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ABSTRACT
A 1:5,000 scale geological map and 31 geological cross-sections are presented for the
surroundings of Amatrice village (central Apennines, Italy), epicentral area of the first
damaging earthquake of the 2016–2017 seismic sequence. This detailed geological dataset
focuses on: (i) the extent, the thickness, and the internal stratigraphic architecture of the
Quaternary continental deposits; (ii) the bedding and the thickness of the Miocene
substratum; and (iii) the spatial distribution of the main fault systems. The provided dataset
would update the available regional geological maps in deciphering the syn-to-post-orogenic
history of the Amatrice Basin. Eventually, the accuracy of the geological mapping would
represent a basic tool for interpreting and integrating the multidisciplinary dataset deriving
from post-seismic activities.
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1. Introduction

This work shows the results coming from a 1:5,000
scale geological survey performed in the area sur-
rounding the Amatrice village (central Apennines,
Italy; Figure 1(a)), where the 2016–2017 seismic
sequence produced a dramatic devastation of many
villages and a death toll of around 300 people. After
the first seismic event (on 24th August 2016), this
area was immediately subject of field recognitions to
collect information related to the seismic shock on,
among others, landslides, block falls, hydrodynamic
modifications, surficial ruptures propagation and
directionality, roads and bridges damage. At the
same time, the scientific community faced (and it is
still facing) many aspects of the seismic event, by
investigating the nature and the kinematics of the
seismic rupture (e.g. Falcucci et al., 2016; Pischiutta,
Akinci, Malagnini, & Herrero, 2016; Roselli & Mar-
iucci, 2016; Tinti, Scognamiglio, Michelini, & Cocco,
2016), the co-seismic effects at the surface (e.g. Arin-
goli et al., 2016; EMERGEO W.G., 2016; Galli, Caste-
netto, & Peronace, 2017; Galli et al., 2016; Livio et al.,
2016; Smeraglia, Billi, Carminati, Cavallo, & Doglioni,
2017), and the assessment of local site effects in com-
parison to the building damage pattern (e.g. Caserta
et al., 2016; Cultrera et al., 2016; Gaudiosi et al.,
2016).

Available geological maps (Koopman, 1983; Centa-
more et al., 1991a, 1991b; Cacciuni, Centamore, Di Ste-
fano, & Dramis, 1995) and field-based works (e.g.
Blumetti, Dramis, & Michetti, 1993; Blumetti & Guer-
rieri, 2007; Festa, 2005) provide regional scale infor-
mation on the stratigraphic setting, tectonic
structures, and morphologies that resulted from the
geological history of the area surrounding the Amatrice
village. Anyway, updating and detailing the knowledge
of the surface geology of the area struck by the seismic
crisis appear essential for: (i) assisting the geophysical-
geotechnical dataset; (ii) underlining factors leading to
site effects; and (iii) supporting the activities connected
to the post-seismic re-building.

The surveyed area corresponds to the central part
of the Amatrice Basin, a triangular-shaped morpho-
structural depression developed during the post-oro-
genic (upper Pliocene-Quaternary) phases of the cen-
tral Apennines. The main results are reported in a
1:5,000 scale geological map (three sheets in Figures
A1–A3; Coordinate Reference System: WGS 84
UTM 33N – EPSG: 32633) and 31 geological cross-
sections (Figures A4 and A5). The geological map-
ping is based on field exposures and facies analysis
at local-scale, with the aim to illustrate the main stra-
tigraphic and structural features for the central part of
the Amatrice Basin.
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2. Geological setting

The Amatrice Basin is an intramountain depression of
the central Apennines, a Neogene fold-and-thrust belt
produced by the eastward migration of the thrust
fronts and related foredeep basins in a classical
piggy-back style (e.g. Doglioni, Harabaglia, Martinelli,
Mongelli, & Zito, 1996; Patacca, Sartori, & Scandone,

1990), with activation of major out-of-sequence thrust
systems in the upper Messinian-Lower Pliocene time
(e.g. Billi & Tiberti, 2009; Parotto & Praturlon, 1975).
One of the most external Miocene-to-Pleistocene fore-
deep basin of the central Apennines is represented by
the Laga Basin (Figure 1(b)), which hosts more than
2000 m-thick confined turbiditic bodies (the Laga

