
This article was downloaded by: [Dipartmento di Studi E Reicerche], [Alessandra
Ascione]
On: 13 March 2014, At: 01:21
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Maps
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/tjom20

Tectonic-geomorphological map of the
middle Aterno River valley (Abruzzo,
Central Italy)
Antonio Santoa, Alessandra Ascioneb, Giuseppe Di Crescenzoa,
Enrico Miccadeic, Tommaso Piacentinic & Ettore Valenteb

a Department of Civil, Constructional and Environmental
Engineering – DICEA, University of Naples Federico II – Piazzale
Tecchio a Fuorigrotta, 80125 Napoli, Italy
b Department of Earth Sciences, Environment and Georesources –
DiSTAR, University of Naples Federico II – Largo S. Marcellino 10,
80138 Napoli, Italy
c Department of Engineering and Geology – INGEO, Laboratory of
Tectonic Geomorphology and GIS, ‘G. D'Annunzio’ University of
Chieti-Pescara - Via dei Vestini 30, 66100 Chieti, Italy
Published online: 17 Dec 2013.

To cite this article: Antonio Santo, Alessandra Ascione, Giuseppe Di Crescenzo, Enrico
Miccadei, Tommaso Piacentini & Ettore Valente (2014) Tectonic-geomorphological map of
the middle Aterno River valley (Abruzzo, Central Italy), Journal of Maps, 10:3, 365-378, DOI:
10.1080/17445647.2013.867545

To link to this article:  http://dx.doi.org/10.1080/17445647.2013.867545

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://www.tandfonline.com/loi/tjom20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/17445647.2013.867545
http://dx.doi.org/10.1080/17445647.2013.867545


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

D
ip

ar
tm

en
to

 d
i S

tu
di

 E
 R

ei
ce

rc
he

],
 [

A
le

ss
an

dr
a 

A
sc

io
ne

] 
at

 0
1:

21
 1

3 
M

ar
ch

 2
01

4 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


SCIENCE

Tectonic-geomorphological map of the middle Aterno River valley
(Abruzzo, Central Italy)

Antonio Santoa∗, Alessandra Ascioneb, Giuseppe Di Crescenzoa, Enrico Miccadeic,
Tommaso Piacentinic and Ettore Valenteb

aDepartment of Civil, Constructional and Environmental Engineering – DICEA, University of Naples
Federico II – Piazzale Tecchio a Fuorigrotta, 80125 Napoli, Italy; bDepartment of Earth Sciences,
Environment and Georesources – DiSTAR, University of Naples Federico II – Largo S. Marcellino 10,
80138 Napoli, Italy; cDepartment of Engineering and Geology – INGEO, Laboratory of Tectonic
Geomorphology and GIS, ‘G. D’Annunzio’ University of Chieti-Pescara - Via dei Vestini 30, 66100
Chieti, Italy

(Received 10 July 2013; resubmitted 5 November 2013; accepted 17 November 2013)

After the 6 April, 2009 normal faulting L’Aquila earthquake (Mw 6.3), the attention of many
scientists was drawn to the Abruzzo Apennines. Until that time few studies had addressed the
geomorphological and morphotectonic features of this area and none to extensive
geomorphological mapping.

The tectonic-geomorphological map (scale 1:40,000) presented in this work is the result of a
morphotectonic investigation of the middle Aterno River valley, which includes the area
from the western L’Aquila-Coppito basin (to the northwest) to the Paganica–San Demetrio
basin and to the Castelnuovo–Civitaretenga basin (to the southeast).

The map is implemented within a GIS environment by means of: DEM and map-based
cartographic analysis and morphometry of orography and hydrography (raster and vector
data scale 1:25,000, 10 m grid DEM), photogeological analysis (scale 1:10,000), structural
geomorphological field mapping (scale 1:10,000), basin fill geometry analysis (geophysical
and borehole investigations) and tectonic–geomorphological profiles that couple landforms,
deposits and surfaces. The map incorporates orography and hydrography, basin fill
geometry, tectonic–geomorphology and tectonic–geomorphological profiles.

