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Introduction. This study consists in a multiparametric data analysis carried out by the 
integration of tectonic, seismic and gravimetric datasets in GIS (Geographic Information 
System) environment, with the aim of identifying seismogenic structures and constrain their 
geometry. We have chosen three areas to test this innovative approach:

• Abruzzo area (central Italy), one of the most active zones from a geodynamic point ofAbruzzo area (central Italy), one of the most active zones from a geodynamic point of 
view of the Italian Apennines. It is characterized by the occurrence of intense and widely 
spread seismic activity. The NE–SW extensional regime affecting this portion of the chain 
generated subparallel NW–SE trending normal fault systems and large intermountain 
extensional basins such as the L’Aquila, Sulmona and Fucino ones (Lavecchia et al., 
2012). The L’Aquila area was struck by the Mw 6.1 earthquake (on April 6, 2009) and by 
its sequence;

• San Giuliano di Puglia area (Molise, southern Italy), whose 2002–2003 seismic sequenceSan Giuliano di Puglia area (Molise, southern Italy), whose 2002–2003 seismic sequence 
(two main events with Ml 5.4 and 5.3, recorded on October 31 – November 1, 2002) was 
close to the frontal thrust of the Apennine units. Nevertheless, the hypocentral depths 
indicate that the earthquakes were located below the underlying Apulian shelf-carbonate 
sequence (Valensise et al., 2004; Galli et al., 2004; Chiarabba et al., 2005);

• Massico Mt., a NE trending carbonatic horst in the northern Campanian region (southernMassico Mt., a NE trending carbonatic horst in the northern Campanian region (southern 
Italy) bordered by two anti-Appenninic normal faults that separate it from the two 
depressions of Garigliano and Volturno rivers (Billi et al., 1997). The fault in the northern 
sector of the Massico Mt. has a subvertical geometry and the fault in the southern sector 
of the mount is a normal fault dipping 70° SE. 

Data analysis. The “fault dataset” was built by merging all outcropping and buried faults 
extracted from geological and geophysical papers (Cinque et al., 2000; Billi and Salvini, 2000; 
Galadini and Galli, 2000, 2003; Milia et al., 2003; Boncio et al., 2004; Valensise et al., 2004; 
Vezzani et al., 2010; Falcucci et al., 2011; Moro et al., 2013) and from the available structural 
and geological maps: ITHACA catalogue; DISS database, several geological sheets 1:50,000 
from ISPRA-CARG project; the Neotectonic Map of Italy 1:500,000 (Ambrosetti et al., 1987); 
the Structural Map of Italy 1:500,000 (Bigi et al.,1992); Geological Map 1:100,000; Geological 
Map of the southern Apennines 1:250,000 (Bonardi et al., 1988), the Geological- Structural 
map of the central-southern Apennines (Vezzani et al., 2010). The faults extracted have been 
digitalized and plotted on the shaded relief maps of the corresponding three areas. We created 
an attribute table containing for each fault: ID number, age, geographical coordinates, slip rate, 
bibliography. 

The “earthquake dataset” consists of seismic data extracted from the available historical 
and instrumental catalogues: CPTI15 Catalogue of Parametric Italian Earthquakes (Rovida et 
al., 2015) containing the earthquakes locations from year 1000 to 2014 A.D.; ISIDE (Italian 
Seismological Instrumental and Parametric Database) database containing all the Italian 
earthquakes since 1985 recorded by the Italian permanent seismic network. Seismic data have 
been merged in a single data set and an attribute table that includes the date of the seismic event, 
geographic coordinates and the focal parameters for each earthquake was created. 

As regards the “gravimetric dataset”, we performed a Multiscale Derivative Analysis 
(MDA, Fedi et al., 2005) of the gravity field, which makes use of the good resolution properties 
of the Enhanced Horizontal Derivative signal (EHD, Fedi and Florio, 2001), a high-resolution 
edge estimator. We used the MDA to interpret the Bouguer anomalies of the three studied 
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areas. Gravity data are extracted from the Bouguer Gravity Anomaly Map of Italy published 
by CNR (Carrozzo et al., 1986; reduction density: 2.4 g/cm3) with a step grid of 1 km. The 
inclusion of higher vertical derivatives in the EHD allows a good detail for shallower sources. 
By computing a medium scale EHD, we are able to recognize both shallow and deep structures. 
From the MDA gravimetric maps, we have mapped the gravimetric lineaments and created a 
layer with an associated attribute table in which, for each MDA maximum, we reported the 
correlation with the local topography and the correlated fault and earthquakes. Moreover, we 
used the DEXP method (Depth from Extreme Points, Fedi, 2007; Fedi and Pilkington, 2012) to 
constrain the geometry of the identified seismogenic faults (dip angle).

