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Geomorphology of the Anversa degli Abruzzi badlands area (Central
Apennines, Italy)
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aDepartment of Engineering and Geology, Laboratory of Tectonic Geomorphology and GIS, Università degli Studi ‘G. d’Annunzio’
Chieti-Pescara Chieti Scalo (CH), Italy; bIstituto Nazionale di Geofisica e Vulcanologia (INGV) Roma, Italy

ABSTRACT
This work presents the geomorphology of the Anversa degli Abruzzi badlands (also called calanchi,
a typical italian landform) area, located in the Abruzzo Region (Central Apennines, Italy). Themap is
the result of morphometric and geomorphological analyses, performed at the badland scale, and
incorporates three main sections including orography and hydrography, main geomorphological
map, and multi-temporal photogeological analysis. The aim of this work is to provide the basis
for the recognition of geomorphological features linked to the fluvial environment. Specifically,
the study is focused on the Anversa degli Abruzzi calanchi system and it contributes to
improving the understanding of this landscape evaluating the geomorphological processes that
control its morphometric features and its spatial and temporal evolution.

ARTICLE HISTORY
Received 2 March 2020
Revised 24 May 2020
Accepted 5 June 2020

KEYWORDS
Geomorphology;
photogeology; badlands;
gully erosion; Central Italy

1. Introduction

An extensive geomorphological analysis of the Adriatic
hilly-piedmont area of the Central Apennines allowed
researches focused on the geomorphological evolution,
morphotectonic implications, and climatic characteriz-
ation of badland systems, since the first half of the
1900s (Alexander, 1980; Castiglioni, 1933; Ciccacci
et al., 2008; Coltorti et al., 1979; Demangeot, 1965;
Farabollini et al., 1992; Magny et al., 2002; Moretti &
Rodolfi, 2000; Nisio et al., 1996; Rodolfi & Frascati,
1979; Vittorini, 1971); more recent studies concentrate
on morphometric analysis highlighting similarities
between badlands and fluvial systems (Buccolini &
Coco, 2010; Buccolini & Coco, 2013; Buccolini et al.,
2012; Caraballo-Arias et al., 2015; Caraballo-Arias &
Ferro, 2017; Di Stefano & Ferro, 2019; Neugirg et al.,
2016; Vergari et al., 2019).

In this study, we present a 1:2500 scale geomorpholo-
gical map of the Anversa degli Abruzzi badlands area,
located in the Central Abruzzo area (Marsica region;
Figure 1). It has been implementedwithin aGIS environ-
ment by means of morphometric analysis of orography
and hydrography; detailed geological and geomorpholo-
gicalfieldmapping, andfinally of geomorphological evol-
ution via a multi-temporal photogeological analysis.

The main map incorporates three principal sections:

(i) orography and hydrography;
(ii) main geomorphological map (scale 1:2500);
(iii) multi-temporal evolution scheme.

This study provides a basis for the recognition of geo-
morphological processes that control the morphometry
of a badlands system and it represent a significant tool
to improve knowledge about this typical Italian land-
scape. It allows us to define the main phases of calanchi
evolution, resulting from slope-gravity processes, water
runoff.

2. Study area

The Anversa degli Abruzzi badlands area (whose
toponym is il Caccavone) is located in the Central
Apennines, an arc-shaped and asymmetric mountain
range which is the result of the Neogene-Quaternary
evolution of a chain-foreland-foredeep system gener-
ated through the westward subduction of the Adriatic
microplate (Carminati & Doglioni, 2012; Miccadei
et al., 1998; Miccadei et al., 2017; Miccadei et al.,
2018; Piacentini et al., 2015). The chain is made up
of thrust sheets resulting from the deformation of
Meso-Cenozoic paleogeographic domains (carbonate
platforms and margins, slope and basin) consisting
of pre-orogenic thick limestone and marl-limestone
sequences (Miccadei et al., 2019 and references
therein).

