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SCIENCE
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aDepartment of Science, University of Basilicata, Potenza, Italy; bDepartment of Geology and Geophysics, School of Geosciences,
University of Aberdeen, Aberdeen, UK; cInstitute of Methodologies for Environmental Analysis, National Research Council (IMAA-CNR),
Tito Scalo (Potenza), Italy

ABSTRACT
The Fiumarella di Corleto drainage basin is an emblematic sector of the southern Apennine
thrust belt in the Basilicata region (Southern Italy), which is strongly affected by landslides.
Landslides both affect the urban area and the facilities related to hydrocarbon exploitation,
such as the pipelines and oil wells connected with the oil centre located just outside the
eastern border of the study area. Based on a detailed field survey, supported by
stereoscopic analysis, a landslide inventory map has been realized, which also reports the
associated processes and landforms. The relationships between the different types of
landslides and the various predisposing factors like outcropping lithologies, slopes
steepness, slope exposition and land use have been also investigated. The acquired data
relate to a geologically complex area of the southern Apennines subject to recent uplift and
represent a fundamental contribution useful for the correct management of the territory.
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1. Introduction

The southern Apennine sector of the Basilicata region
is subject to high hydrogeological risk. Landslides are
considered among the most important factors of
regional risk and their occurrence is linked to the geo-
logical complexity and both the geomorphological and
climatic history. Landslides are also linked to natural
factors, as lithostratigraphic setting of the slopes,
eustatic and climatic variations, neotectonic uplift,
seismic events and surface erosion processes, fre-
quently influenced by anthropic activities. Moreover,
destabilizing factors may result from uncontrolled
and often unconscious human activities.

Here we focus on the factors that determine the land-
slide hazard in the ‘Fiumarella di Corleto’ stream (FdC)
drainage basin. The aim is to identify several geomor-
phological indexes preparatory to the study of landslide
susceptibility in GIS environment (Carrara et al., 1995;
Lazzari & Gioia, 2016; Lazzari & Piccarreta, 2018; Pack
et al., 2005; Terhorst & Kreja, 2009). A landslide inven-
torymap (LIM), consisting of several information layers
(Lazzari et al., 2018; Guzzetti et al., 2012), was also cre-
ated. It shows the location, extent, type of landslides
and their activity status.

We also correlate the different types of landslides
and their state of activity with the main predisposing
factors like outcropping lithologies, slope steepness,
slope exposure and land use management.

The acquisition of geomorphological data is useful
for land management, hazard assessment and the col-
lection of information on the susceptibility of land-
slides in a sector of the southern Apennine chain
subject to rapid uplift.

2. Methods

The entire area of the FdC drainage basin, extending
for approximately 50 km2, was interested in a geologi-
cal field survey which has allowed to highlight both the
stratigraphic and structural aspects. The results are
shown in the geological map of the main map on a
scale 1:10,000 ortho-maps of the Basilicata Region
(https://rsdi.regione.basilicata.it), following the
approach adopted by Bentivenga et al. (2012, 2014,
2016, 2019, 2021).

The geomorphological aspects were analysed by
means of a stereoscopic study carried out using the
IGM (Istituto Geografico Militare) aerial photos relat-
ing to the 2003 flight at a 1: 33,000 scale and the more
recent high-resolution Google Earth images. Sub-
sequently, the different morphologies were validated
in the field. The LIM of the FdC drainage basin was
created taking into account previous works, such as
the results of the National Projects ‘Inventario dei
Fenomeni Franosi in Italia’ (IFFI), Piano stralcio per
la difesa dal rischio idrogeologico (PAI), Aree
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Vulnerate Italiane (AVI) and Studio dei Centri Abitati
Instabili (SCAI) (Guzzetti et al., 1994, 2000; Trigila
et al., 2010) and also includes the classification of all
the detected morphologies such as trenches, detach-
ment scarps, etc.

Landslides were classified according to Varnes
(1978) and checked for their state of activity, detecting
any damage to potentially involved anthropic struc-
tures (Cruden & Varnes, 1996). The state of activity
of each individual landslide has been mainly defined
from observations carried out on all the infrastruc-
tures and in particular on the linear infrastructures.
Observations include the presence of buildings
affected by fractures generated by the activity of
large landslides and damaged roads crossed by land-
slide bodies. In the latter case, roads that serve several
farms in the area require continuous maintenance
works to ensure their practicability.

