scisti del Fiume Lao Fms (Alberosa locality); (I) metapelites and metarenites (Scisti del Fiume Lao Fm, early Miocene);
(J) colluvial deposits (Holocene); (K) landslide debris (Holocene); (L) NW–SE trending normal fault; (M) particular of the
fault plane of photo (L); (N) NW–SE trending fault zone; (O) NE–SW fault plane overprinted by dip-slip slickenlines; (P)
right-lateral transcurrent indicators overprinted by dip-slip striae; and (Q) high-angle reverse fault cut and offset by NW–
SE trending shear zones.
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breccia clasts (diameters of 2–30 cm) consist mainly of
platform limestone but locally fragments of chert are
also present (Figure 3(F)). These rudites are followed
abruptly by a sequence (which reaches a total thickness
of about 60–80 m) comprising red and green metape-
lite with frequent beds of calcareous turbidites grading
upward to yellowish metamarl and grey/dark crystal-
line limestone (Figure 3(G)). The abundant macro for-
aminifera, characterizing the latter interval, indicate an
Eocene to early Miocene age (Grandjacquet & Grand-
jacquet, 1962). A refined Middle Eocene to Aquitanian
age was obtained by nannoplankton biostratigraphy
(D’Errico, 2004).

The Colle Trodo Fm grades upward to metapelite
and metarenite containing some calcarenite and calcir-
udite beds with micro foraminifera of early Miocene
age (the Flysch del Lao of Damiani, 1970 or Scisti del
Fiume Lao Formation of Burton, 1971). Even though
the basal contact of the Scisti del Fiume Lao is often
sheared, the stratigraphic relationship with the under-
lying formation can be observed at Contrada Alberosa,
north of Verbicaro village (Figure 3(H)). In particular,
above a few metres of turbiditic calcarenite that mark
the beginning of the Scisti del Fiume Lao Formation,
green and grey metapelite (often completely degraded
and argillified) and marl are found with thin intercala-
tions of brown metarenite with parallel and cross lami-
nations (Figure 3(I)). Calcarenite and calcirudite beds
often occur throughout the Miocene succession. Bios-
tratigraphic analysis of the nannoplankton allowed us
to date this interval as not older than Aquitanian–
Lower Burdigalian, based on the presence of the
index species marker Discoasterdruggii and Helico-
sphaeracarteri (Iannace et al., 2007).

Finally, widespread Holocene colluvial soils (Figure
3(J)), slope and landslide debris (Figure 3(K)) predomi-
nantly mantle the Scisti del Fiume Lao Formation; these
remoulded lithotypes form a ‘mélange structure’ made
up of blocks and fragments of different nature (e.g.
phyllite, slate, and metacarbonate) in a primarily clayey
matrix, mainly resulting from the degradation of
phyllite.

From a tectonic point of view, the study area is
cross-cut by two main fault systems mainly striking
NW–SE and NE–SW (Figure 2). The NW–SE fault sys-
tem, clearly recognizable on a morphological basis,
strongly influences the morphology and the drainage
network of the study area juxtaposing the Scisti del
Fiume Lao Formation against the underlying Mesozoic
successions (Figure 2). The NW–SE fault system is
arranged into a south-westward stepwise fault segment,
whose master fault is represented by 3-km-long, SW-
dipping normal fault which crosses the central portion
of the study area (directly upstream of the Verbicaro
town, Figure 3(L)). This first-order fault is character-
ized by a well-developed escarpment, with triangular
and/or trapezoidal facets. At the mesoscale, fault planes

strike from N110E to N160E and dip 50°–80° mostly
toward the SW; the same ones are characterized by
sub-horizontal grooves and striae documenting left lat-
eral strike-slip motions, often superimposed by normal
sub-vertical slickenlines (Figure 3(M)) that testify
mainly normal kinematics induced by the last Quatern-
ary deformational events (Ietto & Ietto, 2011).

Fault zones linked to the NW–SE fault system are
commonly characterized by brittle deformation (Figure
3(N)), including mesoscopic and microscopic perva-
sive fractures, slickensides and fault rocks (e.g. breccia
and cataclastite).

The second fault system, morphologically less evi-
dent and more ancient than the previous one, shows
a NE–SW trend and dip toward NW and SE, respect-
ively; it can be identified by the pattern of second
order streams flowing toward the Abatemarco River
(Figure 2). The main fault segment belonging to this
system may be morphologically identified with the
San Pietro channel which essentially splits the new
and old part of Verbicaro, and juxtaposes the Scisti
del Fiume Lao Formation with the underlying Meso-
zoic and Palaeogene carbonate sequences (Figure 2).
At the mesoscale, the fault planes in some cases show
diversified and overlapping kinematics. The chrono-
logical analysis of such elements indicates that this sys-
tem presents right-lateral motion, followed by dip-slip
displacements, caused by passive reactivation of the
still ongoing tectonics (Figure 3(O,P)).