Orogenic compressional tectonics along NW–SE
to N–S-oriented thrusts affected the Central Apen-
nines causing the complex superimposition of
the tectonic units one over the other and over
syn-orogenic pelitic-arenaceous turbiditic sequences.
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The compressional tectonics was followed by strike-slip
tectonics along mostly NW–SE to NNW–SSE-oriented
faults, largely masked by younger extensional tectonics,
contributing to define a more complex tectonic setting.
Since the Lower Pleistocene, the orogen underwent
regional uplifting (Carminati & Doglioni, 2012; Micca-
dei et al., 2017). Post-orogenic tectonics is characterized
by extensional kinematics which affects the chain still
today, as highlighted by recent major earthquakes (up
to M7.0; Fucino, January, 1915; L’Aquila, April, 2009;
Central Italy, August–till today, 2016–2017; Rovida
et al., 2019; ISIDe Working Group, 2016), with NW–
SE-oriented extensional fault systems and which caused
the formation of intermontane basins, such as Fucino
Plain and Sulmona Basin (Ascione et al., 2008; Capelli
et al., 1997; Ciccacci et al., 1999; Corrado et al., 1996;
Ghisetti &Vezzani, 1993;Mattei&Miccadei, 2001;Mic-
cadei, 1993; Miccadei et al., 2014; Miccadei et al., 2018;
Piacentini & Miccadei, 2014; Vezzani et al., 2010).

The geomorphological evolution began with the
emersion of the orogen at least from Miocene (in the
chain area) and it is closely connected with a complex
combination of endogenous (morphotectonics) and
exogenous processes (slope, fluvial, karst and glacial
processes). The combination of these factors with Qua-
ternary climate fluctuations led to the succeeding of

some morphogenetic phases, resulting in the reorgan-
ization of the landscape to the present-day setting
(Miccadei et al., 2017 and references therein).

The study area (Figure 2) is located in the chain
area of the Abruzzo Region and is set in the Sagittario
River basin which incorporates a 48-km-long main
river. It is called Tasso Stream, in the southern
stretch, and flows with an S-N direction into the
Scanno Lake, from where it flows through and incises
the Sagittario gorges in a SE-NW direction. Near
Anversa degli Abruzzi village, it describes a 90°
sharp bend to NE and flows towards Sulmona Basin
making a wide incision transversal to the main ridges
of the area (Montagna Grande, Mt. Genzana) (Micca-
dei et al., 2019).

From a geological standpoint, the area is made up
of three main paleogeographic domains: (i) the Meso-
zoic-Cenozoic Lazio-Abruzzi carbonate platform with
its proximal slope, (ii) the Cenozoic carbonate ramp,
and (iii) the turbiditic succession referred to the Mes-
sinian evaporitic foredeep (Carabella et al., 2019; Mic-
cadei et al., 2017). The oldest units (Upper Triassic-
Lower Jurassic) outcrops on the La Difesa ridge,
while the proximal slope unit (Upper Jurassic-Paleo-
gene) and the carbonate ramp domain (Eocene-Mes-
sinian pre-evaporitic) are spread between Anversa

Figure 1. Location map of: (a) Abruzzo in Italy; (b) location of the schematic geomorphological profile inside the study area (see
Figure 7); (c) Study area (black circle) in the physiographic setting of the Abruzzo Region.
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degli Abruzzi and Castrovalva towns on the west side
of the study area. These units consist of dolomitic
limestones and limestones sequences and constitute
the pre-orogenic succession. The syn-orogenic succes-
sion consists of an evaporitic siliciclastic unit and it
represents the substratum of the badlands area.
Post-orogenic continental deposits are related to var-
ious morphogenetic environments, such as slope
(slope and landslide deposits) and fluvial dynamics
(Beneo, 1938; Calista et al., 2016; Cassetti, 1900; Cor-
rado et al., 1996; Miccadei et al., 2014; Miccadei et al.,
2019). From a climatic point of view, the study area is
characterized by a Mediterranean climate with cold
winters and heavy snowfalls, dry summers with
some afternoon rainfalls and dry springs (Di Lena
et al., 2012).

3. Methods

The badlands area was investigated using an inte-
grated approach that incorporates: (i) morphometric
analysis of orography and hydrography, (ii) geologi-
cal and geomorphological field mapping and (iii)
the multi-temporal photogeological analysis (see
Table 1).

The morphometric analysis of orography and
hydrography was carried out with the GIS software
(ArcGis, version 10.6.1). Vector topographic data

were extracted from 1 m LiDAR data provided by Min-
istero dell’Ambiente e della Tutela del Territorio e del
Mare (http://www.minambiente.it). The analysis was
focused on the investigation of the main orographic
features, such as slope analysis and aspect analysis
(Strahler, 1957), and on the detailed definition of the
badland drainage system through the calculation of
morphometric parameters such as badlands area
(A2D); length (L); perimeter (P); L/P (a ratio of the
stream pattern geometry) and basin slope (S); drainage
frequency (F) and density (D), Melton ratio (F/D2;
Melton, 1957); hierarchical order which is a numerical
measure of the branching of a stream (O; Strahler,
1957); bifurcation ratio, which is a ratio of the number
of stream branches of a given order to the number of
stream branches of the next higher order; (Rb; Horton,
1945), and circularity ratio, which is the ratio of basin
area to the area of circle having the same perimeter as
the basin (RC; Miller, 1953).