Moreover, a statistical analysis was performed in a
GIS environment to quantify the distribution of
mass movements and to outline the relationships of
landslide distribution with lithology, topography
(slope and aspect) and land use. The analysis of predis-
posing factors was obtained by carrying out a statisti-
cal analysis on the detected landslides. This takes into
account the distribution of landslide areas and their
frequency (Guzzetti et al., 2002).

Furthermore, all the relationships existing between
landslides and geological and geomorphological fea-
tures have been highlighted.

To this end, a lithological map (see the LIM in the
Main Map), derived from the geological map was
reported.

To highlight the relationships between landslide
and topography, other thematic maps have been cre-
ated, such as that of slope steepness and slope
exposure.

In the slope map, nine slope classes ranging from 0
(flat) to more than 35° (very steep) have been con-
sidered. Such a detailed classification needs to better
define the slope interval or intervals in which land-
slides mainly occur. In the aspect map, eight aspect
classes were identified with a 45°-degree interval.

To detect the role of land use, a soil use map was
derived from Corine Land Cover project (Corine
Land Cover project, 2014), by considering the third
hierarchical level. Specifically, we distinguished:
Urban areas; Arable lands; Olive groves; Hetero-
geneous agricultural areas; Forest areas; Uncultivated
areas; Alluvial areas.

3. Study area

3.1. Regional geological setting

The drainage basin of the ‘Fiumarella di Corleto’
stream (FdC) resides in the external sector of the

southern Apennines fold-and-thrust belt (Figure 1(a,
b)). The southern Apennines accretion wedge devel-
oped from the Upper Oligocene-Lower Miocene
onwards as a result of the deformation towards NE
of different Meso-Cenozoic paleodomains, originally
located between the African and European passive
margins (Patacca & Scandone, 2007 and reference
therein).

The main units outcropping in this sector are rep-
resented by the Sannio and Sicilide units with associ-
ated Miocene and Pliocene thrust-top deposits
(Patacca & Scandone, 2007) represented respectively
by Gorgoglione Formation and the Sant’Arcangelo
units. Other units are represented by the Torrente
Cerreto Unit and Incertae Sedis deposits (see the tec-
tono-stratigraphic organization proposed in the
main geological Map).

The Sicilide and Sannio units mainly occur in the
western slope of the FdC drainage basin where they
form imbricate-fan structures (Bonini & Sani, 2000;
Carbone et al., 1991; Cavalcante F. et al., 2015; Lentini
et al., 2002).

According to the existing literature (Bentivenga
et al., 2015; Carbone et al., 1988, 1991; Cavalcante
et al., 2003, 2007, 2015; Lentini, 1979; Lentini et al.,
2002) the Sicilide Unit sequence, exposed in the western
and southern sectors of the study area, consist of: (i)
Upper Cretaceous chaotic varicoloured shales including
calcareous fragments, calcarenites and calcilutites per-
taining to the Argille Varicolori Inferiori (Cav in the
main geological map); (ii) Palaeocene calcareous
marls, shales, calcilutites, calcarenites, rudstones and
sandstones (Figure 2(a)) pertaining to of the Monte
Sant’Arcangelo Formation (Pc in the main geological
map); (iii) Eocene-Oligocene shales, limestones, calcar-
eous marls, clayey marls, shales and calcilutites with
rare intercalations of the turbiditic arenaceous layers
(Figure 2(b)) pertaining to the Argille Varicolori Super-
iori Formation (EOav’ in the main geological map); (iv)
Upper Oligocene – Lower Miocene lithic arkose are-
nites, calcilutites, calcarenites, marls and shales (Figure
2(c)) pertaining to the Arenaria di Corleto (OMar in
the main geological map).

The Sannio Unit (Cavalcante et al., 2011 and refer-
ence therein) represents the detached Cretaceous-
Miocene sequence of the Lagonegro basin (Carbone
et al., 1988; Palladino et al., 2013) and, in the study
area, is represented by Upper Cretaceous to Eocene
alternance of calciturbidites and red clays (Figure 2
(d)) pertaining to the Flysch Rosso Auctorum p.p.
(CEc in the geological main map); (Cavalcante et al.,
2011; Patacca & Scandone, 2007).