In addition, transpressional phases along the NE–
SW fault system have most likely induced the extrusion
of the Mesozoic Carbonate rocks over the Scisti del
Fiume Lao Formation in some sectors of the study
area, as well as observed in the old historic centre of
Verbicaro, where a spectacular reverse fault plane is
recognizable in outcrop (Figure 3(Q)).

4. Geomorphological features and mass
movement inventory map

The topographic relief of the Verbicaro study area
ranges from 145 to 1180 m of elevation above sea
level (Figure 1).

The morphology (Figure 1) is very complex and
strongly controlled by geology and tectonics (Ietto
& Ietto, 2011). Particularly, the Quaternary tectonic
uplift (Robustelli, Muto, Scarciglia, Spina, & Critelli,
2005; Scarciglia et al., 2016; Tortorici, Monaco,
Tansi, & Cocina, 1995; Westaway, 1993) and the
related deepening of the hydrographic network
increased the relief energy – giving rise to steep
slopes and deeply cut valleys (e.g. Abatemarco
River and San Petro stream) – and made the slopes
prone to failure (Cigna, Bianchini, & Casagli, 2013;
Conte, Dente, & Guerricchio, 1991; Ferlisi et al.,
2015; Guerricchio, Mastromattei, Ronconi, & Tucci,
1996; Gullà et al., 2000; Nicodemo, Peduto, Ferlisi,
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Gullà, et al., 2017). Slope gradient depends on the
hardness of the different lithological units. Low-relief
landscapes characterized by a milder morphology
with gentle slopes are found where extremely
deformed and chaotic phyllite, marly–clayey and
shale, belonging to the Scisti del Fiume Lao For-
mation, diffusely crop out (for about 70% of the
study area). High-declivity slopes consistently corre-
spond to outcrops of harder rocks (i.e. Mesozoic–
Palaeogene successions, this latter outcropping for
the remaining 30% of the study area), generally form-
ing steep slopes, scarps, and cliffs.

The mass movement inventory map (Figure 4 and
Main Map) shows 252 landslides (of different type,
size, age, and state of activity), with an average density
of about 21 landslides/km2. In particular, the inventory
shows 167 slides, 76 complex/compound phenomena,
5 shallow landslide zones, and 3 wide medium-deep
landslide zones both affected by creep processes, and
a large compound translational block slide (Figure 4).
The mapped landslides range in size from 5 × 102 m2

to 4 × 105 m2, totally affecting an area of 6.76 km2,
namely the 53% of the whole study area. The analysis
of the inventory map revealed that 15% of the mapped
landslides can be considered as active and slow-moving
on pre-existing sliding surfaces (Cigna et al., 2013; Fer-
lisi et al., 2015; Nicodemo, Peduto, Ferlisi, Gullà, et al.,
2017). The landslide activity effects are well recogniz-
able in the whole study area and mainly consist of
deformation and cracking of buildings and roads, and
bending of trees.

The Scisti del Fiume Lao Formation, consisting of
degraded phyllite, slate, and metacarbonate, is exten-
sively affected by several mass movements classified
as complex (slide/flows), slides, and landslide zones
affected by creep processes; moreover, a high spatial
persistence of medium-deep slope failures of different
generations inside pre-existing older and deep land-
slides can be observed (Figure 4).

An extensive landslide area affected by deep creep
movements, and partially masked by the superimposi-
tion of several landslides, affects the slope on the
hydrographic right of the S. Pietro stream (Figures 4
and 5(A)). This landslide area may be easily identified
by aerial photographs through their effects on the slope
morphology, such as irregular slope profiles (undula-
tion and swells of the topographic surface), counter
slopes, changes in the drainage network, and toe
bulging.

Complex landslides (largely classifiable as roto-
translational slides evolving into earth/debris flows)
are randomly widespread in the whole study area
(Figure 4), and mainly located within the morphologi-
cal hollows. Characteristic features of these mass move-
ments consist of gently hummocky topography and
ridges of accumulated material in the toe area, often
causing the deviance of river channels. Many

complex-type landslides show amphitheatre-shaped
upper scarps and elongated bodies (having lengths ran-
ging from 100 to 1500 m) and accumulation zones,
ending with U-shaped toes (Figures 4 and 5(B,C)).
Two wide, old and dormant juxtaposed complex
phenomena, detected by means of aerial photo
interpretation and field controls, are located within
the landslide zone previously described (Figure 5(A)),
and affect all the new developed area of Verbicaro,
where detrital covers outcrop.