A detailed geological and geomorphological field
survey was carried out on a 1:2000 scale topography
to map lithologies (bedrock and quaternary continental
deposits) and the geomorphological features. It was
performed according to the guidelines of the Geologi-
cal Survey of Italy (SGN, 1994), and was also in accord-
ance with the literature concerning geological and
geomorphological mapping (D’Orefice & Graciotti,
2014; Miccadei et al., 2012; Miccadei et al., 2019;

Figure 2. Panoramic view of the Anversa degli Abruzzi badlands area.

Table 1. Workflow scheme of the creation of the geomorphological map of the Anversa degli Abruzzi badlands area.
Activities Data Elaboration and GIS analysis Results

Morphometry of orography and
hydrography

LiDAR 1 m
Vector topography
Scale 1:2000

Analysis of orographic and hydrographic
parameters

Slope map
Aspect map
Density map
Hierarchic order map

Geology and geomorphological field
mapping

Geological field mapping
Scale 1:2000
Geomorphological field
mapping

Scale 1:2000

Field mapping of bedrock and superficial
deposits

Landforms mapping and analysis

Geomorphological
map

Scale 1:2500

Multi-temporal photogeological analysis Aerial photos
Scale 1:33,000
Orthophotos
Scale 1:10,000
Scale 1:5000
Satellite images
Scale 1:1000

Aerial photo interpretation and
photogeological analysis

Multi-temporal maps
Alluvial fan area
Badlands area
Active area
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Salvador, 1994). In order to highlight the main geo-
morphological features of the calanchi area, a geomor-
phological profile was also realized. Finally,
geomorphological investigations were supported by
photogeological analysis performed using stereoscopy
from aerial photo and GIS analysis for orthophotos
(Table 1). This analysis allowed to get semi-quantitat-
ive data about alluvial fan, active flooding sector, flood-
ing channel, eroded area, and hydrographic pattern
type, according to Twidale, 2004 and references
therein.

4. Results

4.1. Orography and hydrography

The study area is characterized by an NW–SE-oriented
slope with an elevation ranging from ∼465 m a.s.l., in
the NW sector (at the confluence with the Sagittario
River), to ∼1050 m a.s.l. in the northernmost sector
of the study area. The average slope of the badland sys-
tem is ∼20°, with the highest values >60° in the
southern sector. The principal aspect of the eastern
slope is W, NW, and subordinately S, while in the wes-
tern slope is N-NE. The calanchi area (Ac) reaches
287,917 m2. The longitudinal profile shows a concave
to convex shape and an evident step at the upper bad-
land limit; the transversal profile has a clear V-shape
with steep slopes.

The main hydrographic parameters calculated for
the study area summarized in Table 2. The hydrogra-
phy is characterized by several minor and ephemeral
stream channels (Figure 3). The drainage network
shows a mainly dendritic, locally sub-dendritic sub-
parallel drainage pattern; highlighted by L/P ratio
(77.6 m/°). D values are higher in the intermediate sec-
tor of the incision, and the Melton ratio (F/D2) pro-
vides a constant equal to 0.719. The stream is highly
hierarchized and reaches the 5th order; the 1st order
streams are present at the top of the badland area,
while the 5th order is located at the bottom. The bifur-
cation ratio ranges from 2 to 4; the minimum value is
between the 4th and the 5th order while the maximum
one is between the 2nd and the 3rd order. Between 1st

and 2nd the bifurcation ratio is 3.14 while for 3rd and
4th is 3.5. The Circularity ratio is 0.31, highlighting a
stretched shape.

4.2. Lithology

Outcropping lithologies were classified in marine and
continental deposits. The marine deposits are charac-
terized by clayey-pelitic rocks with gypsum layers,
referred to the Messinian evaporitic syn-orogenic tur-
biditic deposits (Corrado et al., 1996; ISPRA, 2014;
Miccadei et al., 2014; Miccadei et al., 2019;); subordi-
nately, calcareous-dolomitic bedrock outcrops on the
La Difesa ridge. Post-orogenic continental deposits
are widespread in the area and they can be referred
to fluvial and slope environments. They are listed in
the following paragraphs, from the oldest to the young-
est (numbers refer to the main map and its relative
legend) and they were referred to the units of the
CARG 378 sheet (ISPRA, 2014).