Figure 1. (a) Geographical localisation of the study area; (b) geological map of the central Apennines showing the main strati-
graphic-structural domains; (c) geological setting of the Amatrice Basin (modified and readapted after Mariucci, Montone, & Pier-
dominici, 2010).
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Formation) including a pre-evaporitic (upper Torto-
nian-lower Messinian), an evaporitic (middle Messi-
nian), and a post-evaporitic (upper Messinian)
member (Roveri, Bassetti, & Ricci Lucchi, 2001). Start-
ing from the Pliocene, the post-orogenic phase shaped
the previous thickened tectonic setting of the central
Apennines, leading to the activation of main exten-
sional faults (e.g. Cavinato & DeCelles, 1999; Malin-
verno & Ryan, 1986; Pauselli, Barchi, Federico,
Magnani, & Minelli, 2006) and formation of fault-
bounded intramountain basins (e.g. Cavinato, Carusi,
Dall’Asta, Miccadei, & Piacentini, 2002; Giaccio
et al., 2012; Mancini et al., 2012; Nocentini et al.,
2017; Pucci et al., 2015).

Located at the southwestern portion of the Laga
Basin (Figure 1(c)), the Amatrice Basin is tectonically
bounded by the slope-to-basinal successions of the
Sibillini Domain, to the west, and of the Gran Sasso
Domain, to the south. To the east, the Amatrice
Basin is bounded by a major west-dipping extensional
fault system (the Gorzano-Laga Fault; hereafter named
GLF) that was seismically active during the late Qua-
ternary (e.g. Boncio, Lavecchia, Milana, & Rozzi,
2004; Calamita & Pizzi, 1994; Cello, Mazzoli, Tondi,
& Turco, 1997; Galadini & Galli, 2003),as well as
during the 2016–2017 seismic sequence (e.g. Lavecchia
et al., 2016; Pizzi, Di Domenica, Gallovič, Luzi, & Pug-
lia, 2017).

The Amatrice Basin is filled by the pre-evaporitic
succession of the Laga Formation, covered by Qua-
ternary continental units deposited during the post-
orogenic phases (e.g. Centamore et al., 1991a,
1991b; Cacciuni et al., 1995). The maximum thickness
of the Laga Formation in the Amatrice Basin is
∼1200 m (Bigi, Casero, & Ciotoli, 2011). At the bot-
tom, the Laga Formation passes to a succession of
marls and marly limestones (named Marne con Cer-
rogna Formation and Marne ad Orbulina Formation),
a Langhian-to-Lower Messinian pelagic succession that
is presently exposed at the footwall of the GLF. At the
top, the Laga Formation is covered by up to 60 m-
thick of continental deposits (Lower Pleistocene-Holo-
cene in age) arranged in a complex setting of alluvial
fans and fluvial terraces (Cacciuni et al., 1995).

3. Geological survey

The 1:5,000-scale geological survey was firstly focused
on the areas encompassing the main villages and ham-
lets that were struck by the shocking 24th August event.
Then, the field survey was extended to more peripheral
areas to make stratigraphic and structural correlation
at the scale of the entire basin.

We performed field analyses on:

. The nature, thickness, and extent of the continental
cover deposits. The continental deposits were

classified according to the facies analysis and strati-
graphic architecture of fluvial and alluvial deposits
(e.g. Miall, 2016). Horizontal correlation between
different terraced deposits were considered on the
basis of their facies properties and their topographic
position (terrace levels from the youngest to the old-
est) with respect to the present-day fluvial drainage
network.

. The lithology of the Miocene substratum. Follow-
ing the available regional mapping (Koopman,
1983; Centamore et al., 1991a, 1991b; Cacciuni
et al., 1995) and recent stratigraphic and sedimen-
tological studies (e.g. Artoni, 2003; Marini, Felletti,
Milli, & Patacci, 2016; Marini, Milli, Ravnås, &
Moscatelli, 2015; Milli, Moscatelli, Stanzione, &
Falcini, 2007), particular attention was devoted to
the identification and spatial distribution of the
different lithofacies for the pre-evaporitic member
of the Laga Formation that widely exposes in the
surveyed area.

. The bedding of the Miocene substratum, through
the identification of primary (sedimentary in origin)
or secondary (tectonic-related) mesoscale geome-
tries. Within the different lithofacies of the Laga For-
mation, the bedding was firstly analysed in terms of
stratigraphic way-up (direct vs. overturned) by the
identification of distinguishing criteria used for sedi-
mentary rocks (e.g. graded bedding across the bed-
sets, cross-laminations, convolute laminations,
occurrence of sole marks and/or bioturbations; Col-
linson, Mountney, & Thompson, 2006; Tucker,
1982). Then, strike and dip of bedding surfaces
were measured to reconstruct the geometry of the
map scale geological structures.