The result provides a basis for the recognition of morphotectonic features at basin scale,
detection of tectonic control on the landscape, and reconstruction of paleo-landscapes and
basin geometry.
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1. Introduction

After the Mw 6.3 6 April 2009 normal faulting L’Aquila earthquake (e.g., Chiarabba et al., 2009),
the attention of scientists operating in different fields was drawn to the Abruzzo Apennines. Right
after the event, the Italian National Department of Civil Protection (DPC) promoted and coordi-
nated a dense work of geological and geophysical surveys aimed at Seismic Microzoning the
mesoseismal area, for post-earthquake reconstruction applications (Gruppo di Lavoro MS–
AQ, 2010). After this, several geoscience research groups focused their attention on the under-
standing of geological, tectonic and seismological features of the L’Aquila area and of the sur-
roundings of the Central Apennines, publishing a considerable number of studies (see
references in Giaccio et al., 2012). However, few studies addressed the morphotectonic features
of the area (e.g., Blumetti, Guerrieri, & Vittori, 2013; Galli, Giaccio, & Messina, 2010; Giaccio
et al., 2012) and none on extensive geomorphological mapping (only old morphotectonic maps
are available; Demangeot, 1965).

The map presented here is the result of a large-scale geomorphological and morphotectonic
investigation carried out in an area within the middle part of the Aterno River valley (hereinafter
labelled middle Aterno valley), in the NE part of the central Apennines chain between the Gran
Sasso massif to the north and the Fucino Plain to the south. The map is implemented within a
geographical information system (GIS) by means of: digital elevation model (DEM) and map-
based cartographic analysis and morphometry, photogeological analysis, tectonic geomorpholo-
gical field mapping, basin fill geometry analysis and tectonic–geomorphological profiles. The
map includes three sections around the 1:40,000 scale tectonic–geomorphological Main map.

The morphotectonic mapping presented in this paper aims to contribute, with new data, to the
outline of the large-scale surface and subsurface morphotectonic setting of the study area. Further-
more, it provides a basis for the recognition of the morphotectonic features at the basin scale, the
detection of tectonic control on the landscape, and the reconstruction of paleo-landscapes and
basin geometry.

2. The Aterno River valley and the study area

The Aterno River valley is located in central Italy, in the NE sector of the central Apennines
chain, between the Fucino basin to the south and the Gran Sasso Massif to the north, and is
part of the Aterno–Pescara river drainage basin, the largest one in the Abruzzo region. The
study area includes the middle Aterno valley, spanning from western L’Aquila, to the NW,
to Paganica–San Demetrio and Castelnuovo–Civitaretenga, to the SE (see upper portion of
the map). The middle Aterno valley is NW-SE elongated, at elevations ranging from
�650 m a.s.l. to �500 m a.s.l., stretched between NW-SE to WNW-ESE ridges, reaching
elevations ranging from 2300–2400 m a.s.l. to the SW (Sirente Velino) and 2500–2900 m
a.s.l. to the NE (Gran Sasso). The drainage basin and network show complex patterns with
several endoreic areas surrounding the main basin and minor endoreic areas also within the
main basin.

The area includes the wide L’Aquila tectonic basin, which is composed of a complex arrange-
ment of several, laterally connected, tectonic basins, filled with up to .200 m thick Quaternary
alluvial and lacustrine successions (Bagnaia, D’Epifanio, & Sylos Labini, 1992; Bertini & Bosi,
1993; Bosi & Bertini, 1970; Ciccacci, D’Alessandro, Dramis, & Miccadei, 1999; Giaccio et al.,
2012; Gruppo di Lavoro MS-AQ, 2010; Marini, 1967; Miccadei, Paron, & Piacentini, 2004). The
main tectonic basins are the Scoppito basin, the western L’Aquila basin, the Paganica–San Deme-
trio basin, the Castelnuovo–Civitaretenga basin, the lower Aterno valley, the Subequan basin,
Sulmona basin and several minor basins (Figure 1 and upper portion of the map), all of Upper
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Pliocene to Holocene age. Such intermontane basins formed in response to the NE-SW-oriented
regional extension which has been affecting the central Apennines since the Late Pliocene. They
are aligned along a WNW-ESE direction, and are placed in the hanging wall block of the Gran
Sasso Massif thrust (Figure 2).

Figure 1. Location map of the study area (red box) in the chain area of the Abruzzo region.

Figure 2. Simplified geolithological scheme of the central eastern Abruzzo area.
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The alignment of basins approximately coincides with a regional paleogeographic and paleo-
tectonic boundary (APAT, 2006) between a carbonate platform domain to the south (Jurassic-to-
Middle Miocene in age) and a coeval, carbonate slope-to-basin domain to the north (Figure 2).
Terrains of the two domains were complexly piled up, through thrusts and fold structures,
during the Late Miocene-Early Pliocene compression that affected the region. Synorogenic terri-
genous deposits are locally preserved, mostly interposed between the thrust sheets.