4.2.1. Pre-orogenic marine deposits
4.2.1.1. Dolomitic limestones (8). They are composed
of massive grayish dolomitic limestones locally well
stratified with pluri-decimetric strata, outcropping on
La Difesa ridge because of a tectonic contact with the
Clays unit (7). This unit is dated to the Upper Trias-
sic-Lower Jurassic (Sinemurian) interval (Miccadei
et al., 2014).

4.2.2. Syn-orogenic marine deposits
4.2.2.1. Clays (7). It is made up of poorly stratified clay
and well-stratified leaden silty clays (Figure 4(a));
locally cross laminations are present. From decimetric
to plurimetric gypsum elements (the most evident are
indicated by a black ring in the main map) are present,
often inside a Havana arenitic chalk, made of milli-
metric and centimetric crystals; very thin white gypsum
levels are present. This unit is in tectonic contact with
unit 8 (see also the geological scheme of the Sagittarius
Valley in the main map). Clays are dated to Messinian
evaporitic (Corrido et al., 1996; Maccabee et al., 2014).

4.2.3. Post-orogenic continental deposits
4.2.3.1. Ancient slope deposits (6). They are composed
of centimetric and decametric stratified clasts, both
cemented and loose. These outcrop at the top of the
badlands incision (Figure 4(b)) on the clayey substrate
by an erosive limit. They refer to to as the Upper Pleis-
tocene (Miccadei et al., 2014).

4.2.3.2. Slope deposits (5). This unit is made up of het-
erometric loose clasts with moderate matrix and out-
crop on slope breaks. They refer to the Holocene
(Miccadei et al., 2014).

Table 2. Morphometric parameters of the badland area. O, Rb,
RC and F/D2 are dimensionless factors.
Morphometric parameters Unit of measure Value

Basin area (A2D) (m2) 512,602
Badland area (AC) (m2) 354,678
Perimeter (P) (m) 4496
Length (L) (m) 1631
Slope (S) (°) 21
Length/Slope (L/S) (m/°) 77.6
Frequency (F) (m−2) 0.000247
Density (D) (m−1) 0.0185
Strahler’s order (O) 5th
Bifurcation ratio (Rb) 2–4
Circularity ratio (RC) 0.31
Melton ratio (F/D2) 0.719
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4.2.3.3. Landslide deposits (4). They are compounded
of clayey-silty material, locally with gypsum presence,
and involve the bedrock unit of the terrigenous slope
(Figure 4(c)). This unit refers to the Holocene (Micca-
dei et al., 2014).

4.2.3.4. Colluvial deposits (3). This unit consists of
clays, silt, and sands with decimetric calcareous clasts
(Figure 4d). It outcrops at the base of the badlands
area, above debris-mud flow deposits (1), with an ero-
sive limit and it refers to Holocene (Miccadei et al.,
2014).

4.2.3.5. Fluvial deposits (2). They are composed of het-
erometric pebbles with sandy and silty levels (Figure 4
(e)). They are present in correspondence of the Sagit-
tario River and are related to Holocene (Miccadei
et al., 2014).

4.2.3.6. Debris-mud flow deposits (1). This unit con-
sists of reworked clays, silts, and heterometric blocks
of crystalline gypsum with a chaotic setting. They are
present in the main gullies (Figure 4(f)) and
in correspondence of the alluvial fan, at the base of
calanchi. They are dated to Holocene (Miccadei et al.,
2014).

4.3. Geomorphology

The main geomorphological features were classified and
distinguished according to the morphogenetic environ-
ment. Predominant morphologies are represented by
structural, slope-gravity, andfluvial landforms (Figure 5).

4.3.1. Structural landforms
The predominant structural landform, showing an
NW–SE direction, is represented by a fault line scarp
in the lower right side of the main map (Figure 5(a))
between the dolomitic limestones (8) and the clays (7).

Figure 3. Study area drainage basin and hydrographic network map.
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4.3.2. Slope-gravity landforms
These mapped elements include different types of land-
slideswith associated scarps. Landslides (Figure 5(c)) are
located especially in the SW sector of the badland area
and they are principally related to both active earth
flows and complex landslides. The related landslide
scarps are all main gully-oriented (SW–NE, SE–NW,
and E–W).