The Torrente Cerreto Unit consists of Cretaceous
to lower Miocene chaotic varicoloured clay and shales
including blocks from older tectonic units. This unit is
interpreted as an olistostrome (CMav in the main geo-
logical map) (Figure 2(e)).
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Incerte Sedis units consist of varicoloured clays and
shales named as Undifferentiated Varicoloured Clays
with uncertain stratigraphic position (COav in the
main geological map).

The late Burdigalian to Tortonian Gorgoglione
Formation (Boenzi & Ciaranfi, 1970; Giannandrea
et al., 2016) is widely exposed in the north-eastern sec-
tor of the study area and unconformably lies above the
deposits of the Sicilide Units (Lentini et al., 2002) (see
the geological map in the Main Map).

The succession of the Gorgoglione Formation
consists of turbiditic sandstones, pelites and subordi-
nately conglomerates organized into three main tur-
bidity systems (Boiano, 1997). The entire sequence
can reach a thickness of about 600 m; it can be
divided into the following three stratigraphic
intervals:

- the upper interval consists of grey sandstones, silty
marls and grey clayey silts and polygenic con-
glomerates (Arenaceous-conglomeratic lithofa-
cies) (Figure 2(f) see ‘Mac’ in the geological map);

- the intermediate interval consists of alternating
clayey silts, marly clays and greyish quartz-felds-
pathic sandstones (Arenaceous-pelitic lithofacies)
(Sector 1 in Figure 2(g) ‘Mar’ in the geological
map);

- the lower interval consists of alternating blue-grey
clayey silts and thin-bedded arenites (Clayey
lithofacies) (Sector 2 in Figure 2(g) ‘Mag’ in the
geological map).

In the southern sector of the FdC drainage basin
marine Pliocene yellowish sands with intercalations
of sandstone layers (Ps in the main geological map)
croup-out. These deposits pertain to the thrust-sheet
top Sant’Arcangelo Basin (Carbone et al., 1991).

The main tectonic structures are represented by a
series of NNW-SSE oriented thrusts (Carbone et al.,
1991; Cavalcante F. et al., 2015; Lentini et al., 2002)
and back-thrusts (Bonini & Sani, 2000; Cavalcante
F. et al., 2015; Piedilato & Prosser, 2005) exposed along
both sides of the FdC (see the geological map in the
MainMap). Along the right side of the FdC, the Sicilide
Units tectonically overlie the Gorgoglione Formation
through a major thrust fault. Splays of the main thrust
surface cause the tectonic doubling of the units at the
hanginwall. Along the left side, at the base of the
Monte Tavernaro - Cima San Pietro Ridge, a series of
NNW-SSEorientedback-thrusts cause the superimposi-
tionofundifferentiatedvaricolouredclay (referred to the
Sannio and/or Sicilide Units) on the Gorgoglione For-
mation (Tempa Rossa Back-thrusts; Bonini & Sani,
2000; Piedilato & Prosser, 2005), (see the cross-section
A-A′ in geological map). Contractional structures are
interrupted southward by theNW-trending Scorciabuoi
Fault (Patacca & Scandone, 2001) (Figure 1(b)). This
younger tectonic lineament is a left-lateral strike-slip
fault of Early Pleistocene age, later reactivated as a nor-
mal fault (Camarlinghi et al., 1994; Pieri et al., 1997).