Continental deposits outcropping, and buried, in the middle Aterno valley are related to differ-
ent, and deformed, successions, spanning in age from the Upper Pliocene to the Holocene (e.g.,
APAT, 2006; Giaccio et al., 2012; Gruppo di Lavoro MS-AQ, 2010 and references therein).
However, the basin stratigraphy is different moving from the NW to the SE. In the northwestern
area, three main units occur (APAT, 2006; Bagnaia et al., 1992; Blumetti, Di Filippo, Zaffiro,
Marsan, & Toro, 2002; Ge.Mi.Na., 1963; Gruppo di Lavoro MS-AQ, 2010; Mancini et al.,
2012; Tallini et al., 2012). The youngest unit includes Upper Pleistocene to Holocene fluvial, allu-
vial fan and colluvial deposits, slope debris, and weathering deposits (Middle-Upper Pleistocene
in age, outcropping around L’Aquila). These rest on a succession composed of lacustrine deposits,
passing upwards to fluvial deposits, and to calcareous breccias and conglomerates, which are
related to the Lower Pleistocene–Middle Pleistocene (?). The lowest unit, Upper Pliocene-
Early Pleistocene in age, is mostly buried (the upper part outcrops in the Pianola area). It consists
of lacustrine deposits, which in the lower part include lignite layers.

In the area spanning from Paganica to San Demetrio (see also Bosi & Bertini, 1970; Bertini &
Bosi, 1993; Boncio et al., 2011; Giaccio et al., 2012), recent – Upper Pleistocene to Holocene –
slope deposits, and alluvial deposits outcropping in the floor of the modern Aterno River valley,
overly a fluvial and alluvial fan succession (including volcaniclastic layers; outcropping around
Paganica), the basal part of which is dated around 0.4 Ma. Such deposits rest on lower Middle
Pleistocene fluvial and alluvial fan deposits, outcropping in the San Demetrio – Barisciano
area. The oldest unit consists of a Lower Pleistocene lacustrine succession (ranging from
1.8 Ma to .0.78 Ma). It is composed of yellowish silts (outcropping around Poggio Picenze)
and of carbonate silts passing laterally into delta deposits, cropping out around Barisciano and
Castelnuovo.

3. Dataset and methodology

The work has been carried out by means of geomorphological and morphotectonic surveys,
which have been integrated with the analysis of a huge amount of both published and unpub-
lished surface and subsurface geological and geophysical data (see the scheme on the left
portion of the map). The pre-existing dataset includes: (i) the official 1:50,000 geological map
of the L’Aquila area (Foglio 359 L’Aquila and Foglio 349 Gran Sasso d’Italia of the CARG
Project; APAT, 2006; ISPRA, 2010); (ii) 23 geological maps at different scales (1:2000 to
1:5000), 67 geological cross-sections, 336 borehole data and 6 gravimetric maps produced
during the Seismic Microzoning studies promoted by the Italian Department of Civil Protection
(Gruppo di Lavoro MS–AQ, 2010); (iii) geoelectrical data (Bosi & Bertini, 1970); (iv) gravi-
metric data (Blumetti et al., 2002; Ge.Mi.Na., 1963) and (v) seismic tomography data
(Improta et al., 2012).

The map is implemented within a GIS by means of: DEM and map-based cartographic analy-
sis and morphometry of orography and hydrography (raster and vector data scale 1:25,000, 10 m
grid DEM), photogeological analysis (scale 1:10,000), structural geomorphological field mapping
(scale 1:10,000), basin fill geometry analysis (geophysical and borehole investigations) and tec-
tonic-geomorphological profiles that couple landforms, deposits and terraces (Ascione, Caiazzo,
& Cinque, 2007; Ascione, Miccadei, Villani, & Berti, 2007; D’Alessandro, Miccadei, &
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Piacentini, 2008; Della Seta et al., 2008; Miccadei, Piacentini, Dal Pozzo, La Corte, & Sciarra,
2013; Miccadei, Piacentini, Gerbasi, & Daverio, 2012; Otto, Gustavsson, & Geilhausen, 2011).

The tectonic–geomorphological map of the middle Aterno valley (main map) is the result of a
detailed geomorphological analysis of topographic maps at 1:5000 scale, aerial photos and ortho-
photos at 1:5000–1:33,000 scale (provided by Ufficio Infrastrutture Geografiche, Regione
Abruzzo), a GIS-aided DEM investigation, and geomorphological field surveys. The lithologies
on the map are modified from the official geological map (APAT, 2006; ISPRA, 2010) and are
grouped in to three main units, pertaining to the main lithological successions. The study
allowed the identification of the main erosional/depositional fluvial, karst, complex-polygenic,
structure controlled and tectonic landforms, including active tectonics indicators.