Deep and medium-deep roto-translational slides
(the most common type of landslide in the study
area) are widespread along slopes of the San Pietro
stream (Figure 4). Characteristic features of this
type of mass movements can be easily identified by
aerial photographs showing their effects on the
slope morphology (Figure 5(D,E)), such as semicircu-
lar main scarps, secondary downhill and uphill-facing
scarps, counter slopes, landslide terraces, irregular
slope profiles, changes in the drainage network, and
toe bulging (Cruden & Varnes, 1996; Hungr, Ler-
oueil, & Picarelli, 2014; Hutchinson, 1968, 1988;
Varnes, 1978). Many active slides involve and cause
damage to buildings (Figure 5(F,G)) and infrastruc-
ture (Figure 5(H,I)).

The Mesozoic–Palaeogene carbonate hillslopes are
usually affected by limited landslide phenomena (of
slide and complex type) that mainly involve the det-
rital covers (Figures 2 and 4). Nevertheless, combin-
ing photo interpretative analyses and field checks it
was possible to detect and map – in the eastern por-
tion of the study area, about one kilometre upstream
of Verbicaro historic centre – a spectacular example
of large and dormant compound rock-block slide
phenomenon (maximum length and width, respect-
ively, of 1.5 km and 700 m), characterized by topo-
graphic signatures typical of gravity-related
landforms including scarps, conjugate scarps,
trenches (partially covered by colluvial deposits),
and irregular topography where several blocks of car-
bonate rocks, of sizes variable between few cubic
centimetres and decimetres, were observed in outcrop
(Figure 5(J,K)). In addition, the geological survey
allowed identifying the inverted overlapping relation-
ship, due to gravity-driven processes, between the
Mesozoic carbonate units and the Scisti del Fiume
Lao Formation (Figure 5(L)). This assumption was
validated by the Persistent Scatterer Interferometry
(PSI) performed by Cigna et al. (2013).

Finally, in the same context of Meso-Cenozoic car-
bonate rocks, small and localized toppling and rock
falls, whose extension is not easy to map, were
observed. Particularly, these types of phenomena
were found along the crest of a high and narrow
ridge (made by sub-vertical strata of limestone), that
is bordered by steep cliffs, on which the historic centre
of Verbicaro rises (Figure 5(M)). On its top, the narrow
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ridge is characterized by joints opening phenomena
(Figure 5(M)) that along their edges give rise to disar-
ticulated blocks and wedges (often separated by steeply
dipping planes) in an unstable state of equilibrium, that
are very prone to generate planar failures, wedge slides,
falls, and topples (Figure 5(N,O)). The fractures open-
ing phenomena tend to close toward lower parts of the
rocky crest.

5. Field investigations of damage to
buildings

Many structures, especially old buildings resting on
inadequate foundations but also modern buildings
not appropriately designed to bear displacements
induced by landslides, are prone to damage (Nico-
demo, Peduto, Ferlisi, & Maccabiani, 2017; Peduto,
Nicodemo, et al., 2016; Peduto, Nicodemo, et al.,
2017). Therefore, their study can provide useful infor-
mation for retrieving cause–effect relationships (Nico-
demo, Peduto, Ferlisi, & Maccabiani, 2017; Nicodemo,
Peduto, Ferlisi, Gullà, et al., 2017; Peduto, Ferlisi, et al.,

2017; Peduto, Nicodemo, et al., 2017; Peduto, Pisciotta,
et al., 2016) as well as detecting/mapping the landslide
boundaries (Antronico, Borrelli, Coscarelli, & Gullà,
2015) – not easily recognizable in urban environments
– and the definition of their state of activity (Cascini
et al., 2013; Peduto, Borrelli, Antronico, Gullà, & For-
naro, 2016). Moreover, the knowledge of both spatial
distribution and severity levels associated to damage
suffered by affected building allows a better under-
standing of the landslide mechanisms.

Accordingly, in order to improve the mass move-
ment inventory map generated on the basis of geomor-
phological criteria, an extensive campaign of surveys
aimed at recording and classifying the damage to build-
ings of the Verbicaro urbanized area was carried out.
The campaign, consisting of multi-temporal surveys
lasting from April 2013 to October 2014, first focused
on buildings included in evacuation/repair ordinances
delivered by the municipal council and later extended
to the remaining buildings composing the Verbicaro
urbanized area. To this aim, ad hoc predisposed fact-
sheets (Ferlisi et al., 2015; Nicodemo, Peduto, Ferlisi,