3.2. Geomorphological setting of the study area

The FdC drainage basin area is oriented NNW-SSE
and is located to North of the Corleto Perticara village.
The area is characterized by a predominantly moun-
tainous landscape and only the lower part of the drai-
nage basin falls within the hilly altimetric belt. The
closure point of the drainage basin is located SSE of
the Corleto Perticara village. The main reliefs are rep-
resented to the north by Tavernaro Mount (1390 m
a.s.l.) from which the NW-SE oriented Caperrino
ridge starts, which delimits the north-eastern part of
the entire catchment area of the ‘FdC’ (see the LIM

Figure 1. (a) Geological sketch map of the southern Apennine (Bentivenga et al., 2004; 2015 mod.); (b) Tectonic sketch map of the
front of the chain (Bentivenga et al., 2005 mod.). The rectangle indicates the study area.
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map in the Main Map). Proceeding from NW towards
SE along the Caperrino ridge, the main reliefs encoun-
tered are: Tempa San Nicola (1455 m a.s.l.), Burrone

Petroso (1276 m a.s.l.), Balzo del Prete (1154 m
a.s.l.), Cima San Pietro (1160 m a.s.l.) and in the SE
sector Tempa di Fabio (736 m a.s.l.). On the left side

Figure 2. Photographs of the main lithologies outcropping in the study area. (a) Monte Sant’Arcangelo Fm; (b) Argille Varicolori
Superiori Fm: alternating shales and carbonates; (c) Arenarie di Corleto; (d) Flysch Rosso Auctorum p.p. Fm; (e) Varicoloured Clays
(Torrente Cerreto Unit); (f) Gorgoglione Fm: Arenaceous-conglomerate; (g) Gorgoglione Fm: Arenaceous-pelitic lithofacies (sector
1), Clayey lithofacies (sector 2).
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of the ‘FdC’ we encounter Tempa Coriana (1132 m
a.s.l.) to the NW and Tempa Lata (1303 m a.s.l.),
Tempa Zaccanella (1131 m a.s.l.), Tempa Santa
Maria (952 m a.s.l.) proceeding towards SE.

The south-eastern portion of the drainage basin lar-
gely coincides with clayey outcrops giving rise to
gently inclined slopes which are affected by numerous
landslides. The drainage basin area has a well-devel-
oped hydrographic network, with the main course
which originates at the Tavernaro Mount and pro-
ceeds first towards SW (transverse or ‘anti-Apennine’
valley) and then, near San Michele, deviates towards
the SE (longitudinal or ‘Apennine’ valley) until its
confluences in the mainstream presented by the
Sauro River (see the Main Map). The slopes are
marked by numerous ditches characterized by active
erosional processes. In many cases, the ditches delimit
the medium-low part of the main landslide bodies.
The erosional processes along watercourses and the
widespread occurrence of landslides along the slopes
could be related to the rapid tectonic uplift taking
place in the area from the late Pliocene to the late
Pleistocene (Schiattarella et al., 2003). Numerous

landslides have developed and many of them affect
the entire slope, such as the Tempa d’Emma and
Balzo del Prete landslides (Figure 3).

Landslides are mainly responsible for the shaping of
the slopes and for this reason their census, classification
and state of activity have been established. Most of the
slope profiles are characterized by rough and accentu-
ated morphologies, mainly due to lithological vari-
ations and landslides. In different areas of the FdC
drainage basin, characterized bymoderate slope accliv-
ity, slow and shallowmovements of the regolith, such as
the solifluction, are evident. This affects slopes where
clayey-silty lithologies are exposed. These rock-types,
if subject to imbibition, tend to move along the slope
giving rise to a landscape characterized by terraces
and ripples. The landscape has also been modified by
human activities, which included the use ofmechanical
devices in the last 50 years. The landscape has been
modified by agricultural practices, the construction of
numerous municipal roads, platforms for oil wells
and other excavation works connected to the exploita-
tion of hydrocabons in the area. Human activities are
sometimes responsible for the slope destabilization.

4. Results and discussions

4.1. The Landslide Inventory Map

A LIM at a 1: 25,000 scale (see Main Map), classified
by Guzzetti et al. (2012) as a medium-scale landslide
inventory, has been prepared.

Figure 3. Example of landslides affecting the left slope of the Fiumarella di Corleto (Google Earth image). The Tempa d’Emma and
Balzo del Prete earth flows involve different lithologies and infrastructures such as buildings, roads, etc.

Table 1. Spatial distribution of the landslide typologies
mapped in the study area.
Typology N° Landslides Area (km2) %

Earth flows 241 7.68 35.9
Slides 195 4.58 21.4
Complex landslides 115 9.14 42.7
Total 551 21.4 100

JOURNAL OF MAPS 5



Three main landslide typologies have been recog-
nized: earth flows in clays, slides in sandstones and
complex landslides (slides, in the upper part and
flows in the lower-middle part of the slope as Varnes,
1978) in both sandstones and clays (see LIM in Main
Maps) (Table 1).