The buried bedrock of the Quaternary infilling of the middle Aterno valley has been recon-
structed based on a GIS-aided correlation and interpolation of all georeferenced subsurface
data. This allowed the generation of a 40 m grid, which represents the thickness of Quaternary
continental deposits and the depth of the top surface of the Mesozoic – Cenozoic pre-orogenic
bedrock and Cenozoic sin-orogenic bedrock (left portion of the map).

4. The map

4.1. Overview

The map incorporates four main sections: orography and hydrography section (upper portion),
subsurface geological setting section (left portion), main tectonic-geomorphological map
section (main map) and the tectonic-geomorphological profiles section (lower portion).The sec-
tions are described in the following sub-sections.

4.2. Orography and hydrography

The whole middle Aterno valley is made up of a succession of adjoining, and partly coalescent,
morphological depressions at elevation ranging from 500 m to 900 m a.s.l. It is NW-SE elongated
for over 40 km with a maximum width of ,10 km. The main topographic lows are (see upper part
of the map): the Barete–Pizzoli plain (700 m a.s.l.); the Scoppito basin (700–750 m a.s.l.); the
Preturo plain (660 m a.s.l.); the western L’Aquila–Coppito plain (640 m a.s.l.); the Monticchio
plain (590 m a.s.l.); the Paganica–San Demetrio plain (550–620 m a.s.l.); the Barisciano plain
(850 m a.s.l.); the Castelnuovo–Civitaretenga plain (740 m a.s.l.); the Navelli plain (670 m a.s.l.).

The L’Aquila and Barisciano highs define three major sub basins, from northwest to south-
east: the western L’Aquila – Coppito basin; the Paganica–San Demetrio basin; the Castel-
nuovo–Civitaretenga basin. These basins are surrounded, towards SW and NE, by NW-SE
elongated ridges of carbonate rocks, with elevations ranging from 1000 m to .2000 m, up to
the 2912 m a.s.l. high Gran Sasso massif (toward the NE; Figures 2 and 3) and to the 2204 m
a.s.l. high Mt. Ocre (towards the SW). Minor ridges are located within the major basins, and sep-
arate adjacent plains outlining a very articulate physiography.

The whole middle Aterno valley is presently crossed from the NW to the SE by the Aterno
River, and it is included in the Aterno drainage basin. Only the Castelnuovo–Civitaretenga
plain pertains to an endoreic drainage basin. The drainage pattern is mostly angular with some
patches of parallel, trellis and contorted patterns. Local multibasinal and contorted patterns
characterise the karst areas in the NE part of the study area. The azimuth distribution of the drai-
nage network for the main drainage sub-basins shows that the general angular pattern is devel-
oped mostly on NW-SE and SW-NE orientations, and secondarily on NNW-SSE and WSW-
ENE orientations.
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The long profiles and steepness index investigation (Wobus et al., 2006) outline several knick
points along the main rivers in the study area. Some either sharp or smooth knick points are also
present along the Aterno River, in the middle and lower parts, which are also depicted on the main
map. These features are related to lithostructural control or to tectonic features.

The overall configuration of the drainage, suggests a complex evolution of the hydrography
marked by strong modifications over time.

4.3. Tectonic geomorphology

The three major sub-basins which occur in the study area (i.e., western L’Aquila–Coppito, Paga-
nica–San Demetrio and Castelnuovo–Civitaretenga basins) are bounded by main NW-SE trend-
ing extensional faults/fault systems at their NE and SW boundaries and recent studies note that
such faults/fault systems are still active (e.g., Blumetti et al., 2013; Boncio et al., 2010; Di
Bucci, Vannoli, Burrato, Fracassi, & Valensise, 2011; Galli et al., 2010; Pizzi & Galadini,
2009; Tallini et al., 2012). However, on the basis of coupled surface and subsurface evidence,
it appears that the present-day morphotectonic setting results from a complex and long-lived evol-
ution, also including a migration of the main depocentres (e.g., the Paganica–San Demetrio basin
area; Giaccio et al., 2012 and references therein).