Figure 4.Mass movement inventory map of the Verbicaro study area: (1) active (red) and dormant (black) landslide scarp; (2) active
(red) and dormant (black) slide; (3) active (red) and dormant (black) complex landslide; (4) active (red) and dormant (black) landslide
zone affected by creep processes; (5) dormant block slide; (6) trenches; (7) secondary scarps; and (8) dormant debris fan.
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Figure 5. Slope instability phenomena widespread in the study area. (A–I) examples of landslides involving the Scisti del Fiume Lao
Fm: (A) Google Hearth image of the extensive landslide zone (on which two large, complex and dormant landslides are superim-
posed) that affected the entire right slope of the S. Pietro stream; (B–C) typical features of two complex and dormant landslide
phenomena showing amphitheatre-shaped upper scarps and elongated bodies; (D–E) examples of large and dormant slides
and their effects on the slope morphology; (F–G) active slides involving respectively the newly urbanized area and the historic
centre; (H–I) active slides involving respectively provincial and municipal roads. (J–O) landslide phenomena involving the Mesozoic
carbonate rocks: (J–K) panoramic views of a spectacular example of large and dormant compound rock-block slide phenomenon; (L)
gravity-driven superimposition between the Mesozoic carbonate units and the Scisti del Fiume Lao Fm; (M) open fractures and
disarticulated blocks on the top of the narrow ridge (made by subvertical dipping limestones strata) on which the historic centre
of Verbicaro rises; and (N–O) blocks and wedges prone to generate planar failures, wedge slides, falls and/or topples along the
borders of the narrow ridge.
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Gullà, et al., 2017) were completed for a total of 253
reinforced concrete and 239 masonry buildings (Figure
6). These fact-sheets consist of different sections that
allow gathering information on: location of the build-
ing and its description in terms of structural type and
geometrical characteristics; age of construction and
occupancy type; damage (in terms of cracks and/or dis-
junction in the outer walls, distortions and/or tilt, par-
tial collapse) recorded by a visual inspection of the
façades and later ranked according to the adopted
classification system.

Data collected during the damage survey highlight
that 34% (Figure 6) out of the total surveyed reinforced
concrete buildings – mainly built in the early 1960s
(up to 7–8 floors) in the newly developed areas

(Figure 1) – and 50% (Figure 6) of the masonry build-
ings (up to 3 floors) mainly located in the historic
centre (Figure 1) exhibit damage whose severity level
is higher than D0. In particular, 197 out of 253
reinforced concrete and 150 out of 239 masonry sur-
veyed buildings, are within slow-moving landslide-
affected areas and experienced the higher severity levels
(up to D5) when they are located near the scarps or
along landslide boundaries. Furthermore, the collec-
tion and analysis of the information on evacuation/
repair/demolition ordinances delivered by the munici-
pal council in the period 1989–2009 on many masonry
buildings of the historic centre as well as on new
reinforced concrete buildings built in the north-
western urban area, corroborated by the results of in

Figure 6. Map of surveyed buildings distinguished according to the recorded damage severity (D0–D5) based on data collected
during in situ damage survey via ad hoc predisposed fact-sheets for both reinforced concrete and masonry buildings.
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situ surveys, allowed identifying the buildings that
were demolished or subjected to renovation works
(Figure 6).

The collected data proved helpful for landslide
inventory mapping activities especially in the historic
centre (Figure 1) where the urban fabric is character-
ized by contiguous masonry buildings that make diffi-
cult – on the basis of geomorphological criteria only –
the recognition of the landslide boundaries and, more
in general, the distinction of different landslide bodies.
On the other hand, in the newly developed area (Figure
1) where a given building can be considered as isolated
(i.e. its behaviour is independent from adjacent build-
ings), the multi-temporal damage surveys led to a
reliable identification of the different features pertain-
ing to a given landslide (Cruden & Varnes, 1996)
along with the definition of its state of activity.

6. Conclusions

This paper focused on the generation of a mass move-
ment inventory map concerning the Verbicaro study
area that extends for about 13 km2 in the northern
Calabrian Coastal Range (southern Italy).

This area is a representative case study were lithol-
ogy (i.e. degraded, broken, and fissured phyllites
belonging to the Scisti del Fiume Lao Formation), tec-
tonic setting, high relief and steep slopes predispose
and control the development of widespread landslides.

The Main Map was obtained by combining the
information gathered from multi-temporal aerial
photo interpretation and field surveys with data on
the damage severity levels suffered by landslide-
exposed buildings. A total of 252 landslides (covering
about 53% of the whole study area) of different types,
states of activity, and sizes were mapped. They com-
monly consist of multiple and superimposed bodies,
thus confirming that the spatial distribution of recent
landslides is influenced by one of the pre-existing
phenomena; moreover, 15% out of mapped landslides
were recognized as active and very slow-moving on
the buried sliding surfaces. On the other hand, 347
buildings (197 reinforced concrete and 150 masonry),
located within slow-moving landslide-affected areas,
were damaged; among these, 34% of reinforced con-
crete buildings and 50% of masonry ones exhibited
damage levels spanning from very slight to very severe.
The collected data allowed us to improve the mapping
of landslide boundaries – not easily recognizable in
urban environments only using geomorphological cri-
teria – and defining, in many cases, their state of
activity.

The produced Main Map can represent a useful tool
to carry out consequence analyses aimed at identifying
and selecting the most appropriate strategies for land-
slide risk mitigation and properly addressing restor-
ation and adaptation policies.

Software

The mass movement map and related layout (Figures 1,
2, 4, and Main Map) were generated via ESRI ArcGIS
10.0. Corel Draw X6 was used for compiling Figures
3, 5, and 6.