We have investigated the interplay between predis-
posing factors (lithology, slope, aspect and land use)
and landslides occurrence. Thus, for each class of the
four different predisposing factors, a landslide index
(I), expressed as the ratio in percentage between land-
slide area and total area [I = (Al/At) %] has been com-
puted. Being a density index, it does not give
information on the type of movement developed,
but on the amount of area subjected to movement.

The dimensions of the landslides detected are very
varied, there are landslides, attributable to different
tipology, very small, with more or less elongated
shapes and others of considerable size. The latter
reach lengths of about 3 km and a width of 1 km
and in some cases affect the entire slope (see LIM in
Main Map).

The landslides, which affect the drainage basin of
the FdC, have very different dimensions. Those with
larger dimensions are mainly observed along the left
side of the FdC where the clayey and arenaceous-peli-
tic lithologies emerge with greater extension. The
slope of the left side is on average greater than that
of the right side, while the exposure to the southern
quadrants prevails. In addition, the land use map
shows that along the left side there are fewer forest
areas, compared to the right one and greater areal
extension affected by agricultural processing (Classes
2 and 4) (Figure 4).

The LIM includes 551 landslides corresponding to
an average density of 11.0 landslides for km2. The
total extent of the area affected by landslides is
21.4 km2 corresponding to 42.8% of the total area.
The complex landslides are more widespread,
amounting to 42.7% of the landslides area, whereas

the earth flows and slides correspond respectively to
35.9% and 21.4%.

The active, dormant and stabilized landslides per-
centage amounts to 58%, 41% and 1%, respectively
(Figure 5).

The lithology is the main predisposing factors,
which promote the initiation and evolution of land-
slides processes. Based on their geotechnical behav-
iour, the outcropping geological units were grouped
into seven lithological complexes: clayey, calcareous-
marly, arenaceous, arenaceous-pelitic, pelitic, sandy
and conglomerate-sandy complexes (Table 2).

A lithological map has been constructed by group-
ing the different geological units into the lithological
complexes listed above (Figure 4(a)). This allowed
the computation of the percentage of each lithological
unit compared with the total area (Figure 4(a)). The
most widespread lithologies are the clayey and arenac-
eous-pelitic complex, corresponding to 36.7% and
28.1% of the total area, respectively. Conversely, the
alluvial deposits and the sandy units correspond to
2.4% and 2.6%, respectively. The slope angle is con-
sidered one of the main parameter influencing the
slope stability since it is closely linked to the acting
forces. The histogram in Figure 4(b) shows the slope
class’s distribution, computed from DTM, compared
to the total area. The most represented class ranges
from 10° to 15° (class n. 4). The slope gradient is high-
est (>35°) along the eastern edge of the basin, at
Tempa San Nicola and at Cima San Pietro, and near
Tempa Lata, in correspondence of a very extensive
landslides scarp edge.

The slope map also highlights some of the slope
trends and in particular the slope variations mainly
due to the different outcropping lithologies with
different competence.

The slope aspect is an important landsliding predis-
posing factor because it affects the territory degra-
dation. The aspect influences the vegetation cover on
the slope, the daily range of temperature and relative

Figure 4. Thematic maps of the FdC drainage basin: (a) lithological map; (b) slope map; (c) aspect map; (d) land use map. Every
map includes a histogram that shows the distribution, expressed in percentage, of different classes.
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humidity; all this involves a different degree of slope
erosion (Figure 4(c)). The histogram of the Figure 4
(c) shows the aspect class’s distribution, compared
to the total area. It is evident that the slopes are

exposed mostly to the southwest (18%), while only
4% of the total area is exposed to the north. The
land use map (Figure 4(d)) contains information
related to pedological and anthropogenic factors that

Figure 5. Pie chart representation of the percentages of landslide activities and different typologies. (a) Landslide activity state; (b)
landslide typology. The percentages are calculated with respect to the total landslide area.