4.3.3. Fluvial landforms
The mapped fluvial landforms can be referred to active
gullies, sharp and rounded crests, V-shaped and U-
shaped valleys, flooding channels, and alluvial fan.

Gullies (Figure 5(b)) are the most important features
of the study area. There is a principal gully which
describes a deep incision (SE–NW oriented) with a
flat bottom approaching the intermediate sector and
other gullies starting at the outlets of the furrows.
Sharp and rounded crests are parallel to the valleys;
V-shaped and U-shaped valleys evolution is strictly
linked to water availability (Figure 5(d)). Flooding
channels and alluvial fan are located at the base of
the badlands and their presence is related to the volume
of material transported by debris-mud flows and water,
so they are extremely variable. Alluvial fan (Figure 5(f))
is located at the bottom of the badlands. Rill erosion is

Figure 4. Post-orogenic continental deposits and syn-orogenic marine deposits of the study area (numbers are referred to the main
legend). (a) well-stratified fetid silty clay (7) (a zoomed view is in the upper right corner); (b) cemented-to-loose stratified slope
deposits (6); (c) landslide deposits with chaotic material and toppled trees (5); (d) colluvial deposits made of loose sands and
silts (3); (e) fluvial deposits with sand and silt levels (2); (f) debris-mud flow deposits with active transport of mud and reworked
material (1).
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diffused over almost all slopes (Figure 5(e)). Sheet ero-
sion affects the right slope of the main badlands, where
the clayey substrate is washed out and a degradational
scarp is present (Figure 5(f)).

4.3.4. Anthropogenic landforms
This landform is linked to a little scarp located on the
right side of the badlands. It is related to an old and dis-
used quarry where clay was extracted to produce post-
medieval pottery (Verrocchio, 2003).

4.3.5. Vegetation cover
Vegetation cover consists of wood and sparse veg-
etation and colluvial material with a maximum thick-
ness of 3 m.

4.4. Multi-temporal analysis

The multi-temporal analysis of the badlands area was
outlined by means of air-photos stereoscopy (accord-
ing to Amadesi, 1993), and orthophotos interpretation
in GIS environment in order to provide quantitative
data about the geomorphological evolution badlands
area from 1954 to 2017 (see Table 3 for further

information about air-photos). We considered the
incised area and alluvial fan area separately.

The analysis of the badlands area on 1954 air-
photos (198,760 m2, Figure 6(a)) highlights a
stretched morphology, with a slightly extended allu-
vial fan. The active sector is on the left side, while
on the right one, the vegetation cover is present.
The hydrographic pattern is mainly dendritic, with
several 90° confluences highlighted by minor and
ephemeral stream channels. The 1997 air-photos
analysis (Figure 6(b)) shows an increase of the area
to ∼237,000 m2. The active sector is on the right
side and at the initial sector of the alluvial fan; this
feature is now developed in the NE direction. On
the SE sector, there is an evident ESE-SE slope retire-
ment due to the slope-gravity process, as confirmed
by geomorphological field investigations. In the
2007 orthophoto (Figure 6(c)) the badlands area
reaches ∼ 245,000 m2, showing a dendritic hydro-
graphic pattern. The active sector is at the center of
the alluvial fan. The Google Earth 2017 image analy-
sis (Figure 6(d)) shows a further increase of the bad-
lands and the alluvial fan areas. The active sector is
located in small areas at the base of the badlands,

Figure 5. Geomorphological features of the study area. (a) fault line scarp (white arrows); (b) active gully erosion with visible water
flow and weathered substratum; (c) landslide affecting the left slope of the badlands (the red arrows indicate the scarp); (d) panora-
mic view of the study area in which the main geomorphological features are visible: the badlands boundary, V-shaped valleys, sharp
crests and gullies (not all the features were marked in this photo); (e) zoomed view of the rill erosion. (f) panoramic view of the
flooding fan (green polygon); the white arrows indicate the inactive quarry where active slope wash is present.

Table 3. Parameters regarding to the aerial photos and orthophotos used in this work, (modified Del Soldato
et al., 2018).
Organization Acquisition year Approximate scale Type Flying height (m)

I.G.M. 1954 1:33,000 Aerial photos ∼6000
AIMA 1997 1:10,000 Orthophotos –
Abruzzo Region 2007 1:5000 Orthophotos ∼2000
Google Earth 2017 1:1000 Satellite image –
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moving towards the Sagittario River. The hydro-
graphic pattern type is still dendritic and more
ramifications due to minor and ephemeral stream
channels are evident.