. The spatial distribution, geometry, and kinematics
of the main faults cross-cutting the Miocene sub-
stratum. The main fault surfaces were measured
in terms of their strike and dip. The direction of
the fault slip vectors was inferred from slickenlines,
abrasion striae, grooves, and local calcite fibres.
Then, particular attention was devoted to cross-
cutting and overprinting relationships to under-
stand the relative timing of slip events over fault
surfaces.

4. The 1:5,000 scale geological map

4.1. Study area

The area we mapped (about 70 km2 in surface exten-
sion) extends from the Scandarello Lake (to west) to
the Gorzano Mt (to east) and encompasses most of
the villages and hamlets of the Amatrice municipality,
from Saletta (to north) to San Lorenzo a Pinaco (to
south) (Figure 1(c)).

The central-western part of the study area (i.e. west
to the Voceto village; Figure 1(c)) is characterised by
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flat-lying or mildly hilly morphology, with elevations in
the 800–1000 m range. The eastern part, on the con-
trary, is characterised by a steep morphology

corresponding to the western flank of the Gorzano
Mt, with elevations up to 1500 m (Figure 2). Along
the western flank of the Gorzano Mt, westerly

Figure 2. – Eastward panoramic view of the surveyed area with indication of the Amatrice village, in the foreground, and the trace
of the Gorzano Fault, in the background.

Figure 3. (a) Selected stratigraphic logs and (b)-(i) field exposures used for reconstructing the general stratigraphy; (b–c) Retrosi
Unit (URT): clast-supported conglomerates and gravels; (d) Amatrice-Sommati Unit, sandy member (UASs): yellowish massive-to-
slightly bedded sands with silty matrix; (e–f) Amatrice-Sommati Unit, conglomeratic member (UASc): tabular conglomerates and
gravels; (g–h) Laga Formation, siltstone-dominated lithofacies (LAGp): well bedded, centimetre-to-decimetre-thick planar beds
of beige siltstone; (i) Laga Formation, sandstone-dominated lithofacies (LAGa): massive tabular and lenticular beds of grey to
brown, medium-sized sandstone.
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down-stepped and relatively flat-topped relieves at
intermediate elevations occur.

The study area is drained by the Tronto River and
its tributaries. The main trunk of the Tronto River,
which flows northward, is disposed WNW-ESE
near Amatrice and Retrosi villages, then it turns
NNW-SSE towards the Saletta village, to the
N. Steep escarpments (from few metres to 40 m)
run along both the main trunk of the Tronto River
and its tributaries.

4.2. Stratigraphy

We distinguished three main stratigraphic-sedimen-
tary systems by combining analysis of selected strati-
graphic-sedimentologic logs (Figure 3(a)) and
observation of field exposures (Figure 3(b–i)). These
are, from top to bottom: (i) the ubiquitous Quaternary
continental deposits, (ii) the Pleistocene continental
deposits, and (iii) the Miocene substratum.

4.2.1. The ubiquitary Quaternary continental
deposits
The ubiquitary Quaternary continental deposits are scat-
teredwithin the investigated area. These deposits include:

. anthropogenic deposits (ra);

. landslide deposits (df), including slides and rock-
falls. Holocene-Present in age;

. recent fluvial and floodplain deposits (da). Holo-
cene-Present in age;

. colluvium (dc). Holocene-Present in age;

. silty sands glacis deposits (dg) and encased lenses of
slope deposits (dt). Upper Pleistocene-Present in age;

. terraced alluvial deposits (db) flanking the present
Tronto River and its tributaries. Upper Pleistocene
in age.

4.2.2. Pleistocene continental deposits
The Pleistocene continental deposits consist of a series
of aggradational river terraces (Cacciuni et al., 1995)
reaching the maximum thickness (up to 60 m) at the
centre of basin, i.e. below Rocchetta, Sommati and
San Lorenzo e Flaviano villages.

The Pleistocene succession encompasses two main
units: the Retrosi Unit and the Amatrice-Sommati Unit.