JOURNAL OF MAPS 7



may contribute to the landslides triggering. For this
reason, we have considered the soil classes’ distri-
bution as an additional factor predisposing to land-
sliding. In Figure 4(d), it is evident that the forest
area, located in the north-western portion, is the
most representative class, corresponding to 32% of
the total area. Arable lands and uncultivated areas,
along the eastern slope, correspond to 26% and 19%
of the total area, respectively. Finally, the urban area
only refers to the Corleto Perticara village and this is
the least common class, corresponding to 1% of the
total area.

4.2. Relationship between landslides types and
lithologies

The influence of lithologies on the instability tendency
can be ascertained by means of the landslide index,
represented by the ratio in percentage between the
landslide area excluding the overlapping areas and
the total surface area of each lithology shows that
the predominantly pelitic lithologies are those with a
higher quantity of landslides (Figure 6).

The distribution of a particular type of landslide is
very diversified for each lithological unit (Figure 7(a)).
This allows us to observe how the percentages of the
different types of landslides vary with respect to the
lithological complexes shown in Table 2 and Figure
4(a). The complex landslides form in the Clayey
(CL) and Calcareous-marly complex (CM) and in par-
ticular in the Pelitic complex (PE) and more rarely in
the Sandy complex (SA). As regards the distribution of
slides, these mainly concern the Arenaceous complex
(AR), the Clayey (CL) and the Pelitic complex (PE)
and in a minimal part the Calcareous-marly complex
(CM). The earth flows affect mainly the Clayey (CL)
and Pelitic complex (PE), while the percentage is
reduced by only 3.25% in Sandy complex (SA).

The state of activity of the landslides can be corre-
lated with the different outcropping lithologies and the
histogram highlights that the active landslides affect all
lithologies and in particular the Clayey complex (CL)
and Pelitic complex (PE) (Figure 7(b)). The dormant
landslides mainly affect Pelitic complex (PE) and Are-
naceous complex (AR), although to a lesser extent they
have been detected in all areas where the other lithol-
ogies are exposed. There are very few stabilized land-
slides and they have been recognized only in the
Arenaceous complex (AR).

Table 2. Correspondence between geological units and
lithological complexes.
Geological units Lithological complexes

§ Torrente Cerreto Unit
§ Upper Varicoloured clays Fm.
§ Lower Varicoloured clays Fm.
§ Undifferentiated Varicoloured clays Fm.

Clayey complex (CL)

§ Monte Sant’Arcangelo Fm
§ Flysch Rosso Auctorum p.p. Fm

Calcareous-marly complex
(CM)

§ Arenarie di Corleto Fm.
§ Arenaceous-conglomeratic lithofacies

(Gorgoglione Fm.)

Arenaceous complex (AR)

§ Arenaceous-pelitic lithofacies
(Gorgoglione Fm.)

Arenaceous-pelitic
complex (AP)

§ Pelitic lithofacies (Gorgoglione Fm). Pelitic complex (PE)

§ Sands of the Caliandro cycle (Pliocene) Sandy complex (SA)

§ Alluvial deposits Conglomerate-sandy
complex (CS)

Figure 6. Histogram representing the landslide index vs lithological complex.
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4.3. Relationship between landslides types and
other predisposing factors

The considerable amount of data obtained in this
research allows the definition of the relationship
between the type of landslide movement and the
three others predisposing factors considered.
Following the same methodology used for the pre-
vious elaborations, the landslide index relating to
every type of movement for the four predisposing
factors, regardless of their significance has been
determined. The data were represented on histo-
grams where the landsliding predisposing factors
classes are reported on the horizontal axis and the
percentage of the landsliding area on the vertical
axis (Figure 8).

The percentage (%) of landsliding area versus slope
gradient relationship has been plotted on Figure 8(a).
The graphical analysis shows different results for the
several detected types of landslides.

The complex landslides and the earth flow bodies
are generally well distributed for slope gradient higher
than 2°, with the main peaks corresponding to the
range 5–25°. This is because these types of landslides
almost always affect all the hillslopes, from steepest
areas (>25°) to the valley bottom. Slightly different is
the behaviour of slides, which main occur on steepest
slopes (>15–20°). The low values of % of landsliding
are in correspondence of very low values of slope,
highlighting that much of the slides do not reach the
valley bottoms.