Acknowledgements

This work was partially carried out under the Project
DTA.AD003.077.001 ‘Tipizzazione di eventi di dissesto
idrogeologico’ of the CNR Department of ‘Scienze del Sis-
tema Terra e Tecnologie per l’Ambiente’. The work is also
framed within the research agreement between the Research
Institute for Geo-Hydrological Protection, National
Research Council of Italy and the Department of Civil
Engineering of the University of Salerno on ‘Attività di
ricerca mirate ad approfondire le conoscenze sulla tipizza-
zione di movimenti franosi a cinematica lenta e sulla vulner-
abilità di strutture e infrastrutture che con essi interagiscono
anche mediante l’impiego di tecniche innovative di monitor-
aggio satellitare e da terra’. The authors wish to thank the
Municipality of Verbicaro that has kindly provided the
orthophoto (year 2012) used as background of Figures 4
and 6.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Luigi Borrelli http://orcid.org/0000-0003-2833-788X
Gianfranco Nicodemo http://orcid.org/0000-0002-3512-
8405
Settimio Ferlisi http://orcid.org/0000-0003-0500-3369
Dario Peduto http://orcid.org/0000-0003-3435-642X
Giovanni Gullà http://orcid.org/0000-0003-1165-4782

References

Antronico, L., Borrelli, L., Coscarelli, R., & Gullà, G. (2015).
Time evolution of landslide damages to buildings: The
case study of Lungro (Calabria, southern Italy). Bulletin
of Engineering Geology and the Environment, 74, 47–59.

Antronico, L., Borrelli, L., Coscarelli, R., Pasqua, A. A.,
Petrucci, O., & Gullà, G. (2013). Slope movements
induced by rainfalls damaging an urban area: The
Catanzaro case study (Calabria, southern Italy).
Landslides, 10, 801–814.

Bonardi, G., Cello, G., Perrone, V., Tortorici, L., Turco, E., &
Zuppetta, A. (1982). The evolution of the northern sector
of the Calabria-Peloritani Arc in a semiquantitative palin-
spastic restoration. Bollettino della Società Geologica
Italiana, 101, 259–274.

Borrelli, L., Antronico, L., Gullà, G., & Sorriso-Valvo, G. M.
(2014). Geology, geomorphology and dynamics of the 15
February 2010 Maierato landslide (Calabria, Italy).
Geomorphology, 208, 50–73.

Borrelli, L., Critelli, S., Gullà, G., & Muto, F. (2015).
Weathering grade and geotectonics of the western-central
Mucone River basin (Calabria, Italy). Journal of Maps, 11,
606–624.

42 L. BORRELLI ET AL.

https://doi.org/10.1080/17445647.2018.1425164
https://doi.org/10.1080/17445647.2018.1425164
https://doi.org/10.1080/17445647.2018.1425164
http://orcid.org/0000-0003-2833-788X
http://orcid.org/0000-0002-3512-8405
http://orcid.org/0000-0002-3512-8405
http://orcid.org/0000-0003-0500-3369
http://orcid.org/0000-0003-3435-642X
http://orcid.org/0000-0003-1165-4782


Borrelli, L., & Gullà, G. (2017). Tectonic constraints on a
deep-seated rock slide in weathered crystalline rocks.
Geomorphology, 290, 288–316.

Borrelli, L., & Muto, F. (2017). Geology and mass move-
ments of the Licetto River catchment (Calabrian coastal
range, southern Italy). Journal of Maps, 13, 588–599.

Brardinoni, F., Slaymaker, O., & Hassan, M. A. (2003).
Landslide inventory in a rugged forested watershed: A
comparison between air-photo and field survey data.
Geomorphology, 54, 179–196.

Brunsden, D. (1993). Mass movements; the research frontier
and beyond: A geomorphological approach.
Geomorphology, 7, 85–128.

Burland, J. B., Broms, B. B., & de Mello, V. F. B. (1977).
Behaviour of foundations and structures. In SOA Report.
Proceedings of 9th international conference on SMFE,
Tokyo (Vol. 2, pp. 495–546).

Burton, A. N. (1971). Carta geologica della Calabria alla scala
1:25 000. Relazione generale, Cassa per il Mezzogiorno,
Servizio Bonifiche, Roma.

Calcaterra, D., & Parise, M. (2005). Landslide types and their
relationships with weathering in a Calabrian basin,
southern Italy. Bulletin of Engineering Geology and the
Environment, 64, 193–207.

Cascini, L., Peduto, D., Pisciotta, G., Arena, L., Ferlisi, S., &
Fornaro, G. (2013). The combination of DInSAR and
facility damage data for the updating of slow-moving
landslide inventory maps at medium scale. Natural
Hazards and Earth System Sciences, 13, 1527–1549.