. The Retrosi Unit (URT) corresponds to an aggrada-
tional terrace consisting of up to 30–40 m thick
clast-supported conglomerates and gravels (Figure
3(b,c)), locally covered by few metres of fine sands.
The age of the URT is inferred to be Middle Pleisto-
cene on the base of stratigraphic correlation (Cac-
ciuni et al., 1995);

. The Amatrice-Sommati Unit (UAS), consisting of up
to 60 m-thick fluvial deposits of active channel

environment and alluvial fan deposits, encompasses
a lower conglomeratic member (UASc) and an
upper sandy member (UASs). While the UASs mem-
ber is composed of massive-to-horizontal bedded
sands with silty matrix and lenticular clusters of
rounded cobbles (Figure 3(d)), the UASc member is
composed of the multistorey and multilateral stack
of lenticular and tabular conglomerates and gravels
(Figure 3(e,f)). The overall UAS is attributed to the
Lower-Middle Pleistocene based on morphologic-
stratigraphic correlation with regional stratigraphy
of the central Apennines (Blumetti & Guerrieri,
2007; Blumetti et al., 1993; Cacciuni et al., 1995).

4.2.3. Miocene substratum
The Miocene substratum encompasses, from top to
bottom, the pre-evaporite succession of the Laga

Figure 4. Stereographic projections (Schmidt net, lower hemi-
sphere) for (a) the bedding of the Laga Formation and (b) the
normal faults detected in the study area.
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Formation, the Marne ad Orbulina Formation, and the
Marne con Cerrogna Formation.

. The pre-evaporite member of the Laga Formation
(up to 850 m on outcrop) is composed of siliciclastic
turbidite deposits of the deep-sea fan depositional
system (Marini et al., 2015, 2016; Milli et al.,
2007). This turbidite succession includes three
main lithofacies associations, which are from top
to bottom: (i) a siltstone-dominated lithofacies
(LAGp) composed of well bedded, centimetre-to-
decimetre-thick planar beds of grey to beige siltstone
(Figure 3(g,h)) locally alternated with fine sandstone
and 2-to-6 m thick bedsets of tabular sandstone; (ii)
a sandstone-dominated lithofacies (LAGa) com-
posed of 1–6 m thick massive tabular and lenticular
beds of grey to brown, medium-sized sandstone
(Figure 3(i)), locally interlayered with dm-thick silt-
stone beds; and (iii) the basal sandstones (LAGab)
consisting of tabular and lenticular bedsets (2–8 m
thick and several decametres wide) of grey to
beige, medium-sized, massive to through cross-

laminated sandstone. The age of this pre-evaporite
member is lower Messinian (Centamore et al.,
1991a, 1991b; Festa, 2005).

. The Marne ad Orbulina Formation (MOR) is com-
posed of 60 m thick, blue-grey laminated marls
organised into thin (5–10 cm thick), regular planar
beds. The age is Tortonian (Centamore et al.,
1991a, 1991b; Festa, 2005).

. The Marne con Cerrogna Formation (MCC) is com-
posedof grey,massiveor crudely stratifiedmarls inter-
calated with several metres thick lenses of calcarenite.
The age is Langhian-Tortonian (Centamore et al.,
1991a, 1991b; Festa, 2005).

4.3. Structural dataset

We collected structural information about the bedding
surfaces (both right-side and overturned) of the LAGa
and LAGp lithofacies. The statistical analysis of the
right-side bedding dataset shows dominant NW-SE
and NE-SW orientations (Figure 4(a)). The NW-SE-
striking bedding occurs on the western sector of the
surveyed area (i.e. along the Tronto River), as well as

Figure 5. Location of the geological cross-sections presented in Figures A4, A5.
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along the western flank of the Gorzano Mt and
approaching the GLF, on the eastern sector. The NE-
SW-striking bedding mainly prevails within the central
portion of the basin, eastward to the Tronto River,
where minor undulation of the bedding are due to
local folds with a wavelength in the order of few tens
of metres. The NW-SE-striking overturned, west-dip-
ping bedding occurs along the morphological ridge
located between the Torrente Castellano and the Scan-
darello Lake (to the west of the Tronto River), where
both the LAGa and LAGp are deformed in anticline-
syncline geometries associated to reverse faulting.

Tectonic structures affecting the Miocene substra-
tum include reverse faults, normal faults, and undefined
faults (i.e. whose kinematics has been not clarified).
NW-SE-striking reverse faults prevails on the western-
most part of the surveyed area (i.e. the area surrounding
the Scandarello Lake), causing the stacking of both the
LAGa and LAGp in a multi-layered succession.