4.3.1. Subsurface geological setting

Overall information from borehole stratigraphy and from geophisycs has been used to reconstruct
the subsurface geological model of the middle Aterno valley (APAT, 2006; Blumetti et al., 2002;
Bosi & Bertini, 1970; Ge.Mi.Na., 1963; Gruppo di Lavoro MS–AQ, 2010; Improta et al., 2012).
The thickness of the continental infilling is constrained by 13 drillings reaching the basin bedrock,
which consists of Mesozoic–Cenozoic carbonate rocks, and Miocene– Lower Pliocene sandy–
silty silicoclastic deposits. Deep drillings point to the occurrence of around 190-m thick deposits

Figure 3. Panoramic view of the middle Aterno River valley from west.
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in the areas around L’Aquila and between Bazzano and Onna, respectively. However, the occur-
rence at some places of much larger cumulative sedimentary thickness is inferred from geophy-
sical information.

The reconstructed subsurface geological model points to the occurrence of five main depocen-
tres, located in the NW, central and SE parts of the middle Aterno valley. These are respectively
located: (i) to the SW of L’Aquila (inferred maximum bedrock depth around 350–400 m; orien-
tation N150), (ii) to the west of the Bazzano and Monticchio carbonate ridges (maximum depth
around 350–400 m; orientation N90), (iii) in the middle part of the Paganica–San Demetrio basin
(depth around 250–300 m; orientation N150), (iv) in the SE part of such basin (San Demetrio
area; estimated maximum bedrock depth .550 m; orientation N050), and (v) to the SW of Bar-
isciano, in the Castelnuovo–Civitaretenga basin (again estimated maximum bedrock depth
.550 m; orientation N120).

The buried bedrock morphology only partly mirrors the spatial distribution of the present-day
topographic highs and lows. In fact, while the depocentre in the middle Paganica–San Demetrio
basin develops in the subsurface of the present-day alluvial basin, very thick (≥400/500 m) sedi-
mentary bodies identified in the NW and SE parts of the middle Aterno valley overlap topographic
highs interposed between the modern alluvial/lacustrine plains (see main map). Outcropping
units, in such highs, are relatively old Lower to Middle Pleistocene – alluvial/lacustrine succes-
sions. Overall evidence testifies to important changes in the perimeter of the depocentres in the
middle Aterno valley over the Early Pleistocene to present time span.

4.3.2. Morphotectonic features (Main Map)

Mapped landforms are focused around the main morphotectonic features of the landscape. They
have been grouped in to the following categories: structural, fluvial, lacustrine, karst, and complex
landforms. The lithologies on the map (modified from APAT, 2006; ISPRA, 2010) are grouped in
to three main units, pertaining to the main lithological successions:

– Quaternary continental deposits (Postorogenic succession);
– Arenaceous-pelitic bedrock (Synorogenic succession);
– Calcareous bedrock (Preorogenic succession).

Structural landforms.
Structural landforms are represented by structural and fault-related slopes and ridges (dip slopes,
fault scarps, fault escarpments, triangular facets, saddles; Figure 4) and fault-controlled fluvial
features (subsequent and back-tilted valleys). Fault-controlled landforms show a dominant
NW-SE trend, and a subordinate E-W trend (e.g., the northern fault escarpment of Mt. Cerro,
which rises from the Paganica–San Demetrio basin floor). Widespread, several tens to a few
hundred metres high fault escarpments, and minor fault scarps, provide evidence that activity
of the dense network of sub-parallel, NW-SE trending and both SW and NE dipping, extensional
faults (spanning from the middle Aterno valley to the SW the Gran Sasso ridge footslope) has
strongly controlled landscape development in the study area (as suggested by Bertini & Bosi,
1993; Giaccio et al., 2012, for the Paganica–San Demetrio and neighbouring area).

Mainly NW-SE trending fault escarpments outline the boundaries of the western L’Aquila–
Coppito, Paganica–San Demetrio and Castelnuovo–Civitaretenga basins. The fault escarpments
display variable dissection degree (e.g., the faceted Mt. Pettino front), and steepness. The steeper
escarpments are formed in carbonate rocks, whereas the smoother ones are formed in more erod-
ible rocks (e.g., Lower Pleistocene lacustrine deposits of the Postorogenic succession) outcrop-
ping in the NE mountain front (e.g., Poggio Picenze area) of the Paganica–San Demetrio
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basin. All these basins are characterised by an overall morphostructural asymmetry. The western
L’Aquila–Coppito and Castelnuovo–Civitaretenga basins are bounded towards the NE by
straighter (in plan view) and higher fault escarpments than on the SW side. They may be con-
sidered the long-term surface expression of the main faults at their NE boundaries, which are
also known as active extensional faults, respectively the Mt. Pettino fault and the San Pio fault
(Di Bucci et al., 2011). Morphostructural asymmetry also characterises the Paganica–San Deme-
trio basin. It is bounded to the SW by straight (both in profile and in plan view) fault escarpments
developed on faults which control the subsurface basin architecture (left portion of the map; see
also Improta et al., 2012). On the other hand, the NE mountain front displays a more mature, com-
posite profile, with several slope breaks related to the occurrence of uplifted terraces and alluvial
fans and paleosurfaces (e.g., the Paganica and San Demetrio areas, and NE areas; Figure 4(a–c);