Cigna, F., Bianchini, S., & Casagli, N. (2013). How to assess
landslide activity and intensity with Persistent Scatterer
Interferometry (PSI): The PSI-based matrix approach.
Landslides, 10, 267–283.

Compagnoni, B., & Damiani, A. V. (1971). Note illustrative
della Carta Geologica d’Italia. Foglio 220 Verbicaro,
Servizio Geologico d’Italia.

Conforti, M., Muto, F., Rago, V., & Critelli, S. (2014).
Landslide inventory map of north-eastern Calabria
(South Italy). Journal of Maps, 10, 90–102.

Conte, E., Dente, G., & Guerricchio, A. (1991). Landslide
movements in complex geological formations at
Verbicaro, Southern Italy. In D. H. Bell (Ed.), Landslides
(pp. 47–52). Rotterdam: Balkema.

Cooper, A. H. (2008). The classification, recording, databas-
ing and use of information about building damage caused
by subsidence and landslides. Quarterly Journal of
Engineering Geology and Hydrogeology, 41(3), 409–424.
doi:10.1144/1470-9236/07-223

Corominas, J., van Westen, C., Frattini, P., Cascini, L., Malet,
J. P., Fotopoulou, S.,… Smith, J. T. (2014).
Recommendations for the quantitative analysis of land-
slide risk. Bulletin of Engineering Geology and the
Environment, 73, 209–263. doi:10.1007/s10064-013-
0538-8

Cruden, D. M., & Varnes, D. J. (1996). Landslide types and
processes. In A. K. Turner & R. L. Schuster (Eds.),
Landslides, investigation and mitigation. Transportation
Research Board Special Report 247 (pp. 36–75),
Washington, DC.

Damiani, A. V. (1970). Osservazioni geologiche in alcune
tavolette del F°220 della Calabria nord-occidentale.
Bollettino della Società Geologica Italiana, 89, 65–96.

D’Errico, M. (2004). L’evoluzione tettono-stratigrafica
dell’Unità di Verbicaro Auct. tra il Giurassico ed il
Miocene e sue relazioni con le unità interne
Appenniniche. Tesi di Dottorato di Ricerca, Università
di Napoli Federico II, pp. 350.

Dramis, F., & Sorriso-Valvo, M. (1994). Deep-seated gravita-
tional slope deformations, related landslides and tectonics.
Engineering Geology, 38, 231–243.

Fell, R., Corominas, J., Bonnard, C. H., Cascini, L., Leroi, E.,
& Savage, W. Z. on behalf of the JTC-1 Joint Technical
Committee on Landslides and Engineered Slopes.
(2008). Guidelines for landslide susceptibility, hazard
and risk zoning for land use planning. Engineering
Geology, 102, 85–98.

Ferlisi, S., Peduto, D., Gullà, G., Nicodemo, G., Borrelli, L., &
Fornaro, G. (2015). The use of DInSAR data for the analy-
sis of building damage induced by slow-moving land-
slides. In G. Lollino, D. Giordan, G. B. Crosta, J.
Corominas, R. Azzam, J. Wasowski, & N. Sciarra (Eds.),
Engineering geology for society and territory (Vol. 2, pp.
1835–1839). Torino: Springer. Cham 15–19 September
2014. doi:10.1007/978-3-319-09057-3_325

Grandjacquet, C., & Grandjacquet, M. J. (1962). Geologie de
la zone de Diamante–Verbicaro (Calabre). Geologica
Romana, 1, 297–312.

Guerricchio, A., Mastromattei, R., Ronconi, M. L., & Tucci,
G. (1996). Deep seated gravitational slope deformations
and large landslides in limestones and in complex geologi-
cal formations at Verbicaro town (Calabria region
southern Italy). Proceedings of 7th international sym-
posium on landslides. Trondheim, Norway.

Gullà, G., Aceto, L., Antronico, L., Borrelli, L., Greco, R.,
Niceforo, D., & Sorriso-Valvo, M. (2000). VOLUME 2 –
Verbicaro. Elaborati per Convenzione di ricerca tra
CNR-IRPI e Presidenza del Consiglio dei Ministri-
Dipartimento per i Servizi Tecnici Nazionali:
Progettazione esecutiva per la rete nazionale di monitor-
aggio frane. Sezione territoriale della Regione Calabria
(in Italian).

Gullà, G., Ferlisi, S., Nicodemo, G., & Peduto, D. (2017). Un
approccio metodologico per la gestione del rischio in aree
urbane affette da frane a cinematica lenta. In La
Geotecnica nella Conservazione e Tutela del Patrimonio
Costruito (Vol. 2, pp. 595–603). Roma: Associazione
Geotecnica Italiana. Roma, 20–22 June 2017. ISBN: 978-
8897517-09-2.

Gullà, G., Peduto, D., Borrelli, L., Antronico, L., & Fornaro,
G. (2017). Geometric and kinematic characterization of
landslides affecting urban areas: The Lungro case study
(Calabria, Southern Italy). Landslides, 14(1), 171–188.