Figure 7. Histograms representing the landslide typologies (a) and landslide activity state (b) vs lithological complex.
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The percentage (%) of landsliding area versus
aspect relation is reported on Figure 8(b). It emerges
that the slopes most affected by landslides are those

exposed E, SE and S (classes 3, 4 and 5). The complex
landslides are mainly present along the slopes exposed
to E, SE and S (classes 3, 4 and 5), while slides occur in

Figure 8. Landslides types distribution for lithological (a) slope steepness (b), aspect (c) and soil use (d) classes.
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the first 4 classes and the earth flows are distributed
fairly evenly in all classes. The landslide development
on E to S oriented slopes is probably due to the lack of
vegetation. Aspect affects solar radiation and the
amount of heat energy taken from the sun and thus
water loss by transpiration and evaporation which
affects vegetation distribution and type. Moreover,
also the low soil moisture of the area does not allow
the growth of dense vegetation. Here main of the land-
slides have been triggered by low frequency/high mag-
nitude rainfall events preceded by wet periods which
have saturated the soil (Lazzari et al., 2018; 2020).
The alternation of prolonged drought with multi-
daily heavy rainfall events prevents the formation of
luxuriant vegetation, leaving the soil defenceless and
favouring the triggering of rapid movements. As pre-
viously said, earth flows also occurred with high fre-
quency on northern slopes. In this case, the slopes
are vegetated and the landslides are mainly triggered
by moderate to high precipitation which are antici-
pated by very high soil moisture condition.

In Figure 8(c) the relation between the percentage
(%) of landsliding area and the land use is depicted.
The peak value in correspondence with class 3 (olive
groves), is a given unrepresentative view of the limited
areal extent of this class. The complex landslides mainly
affect classes 2, 4 and 6, while slides are numerous in
class 1. Earth flows mainly affect classes 2, 4 and 6 to
a lesser extent classes 3 and 5 and are absent in class 1.

The comparison between the lithological map
(Figure 4(a)), the slope map (Figure 4(b)) and the dis-
tribution of the different landslide types (Figure 8(a)),
indicate that: (i) the earth-flow and complex landslides
are more abundant in slope classes 3, 4 and 5, where
the clay complex (CL) is present; (ii) the slides are
more abundant in slope >15° (classes 5–9), where
the more competent arenaceous lithologies (AR, AP)
are widespread.

5. Conclusions

In this study, the relationship between landslides
occurrence and several predisposing factors like lithol-
ogy, slope steepness, aspect and land use in the Fiu-
marella di Corleto drainage basin, a very
representative area of the Italian Southern Apennine
chain has been investigated. Geomorphological ana-
lyses coupled with data processing in GIS environ-
ment allowed to characterize the spatial distribution,
the type and the activity of landslides. As a final pro-
duct, a LIM was created at a 1:25,000 scale, where
are reported different sizes of landslides, their types
and state of activity.

The LIM shows that the 551 surveyed landslides are
distributed unevenly in the investigated about 50 km2

area, corresponding to an average density of 11.0 land-
slides for km2. The total extent of the area affected by

landslides is 21.4 km2, which corresponds to 42.8% of
the total area. The most common types of landslides
are complex landslides, which amount to 42.7% of
the landslides area, whereas the earth flows and slides
correspond respectively to 35.9% and 21.4%. The
active, dormant and stabilized landslides percentage
amounts to 58%, 41% and 1%, respectively.

The interaction between the landslides density and
the triggering factors has highlighted that clayey and
pelitic lithologies significantly affect both the distri-
bution and the typology of landslides, suggesting the
general usefulness of always combining a detailed geo-
logical map to the LIM.

The LIM of the FdC drainage basin area provides
basic data that can be used in subsequent studies to
assess susceptibility and landslide hazard and to pro-
vide important indications for correct territory plan-
ning, especially in the Mediterranean area.

Software

The dataset of the map, including the symbols of the
geomorphological legend, has been digitized and man-
aged using ESRI ArcGIS 10.5 and the final map was
made using CorelDraw 8.1.
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