Figure 4. Morphotectonic features: (a) fault escarpment and tectono-karst basin in the Santo Stefano di Ses-
sanio area (in the background fault escarpment at the front of Mt. Ocre); (b) detail of a fault scarplet at the
base of a fault escarpment in the Santo Stefano di Sessanio area; (c) dip slope on Upper Pliocene–Lower
Pleistocene breccias in the Barisciano area; (d) fault escarpment on the northern slope of Mt. Cerro
(lateral view from the village of Fossa); (e) Mt. Bazzano fault scarp; (f) evidences of reactivation after
the 6 April 2009 Mw. 6.3 L’Aquila earthquake on the Mt. Bazzano fault scarp.
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see Complex landforms section). Such features suggest that the fault system at the NE basin
boundary (which is still active) recorded long-lived, unsteady activity. Geomorphic evidence
points to recent activity of faults at the SW basin boundary. This is inferred from the composite
profile of the Bazzano fault escarpment, showing a marked steepening in its basal part, and by the
occurrence of rectilinear scarps following the toe of the Fossa fault scarp (see below). It is worth
noting that fault systems bounding on both sides the Paganica–San Demetrio basin (i.e., the so-
called Paganica, Monticchio–Fossa and Bazzano faults) ruptured during the 6 April
2009 L’Aquila earthquake (Figure 4(e and f); e.g., Boncio et al., 2010; Falcucci et al., 2009;
Vittori et al., 2011 and references therein).

The almost flat Paganica–San Demetrio basin floor is characterised by the occurrence of some
several km long, �1 m high, rectilinear, NW-SE trending scarps detected by detailed topography
analysis. In some cases, these scarps correspond to features of the fluvial pattern (straight NW-
trending trunks, knickpoints), which is particularly sensitive to tectonic perturbations (Ascione,
Caiazzo, & Cinque, 2007a; Ascione, Mazzoli, Petrosino, & Valente et al. and references therein).

Further structural landforms have been identified in the area N of L’Aquila. These consist of
overfilled valley floors bounded downstream by narrow gorges. Such features have been inter-
preted as the result of back tilting along a NW-oriented, SW-dipping extensional fault, and
mapped as back-tilted valleys.

Fluvial landforms.

Active and relic fluvial landforms and alluvial fans are widespread over the entire study area. The
poorly dissected active Aterno River alluvial plain has been subdivided into two sectors, i.e. the
western L’Aquila-Coppito plain to the NW, and the Paganica–San Demetrio plain to the SE. They
are separated by a NW-SE-oriented gorge cut in Quaternary deposits (calcareous breccias) south
of the town of L’Aquila. The western L’Aquila–Coppito and the Paganica–San Demetrio alluvial
plains are bounded by fluvial terraces on their left sides. Three orders of terraces have been dis-
tinguished. The complete flight of fluvial terraces is well exposed in the San Demetrio area.

Mapped alluvial fans mostly occur along the northeastern mountain front of the Aterno valley,
in which three generations of fans have been distinguished. They include both active (most of the
third-order fans, e.g., the large depositional body of the Paganica alluvial fan) and dissected land-
forms. Incised, and in some instances eroded, alluvial fans, correspond to the first- and second-
order fans. These are well exposed in the Poggio Picenze and San Demetrio areas.

Mapped fluvial landforms also include both recent (gorges and river bends) and relic (hanging
valleys, windgaps, beheaded valleys) erosional features.

Lacustrine landforms.

A paleo lacustrine depositional surface occurs in the Castelnuovo–Civitaretenga basin. It is a
NW-SE-oriented plain, which lies at an elevation of �800 m a.s.l., hanging about 200 m
higher than the modern Aterno valley floor. It is located upstream of the NW-SE-oriented Civi-
tarenga gorge and saddle.

Karst landforms.

Karst landforms include both recent and dissected tectono-karst plains, dolines, doline fields and
sinkholes.

Most tectono-karst plains are active. They primarily occur in the NE part of the study area
and, in most cases, are characterised by an elongated shape and a NW-SE orientation. Among
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the few dissected tectono-karst plains, the larger one is the Roio plain (SW part of the study
area).