Guzzetti, F., Mondini, A. C., Cardinali, M., Fiorucci, F.,
Santangelo, M., & Chang, K. T. (2012). Landslide inven-
tory maps: New tools for an old problem. Earth-Science
Reviews, 112, 42–66.

Hungr, O., Leroueil, S., & Picarelli, L. (2014). The Varnes
classification of landslide types, an update. Landslides,
11, 167–194.

Hutchinson, J. N. (1968). Mass movement. In R. W.
Fairbridge (Ed.), Encyclopedia of geomorphology (pp.
688–695). New York, NY: Reinhold Publishers.

Hutchinson, J. N. (1988). General report: Morphological and
geotechnical parameters of landslides in relation to
geology and hydrogeology. In C. Bonnard (Ed.),
Proceedings, fifth international symposium on landslides
(Vol. 1, pp. 3–35). Rotterdam: Balkema.

Iannace, A., Bonardi, G., D’Errico, M., Mazzoli, S., Perrone,
V., & Vitale, S. (2005). Structural setting and tectonic evol-
ution of the Apennine Units of Northern Calabria.
Tectonics, 337, 1541–1550.

Iannace, A., Vitale, S., D’errico, M., Mazzoli, S., Di Staso, A.,
Macaione, E.,… Bonardi, G. (2007). The carbonate tec-
tonic units of northern Calabria (Italy): A record of

JOURNAL OF MAPS 43

https://doi.org/10.1144/1470-9236/07-223
https://doi.org/10.1007/s10064-013-0538-8
https://doi.org/10.1007/s10064-013-0538-8
https://doi.org/10.1007/978-3-319-09057-3_325


Apulian palaeomargin evolution and Miocene conver-
gence, continental crust subduction, and exhumation of
HP–LT rocks. Journal of the Geological Society, 164,
1165–1186.

Ietto, A., Barillaro, A. M., Calligaro, G., & Mancuso, C.
(1992). Elementi per una revisione dei rapporti
Appenninico-Arco Calabro. Bollettino della Società
Geologica Italiana, 111, 193–215.

Ietto, A., & Ietto, F. (1998). Sviluppo e annegamento di un
sistema carbonatico piattaforma-bacino nel Trias super-
iore della Catena Costiera Calabrese (Development and
drowning of a platform-basin carbonate system in the
Calabrian Coastal Chain during Late Triassic). Bollettino
della Società Geologica Italiana, 117, 313–331.

Ietto, A., & Ietto, F. (2011). Note Illustrative Della Carta
Geologica D’Italia Alla Scala 1: 50.000, Foglio 542,
Verbicaro. Servizio Geologico d’Italia. Litografia
Artistica Cartografica, Firenze. Retrieved from http://
www.isprambiente.gov.it/Media/carg/note_illustrative/
542_Verbicaro.pdf

Ietto, F., Perri, F., & Cella, F. (2016). Geotechnical and
landslide aspects in weathered granitoid rock masses
(Serre Massif, southern Calabria, Italy). Catena, 145,
301–315.

Nicodemo, G., Peduto, D., Ferlisi, S., Gullà, G., Borrelli, L.,
Fornaro, G., & Reale, D. (2017). Analysis of building vul-
nerability to slow-moving landslides via A-DInSAR and
damage survey data. In M. Mikos, B. Tiwari, Y. Yin, &
K. Sassa (Eds.), Springer International Publishing AG
2017, Advancing Culture of Living with Landslides –
Proceedings of the 4th World Landslide Forum – WLF
2017 (pp. 889–907). Ljubljana, Slovenia. doi:10.1007/
978-3-319-53498-5_102.

Nicodemo, G., Peduto, D., Ferlisi, S., & Maccabiani, J. (2017).
Investigating building settlements via very high resolution
SAR sensors. In J. Bakker, D. M. Frangopol, & K. van
Breugel (Eds.), Life-cycle of engineering systems:
Emphasis on sustainable civil infrastructure (pp. 2256–
2263). London, Delft: CRC Press/Balkema, Taylor &
Francis Group. October 16–19, 2016. ISBN: 978-1-138-
02847-0.

Peduto, D., Borrelli, L., Antronico, L., Gullà, G., & Fornaro,
G. (2016). An integrated approach for landslide character-
ization in a historic centre. Landslides and engineered
slopes. Experience, theory and practice. In S. Aversa,
L. Cascini, L. Picarelli, & C. Scavia (Eds.), Proceedings of
the 12th international symposium on landslides (Vol. 3,
pp. 1575–1581). Napoli, Italy: CRC Press/Balkema.
12–19 June 2016, P.O. Box 11320, 2301 EH Leiden, The
Netherlands, © 2016 Associazione Geotecnica Italiana,
Rome, Italy. ISBN 978-1-138-02988-0, doi:10.1201/
b21520-195.