The three different datasets (faults, earthquakes and gravimetric lineaments) were overlapped 
above the DEM of the studied areas. This multi-method approach allowed us to highlight four 
possible scenarios:

• a strong correlation between faults identified by literature, earthquakes epicentrala strong correlation between faults identified by literature, earthquakes epicentral 
distribution and MDA lineaments could confirm the presence of active faults already 
known in literature;

• a clear correlation between MDA maxima and an associated spatial distribution ofa clear correlation between MDA maxima and an associated spatial distribution of 
earthquakes epicentral location, but without the presence of faults known from geological 
data, could suggest the existence of buried active faults;

• the presence of MDA maxima correlated with faults reported in the geological datasetsthe presence of MDA maxima correlated with faults reported in the geological datasets 
and literature but with no associated earthquakes could imply the existence of inactive or 
silent faults;

• the existence of faults, both active and inactive, identified from the literature but notthe existence of faults, both active and inactive, identified from the literature but not 
correlated with MDA maxima could be due to faults putting in contact two lithologies 
with a similar density.

In Fig. 1 we show the map of faults and earthquakes overlapped on medium scale MDA of 
the study areas. 

The Abruzzo region is marked by MDA maxima with NW–SE and NE–SW strikes. Our 
study is focused on the area hit by the 2009 L’Aquila seismic sequence. A trend of MDA maxima 
runs parallel to the Paganica Fault but shifted westward of about 6 km. In the hypothesis of 
correlation with a tectonic contact, this trend is compatible with a fault model displacing rocks 
with different densities in the depth range of 5–15 km, along a flat surface dipping westward 
with an angle of 45°. A good agreement exists between such a model surface and the fault plane 
defined by the hypocenters of the seismic events correlated to the Paganica Fault (Chiaraluce et 
al., 2011), even though they are limited within the depth range of 4–10 km (Luiso et al., 2016a). 
This suggests that only the intermediate part of the fault plane could have been reactivated 
during the recent 2009 seismic swarms. 

The San Giuliano di Puglia area, hit by the 2002–2003 seismic sequence, is marked by 
strong Apennine MDA anomalies and minor anti-Apennine ones. The town of San Giuliano di 
Puglia is located above a NW–SE normal fault dipping SW, characterized by scarce seismicity. 
The seismic swarm is concentrated in the western part of the area correlated with different 
trends of gravimetric anomaly, including an E–W MDA maximum (Luiso et al., 2016b). 

The third studied area, the Mt. Massico area, is bordered by two NE–SW gravimetric 
anomalies, coincident with two normal faults known from the literature (Gaudiosi et al., 
2012). The 3D hypocentral map of earthquakes after relocation highlights clustering of events 
coincident with the two main faults. 

Conclusion. In this paper a multiparametric data analysis has been applied to the Abruzzo 
(central Italy), San Giuliano di Puglia (Molise, southern Italy) and Mt. Massico (Campania, 
southern Italy) areas through merging of seismicity, tectonic and gravity data, with the aim of 
identifying structural lineaments responsible for seismic activity. Accordingly, three thematic 
data sets have been generated for these areas: “fault”, “earthquake” and “gravimetric” datasets, 
in order to collect and integrate the whole set of existing information. The GIS system has 
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proved to be a necessary tool and a powerful instrument for such interdisciplinary research, 
allowing managing and combining large amount of geological, geophysical and territorial data. 
Moreover, the DEXP method (Depth from Extreme Points, Fedi, 2007) has been employed to 
constrain the geometry of the seismogenic faults (dip angle). Our multiparametric approach 
has provided a contribution to the seismotectonic assessment of these three areas and can be 
effectively applied to other areas to identify outcropping and buried active faults and give a 
contribution to seismic hazard assessment. 
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