Dolines are widespread in the NE part of the study area and in the low relief landscape which
separates the Castelnuovo paleolacustrine plain from the Aterno valley. Two wide doline fields
have also been identified in the SW part of the study area, which feed the Stiffe caves karst
springs, together with the wide tectono–karst plains in the SW side of the area (Rocca di
Cambio).

Several sinkholes are identified in the Paganica–San Demetrio basin and surrounding areas
(Nisio, 2008; Santo, Ascione, Del Prete, Di Crescenzo, & Santangelo, 2011). Four different
types of ‘karst collapse sinkholes’ (Santo et al., 2011) have been distinguished: (i) recent or his-
torical sinkholes (areas S of the Roio plain and around Fossa); (ii) alluvial sinkholes (areas around
Monticchio and San Demetrio, and the Castelnuovo plain); (iii) cover sinkholes, affecting Qua-
ternary deposits (southern Paganica–San Demetrio basin); (iv) bedrock sinkholes (mountain
fronts bounding both the Castelnuovo and the Paganica–San Demetrio basins). Such features,
based on regional scale studies on the Central and Southern Apennines (Santo et al., 2011), are
interpreted as the surface evidence of deep-seated dissolution phenomena associated with
active faults.

Complex landforms.

Complex landforms consist of low-relief erosional surfaces (i.e., paleosurfaces) carved in the
carbonate bedrock or – more rarely – in the Quaternary deposits. The larger paleosurfaces
occur in the range of 700 m to 1300 m a.s.l., and have been classified based on their elevation
distribution (100 m intervals). Smaller features, lying at elevations .1400 m a.s.l., are undif-
ferentiated. Such features may be interpreted either as eroded and dissected, or offset, rem-
nants of larger landforms, formed in response to fluvial – and associated karst – planation
phenomena.

The highest paleosurface remnants occur on top of the fault-bounded ridges surrounding
the middle Aterno valley. They develop at elevations ranging from �1300 m to 1900 m
a.s.l., and are characterised by an overall stair-like distribution, with decreasing elevation
from both the SW and NE towards the western L’Aquila–Coppito, Paganica–San Demetrio
and Castelnuovo–Civitaretenga alluvial/lacustrine plains. According to regional scale studies
(e.g., Galadini, Messina, Giaccio, & Sposato, 2003), the paleosurfaces on top of the carbonate
ridges result from the fragmentation of low-relief landscapes, which were formed at low
elevation during the Pliocene, and subsequently uplifted and displaced due to the activity of
normal faults. However, local studies carried out in the area surrounding the Paganica–San
Demetrio basin (Giaccio et al., 2012) point out that formation of the erosional/depositional
surface remnants, located up to about 1100 m a.s.l. (which in some instances postdate activity
of extensional faults), is coeval with the Quaternary tectonic/depositional evolution of the
Aterno valley.

Progressively younger paleosurfaces, formed at different intervals breaching the base level
lowering, may be distinguished from features derived from offset of a formerly continuous
low-relief landscape based on both their spatial distribution, and on the shape of the scarp
which separates two adjacent remnants. Within the flights of surfaces of the former type,
younger and lower surfaces are inset in and/or spatially surround higher paleosurfaces, with
the interposed scarps having variable shapes in plan form (e.g., surfaces from 900 to
1300 m in the area to the W and SW of Mt. Rofano and Mt. Ruzza). Conversely, offset
surface remnants are vertically separated, and spatially limited, by straight (although variably
dissected) fault scarps, with the lowered surfaces not cutting across the fault traces (e.g., area
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to the E-NE of Mt. Carpelone and Mt. Camarda on the map). The spatial distribution of the
mapped paleosurface remnants provides information on the early development of the drainage
network in the study area. This is inferred from the remnants hanging from 900 m up to about
1200 m a.s.l. along the flanks of the Raiale river gorge (NE of Paganica). Such surfaces may
be interpreted as strath terraces developed during stages of the stepped incision of the valley,
which postdates formation of the remnants lying at about 1500 m a.s.l. on top of the ridges on
both sides of the gorge.

4.3.3. Tectonic-geomorphological profiles

Geomorphological and available stratigraphical information on key areas has been synthesised in
three profiles (lower portion of the map), chosen based upon available deep boreholes and geo-
physical data. The profiles have been based on comparison and correlation of subsurface infor-
mation on lithology and thickness of buried bodies (inferred from drillings and geophysics)
with surface morphotectonic field data. Integration of surface and subsurface data with morphos-
tructural information reported above each profile provides a key to the morphostratigraphical and
morphotectonic framework of the study area.