5. Conclusions

The detailed geomorphological analysis of the Anversa
degli Abruzzi badlands area led to the recognition of
geomorphological processes that control the morpho-
metry of this badlands system. It was performed

following a multidisciplinary approach involving mor-
phometric, geomorphological and multi-temporal
analysis.

The orographic setting is described by high values of
slope (>50°) in the southern exposures located in cor-
respondence of heavy rill erosion areas. The northern
slopes are characterized by landslides and vegetative
covers, probably due to a higher water amount.

The hydrographic setting was analyzed through the
calculation of several morphometric parameters. Par-
ticularly, the Melton ratio gives a value of 0.719

Figure 6.Multi-temporal evolution analysis of the ‘il Caccavone’ badlands area (we changed RGB to B/W to improve the readbility).
(a) IGMI, 1954 aerial photo; (b) Abruzzo Region (1997) orthophoto; (c) Abruzzo Region (2007) orthophoto; (d) Google Earth (2017)
satellite photo. All photos have been changed to black and white in order to improve the readbility (see also the main map, Multi-
temporal analysis of the badlands area section). The legend refers to all the four images.
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(Melton constant is 0.694), and D2 is less than 0.001
(Di Stefano & Ferro, 2019). Also, the L/P ratio is bigger
than 40 m/° (Buccolini & Coco, 2010). These values
indicate a dendritic hydrographic pattern, thus confi-
rming the field data.

The detailed geomorphological field survey high-
lighted the relationships between landforms and
deposits, as graphically shown in the schematic geo-
morphological profile (Figure 6). In detail, debris-
mud flow deposits are linked to gully erosion, but
they are not distributed all over the incisions; landslides
are related to complex, earth flows and debris-mud
flows kinematics. Gullies and V-shaped valleys are
the main fluvial landforms which affect the badlands
area. The calanchi landform is classifiable as type ‘B’
(Moretti & Rodolfi, 2000), with steep slopes, sharp
and rounded crests, superficially weathered substratum
and superficial slides, as you can see in schematic sec-
tion below (Figure 7; see also the Figure 1 for the sec-
tion trace).

The multi-temporal photogeological analysis led to
reconstruct the geomorphological evolution. The
1954–2017 (Figure 8) interval shows an increase of
the eroded area from 198,760 to 248,230 m2 (increase
of 24.8%); erosive processes include mainly slope-grav-
ity and rill erosion. The biggest landslides affect the
highest topographic sectors of the badlands, high-
lighted by an active retirement towards SE direction.
Between 1954 and 1997, the right slope was involved
in landslide processes. Alluvial fan is significantly
increased between 1954 and 1997 (∼154%); the evol-
ution of this element is strictly related to the water
and sediment amount coming from valleys and gullies;
90° confluences seem to be reduced and the hydro-
graphic pattern became perfectly dendritic. The right
top of the badlands is characterized by the ancient
slope deposits (6) involved in the erosion, so it is poss-
ible to affirm that there is a reduction of this unit
volume. Alluvial fan sediments are probably eroded
by the Sagittario River, and in combination with the

Figure 8. Histogram showing evolution trend. Blue boxes stand for badland area; cobalt blue boxes stand for alluvial fan area; ()*
percentage is referred to the increase of values with respect to the previous measurement.

Figure 7. Schematic geomorphological profile (for the trace ubication, A-A’, see on the Figure 1(b)) to show type ‘B’ badlands fea-
tures. From left to right: (SS) steep slopes; (DMF) debris-mud flow; (TFV) trough-floored valley; (WS) weathered slopes; (SC) sharp
crest; (GS) gentle slope. The scale is given by horizontal and vertical numbers. Vertical numbers are referred to the mean sea level.
The numbers will refer to the lithological legend of the main map: (1) Debris-mud flow deposits; (7) Clays.
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water runoff amount, percentage values between the
fan and the badlands areas maybe not directly pro-
portional. Finally, three main factors were linked to
the geomorphological evolution: water runoff and
landslide processes, and aspect of the slopes.

This study could represent a scientific basis for the
understanding of the Anversa degli Abruzzi badlands
area, giving a key tool to better highlight the main
phases of the evolution in terms of geomorphological
processes of this typical Italian landscape.

Software

The map presented was produced in the Geographic
Information System ArcGis® 10.6.1 (ESRI); the final
editing of the map and photos was made with Corel-
DRAW 2019 v21.
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