The cumulative analysis of normal faults data
(Figure 4(b)) shows a dominant population oriented

NW-SE (N165°, 63°) and a subordinate population
oriented E-W (N273°, 76°). Normal faults are widely
distributed within the basin and they mainly belong
to the GLF (on the eastern side of the surveyed
area) and to the Amatrice Fault System (running in
the central part of the surveyed area, to the west of
Amatrice). Normal fault segments belonging to the
GLF are mainly NW-SE-striking and dipping to SW
at angles higher than 50°. Several branches and seg-
ments of the GLF run at lower altitudes moving
towards the centre of the basin. The Amatrice Fault
System consists of a complex network of up-to-
1 km-long, NNW-SSE-striking fault segments that
are interrupted and dislocated by the E-W-striking
fault segments. Some of the NNW-SSE-striking faults
have morphological expression through the occur-
rence of steep escarpments running along eastern
banks of the Tronto River and the Torrente Castel-
lano, bounding NW-SE-striking morphological ridge
from Cornillo Vecchio to Arafranca-Pinaco, from
north to south.

Figure 6. (a) Extract of the 1:5,000 scale geological map (see the Main Map; Figures A1–A3) used for comparison with the (b)
damage pattern (buildings, roads, and crisis information) detected after the first seismic sequence (on 24th August 2016). Grading
maps are available at http://emergency.copernicus.eu/mapping/list-of-components/EMSR177.
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5. Geological cross-sections

We present 31 geological cross-sections at scale 1:5,000
mainly centred across the urban settlements (Figure 5,
A4, A5). Geological cross-sections were oriented as
much as possible perpendicular to the dominant strike
of bedding strata and/or tectonic structures (e.g. faults),
with the aim to show thickness and lateral-vertical stra-
tigraphic relationships between the Quaternary conti-
nental deposits and the Miocene substratum, as well
as the attitude and throw of the main fault systems.

Areas characterised by complex stratigraphic
relationships (e.g. sharp lateral thickness variation,
interfingering, change in bedding attitude) were investi-
gated by roughly perpendicular, and intersecting, cross-
sections (see cross-sections named Saletta, PoggioVitel-
lino, Retrosi, Amatrice, Capricchia in Figures 5, A4, A5),
with the aim to reconstruct the three-dimensional
spatial geometry of the subsurface settings.

Areas characterised by wide exposure of the Pleisto-
cene continental deposits were investigated by a series of
parallel cross-sections, with the aim to document thick-
ness variation and internal stratigraphic architecture of
these post-orogenic covers, as well as their relationships
with the underlying Laga Formation lithofacies (see
cross-sections named Rocchetta_AB, Sant’Angelo_AB,
and Prato-Voceto_AB in Figure 5, A4, A5).

Areas characterised by complex network of fault
systems (e.g. along the Amatrice Fault System) were
investigated by a series of parallel and hectometre-
spaced cross-sections, with the aim to highlight
along-strike and across-strike variations of throw and
bedding attitude (see cross-sections named Cornillo
Vecchio-Sommati, Amatrice, and San Lorenzo a
Pinaco in Figure 5, A4, A5).

6. Discussion

The 1:5,000 scale map (Figures A1–A3) and cross-sec-
tions (Figures A4 and A5) presented in this work pro-
vide an accurate cartographic tool for the geological
understanding of the Amatrice Basin in central Apen-
nines (Italy). The presented geological dataset updates
regional-scale geological maps available for the Ama-
trice Basin in terms of origin, nature, spatial distri-
bution of the main lithotypes (belonging both to the
Quaternary continental deposits and to the Miocene
substratum) and relevance of tectonic deformation
pattern.

The detailed scale of mapping provides the base for
supporting and integrating the wide multidisciplinary
(seismological, geotechnical, geophysical, engineering)
dataset produced for the Amatrice Basin. In particular,
we refer to local-scale subsoil models aimed at assessing
the earthquake-induced site effects in comparison to the
observed damage pattern since the first seismic event on
August 2016. The resultant geological map provides

spatially distributed information useful for evaluating
the effects due to the seismic amplification and the
polarisation of seismic waves, as well as to understand
additional causative elements that may be at the origin
of the elevated damage level. As an example, in Figure
6(a,b) is shown the different damage suffered by the
Amatrice village and the Cornillo Vecchio settlement
after the 24th August 2016 seismic schock.

On this regard, we conclude that a detailed geologi-
cal survey contributes to reinforce the study of seismic
microzonation and the assessing of seismic hazard in
urban areas.

Software

The collected field dataset was georeferenced using
QGIS 2.12.1 version. Final editing of the main map
and the cross-sections was performed using Adobe
Illustrator CS6.
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