The profiles clearly show the increasing thickness of continental deposits moving towards the
SE sector of the basin. In particular, sections B and C don’t reach bedrock at 200–300 m of depth.

In profile A (Pettino area) the bedrock is covered by only 20–70 m of Upper Pleistocene–
Holocene alluvial deposits. In the NE part alluvial deposits are separated by fault escarpments
and triangular facets and dissected by subsequent valleys.

Profile B, located near L’Aquila town, shows a thick continental sedimentary body character-
ised, in the first �50–100 m of depth, by slope breccias (Lower Pleistocene). These breccias lie
on lacustrine clay and silt deposits about 250-m thick which can be ascribed to Upper Pliocene–
Lower Pleistocene time. The deepest portion (last 150 m) of this lacustrine succession (Upper
Pliocene) is known only by deep borehole data and is characterised by the presence of lignite
deposits (Ge.Mi.Na., 1963; Gruppo di Lavoro MS-AQ, 2010). The Quaternary continental suc-
cession is uplifted and dissected by a wide gorge; paleosurfaces are preserved on both sides of
the valley, on continental deposits or bedrock. The valley is bounded by wide fault escarpments.

Profile C outlines the very thick (up to .500 m) Upper Pliocene-Middle Pleistocene conti-
nental succession passing from a lacustrine environment to a deltaic and fluvial environment
with a clear regressive trend. This succession is bounded toward SW by NW-SE trending and
NE dipping faults characterised by a wide fault escarpment; toward NE it is displaced and uplifted
by extensional tectonics along NW-SE trending and SW dipping faults outlined by fault scarps
and escarpment and by a stair-like sequence of paleosurfaces on Quaternary continental deposits.
The NE side of the middle Aterno valley, is characterised by remnants of high elevation paleo-
surfaces on bedrock, dissected by several NW-SE elongated tectono-karst basins, bounded by
NE dipping and SW dipping fault escarpments.

5. Conclusion

This work led to the production of the Tectonic-geomorphological map of the middle Aterno
River valley (Abruzzo, Central Italy). This map incorporates orography and drainage network
data, surface morphotectonic data, and subsurface sedimentary basin models. The map contrib-
utes the recognition of morphotectonic features at basin scale, the detection of tectonic control
on landscape, and the reconstruction of paleo-landscapes, by means of tectonic-geomorphological
profiles. It also contributes to the definition of the main phases of post-orogenic landscape evol-
ution in the tectonic intermontane basins along the middle Aterno River valley (Apennines chain)
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from the Early Pleistocene to Present. This results from the link between alternating morphotec-
tonics and surface processes, due to regional rock uplift processes, local tectonics and alternating
slope, fluvial and karst processes.

Overall information shows that the modern topographic lows represent a delayed response to
the extensional tectonics, which have been active in the study area at least since the Early Pleis-
tocene. A sequence of fault escarpments bounds the basins on both sides (NE and SW) outlining
step-like (SW) and ridge and basins (NE) landscapes, displacing and truncating previous paleo-
surfaces resting on both bedrock and Quaternary continental deposits.

The formation of the western L’Aquila–Coppito, Paganica–San Demetrio and Castelnuovo–
Civitaretenga basins as tectonic basins along NW-SE trending, SW-dipping Mt. Pettino, Paga-
nica-San Demetrio and Castelnuovo fault systems, and NW-SE trending NE-dipping Bazzano-
Fossa fault system, caused a significant change in the middle Aterno valley perimeter, in the
spatial distribution of the main topographic highs and lows, and in the drainage basins and
network geometry. Former (Early Pleistocene to early Middle Pleistocene) depocentres, outlined
by the Quaternary continental deposits thickness analysis, have been affected by the mentioned
fault systems, also giving rise to either dissected (i.e., the gorge cut in the L’Aquila high), or
undissected, thresholds (i.e., saddles, wind gaps) which separate the present-day drainage
basins from endoreic areas. Evidence of such phenomena is represented by the uplifted terraces
(formed in the Lower to Middle Pleistocene lacustrine/alluvial successions), and erosional sur-
faces in the area spanning from Paganica to San Demetrio, in the Barisciano high, and in the
L’Aquila area.

Software

The map presented in this work has been produced in two phases, carried out using different soft-
ware applications. In the first phase, vector and raster data and the main map were managed using
Esri ArcGIS10.1. In the second phase, the final editing was managed with Corel Draww.
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