Peduto, D., Ferlisi, S., Nicodemo, G., Reale, D., Pisciotta, G.,
& Gullà, G. (2017). Empirical fragility and vulnerability
curves for buildings exposed to slow-moving landslides

at medium and large scales. Landslides, 14(6), 1993–
2007. doi:10.1007/s10346-017-0826-7

Peduto, D., Nicodemo, G., Maccabiani, J., & Ferlisi, S. (2017).
Multi-scale analysis of settlement-induced building
damage using damage surveys and DInSAR data: A case
study in The Netherlands. Engineering Geology, 218,
117–133. doi:10.1016/j.enggeo.2016.12.018

Peduto, D., Nicodemo, G., Maccabiani, J., Ferlisi, S.,
D’Angelo, R., & Marchese, A. (2016). Investigating the
behaviour of buildings with different foundation types
on soft soils: Two case studies in The Netherlands. In
G. Gottardi, et al. (Eds.), VI Italian conference of research-
ers in geotechnical engineering, CNRIG2016 – Geotechnical
engineering in multidisciplinary research: From microscale
to regional scale (Vol. 158, pp. 529–534). September 22–
23, 2016, Bologna (Italy). Procedia Engineering. https://
doi.org/10.1016/j.proeng.2016.08.484

Peduto, D., Pisciotta, G., Nicodemo, G., Arena, L., Ferlisi, S.,
Gullà, G., … Reale D. (2016). A procedure for the analy-
sis of building vulnerability to slow-moving landslides. In
P. Daponte & A. L. Simonelli (eds.), Proceedings of the 1st
IMEKO TC4 international workshop on metrology for geo-
technics (pp. 248–254). Benevento, Italy, March 17–18,
2016. ISBN 978-92-990075-0-1.

Perri, E., Mastrandrea, A., Neri, C., & Russo, F. (2003). A
micrite-dominate Norian carbonate platform from north-
ern Calabria (Southern Italy). Facies, 49, 101–118.

Rib, H. T., & Liang, T. (1978). Recognition and identifi-
cation. In R. L. Schuster & R. J. Krizek (Eds.), Landslide
analysis and control. Transportation Research Board
Special Report 176 (pp. 34–80). Washington, DC:
National Academy of Sciences.

Robustelli, G., Muto, F., Scarciglia, F., Spina, V., & Critelli, S.
(2005). Eustatic and tectonic control on Late Quaternary
alluvial fans along the Tyrrhenian Sea coast of Calabria
(South Italy). Quaternary Science Review, 24, 2101–2119.

Scarciglia, F., Critelli, S., Borrelli, L., Coniglio, S., Muto, F., &
Perri, F. (2016). Weathering profiles in granitoid rocks of
the Sila Massif uplands, Calabria, southern Italy: New
insights into their formation processes and rates.
Sedimentary Geology, 336, 46–67.

Sorriso-Valvo, M., & Tansi, C. (1996). Grandi frane e defor-
mazioni gravitative profonde di versante della Calabria.
Note illustrative per la carta al 250.000. Geografia Fisica
e Dinamica Quaternaria, 19, 395–408.

Tortorici, L., Monaco, C., Tansi, C., & Cocina, O. (1995).
Recent and active tectonics in the Calabrian Arc (southern
Italy). Tectonophysics, 243, 37–55.

Varnes, D. J. (1978). Slope movement types and processes. In
R. L. Schuster & R. J. Krizek (Eds.), Landslides, analysis
and control, special report 176 (pp. 11–33). Washington,
DC: Transportation Research Board, National Academy
of Sciences.

Westaway, R. (1993). Quaternary uplift of Southern Italy.
Journal of Geophysical Research, 98, 21.741–21.772.

44 L. BORRELLI ET AL.

http://www.isprambiente.gov.it/Media/carg/note_illustrative/542_Verbicaro.pdf
http://www.isprambiente.gov.it/Media/carg/note_illustrative/542_Verbicaro.pdf
http://www.isprambiente.gov.it/Media/carg/note_illustrative/542_Verbicaro.pdf
https://doi.org/10.1007/978-3-319-53498-5_102
https://doi.org/10.1007/978-3-319-53498-5_102
https://doi.org/10.1201/b21520-195
https://doi.org/10.1201/b21520-195
https://doi.org/10.1007/s10346-017-0826-7
https://doi.org/10.1016/j.enggeo.2016.12.018
https://doi.org/10.1016/j.proeng.2016.08.484
https://doi.org/10.1016/j.proeng.2016.08.484

	Abstract
	1. Introduction
	2. Materials and method
	3. Geology and tectonics
	4. Geomorphological features and mass movement inventory map
	5. Field investigations of damage to buildings
	6. Conclusions
	Software
	Acknowledgements
	Disclosure statement
	ORCID
	References

