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Summary
In this thesis,| presenta new multiparametric methodiimed atinvestigating the neotectonic

activity of three areas of the Apennines characterized bglifferent Quaternary tectonic
environmens. the Thyrrhenianinner margin of the Southern Apenninesthe backbone of the
Central Apenninesand theforedeepforeland at the transition zone betweethe Southern and

CentralApennine belts.

The method consists in a multiparametric data analysis in GIS (Geogtaftitoation System)
environment which integrates faults, earthquakes and gravimetric lineaments This is for
characterizing the geometr{strike, dip direction, angle and depth) and activity of buried/silent
active faults(Massicoand San Giuliano di Puglia aread)Ve used the Monte Bove, Vettore and
Paganicaapable faults for calibratioasthey are located along the epicentral areas of the recent
seismic sequences of @@ and 2016, where an outstding geological and geophysickitabase is

available.

The structural setting othe study areas was investigated pgrforming Multiscale Derivative
AnalysigMDA Fedi, 2002)a valuable todior identification and interpretation ofomplexgeologic
structures(such as faultsyith density contrastThis method ispeciallysuitable for detecting and

characterizindaultsnot directlyvisibleat the surface andhat werenot described before.

| analysed the correlation between tlearthquakedocation and theMDAmaxima of the Bouguer
anomaly field.Toinfer the characteristics of active fault planes in the areas with good correlation
between the MDA signals and the epicentréperformed a combined interpretation of 2D +e
localized hypocentral sections and the images resulting fronbgeth from Exeme Pointsnethod
(DEXPFedi, 2007).

So, he chosen study areas aré:the Paganica and the Mt. Vettoidt. Bove areas (central
Apennines), hit by 2009 and the 2016 seismic sequences, respeciivéiy Mt. Massico horst
characterized by lower energeismicity, but clear gravimetric signatur@g;the San Giuliano di
Puglia area (southern Apennines), hit by 28203 seismic sequences. This choice was based either
2y GKS | NBIF aQ fnhe RaganiSaaadyite Olt. Kettolidt. Bidwe acea), and/or on
the presence of clear gravimetric signatures, combined with a good knowledge of quaternary

geological structures in the complex geodynamic environment of the Apennine chain.



In all thecases, boththe gravimetric and seismologicahalyseyielded clear informationabout the
geometry of the fault plainsThese good resulshowthe effectiveness of this new multiparametric
approachto identify and characterizeactive (capable or nottructures, known or urknown in
literature. Inaddition,this approach alloweevealingf the structureis active along all the fault plain
or only partially anddetecting its direction and dip angleSo,it canbe successfullemployedin

areasof the Apennine chaiwith a high potential hazard with buriezhd/or silent faults.

1 Introduction

The ApennineChainis an easwerging belt developed in Neogene times above a vagsping
subduction. The eastward migration of the thrusts is associated th&lopening of thebackarc
extensional Tyrrhenian Sea bassince the Early Pliocelff®r the southern Apennine) and the late
Miocene (for the northern Apenning}he basinextended progressively to the east, causing the
drowning of theinternal sector of the orogenic wedge and the formation of coagtabens (pri-
Tyrrhenian basins) along the SN&nk of the chainDuring the Quaternary, the Apennine chain
experienced NESWextension leading to the formation of inti@ontane basins alonW¢SEto
WNWEESEoriented extensional belts. In central and southern Itdhis tectonic environment is
mainly rdlected in welexposed NWSE normal fault alignments (Lavecclat al., 2012)
responsible for major historical (Rovidaal., 2011) and instrumental earthquakes.

The aim of tis study is to identify and constrailé geometry ofactive, outcropping and buried
fault systemsof three areas of the Apennines characterized by different Quaternary tectonic
environmens. the Thyrrhenianinner margin of the Southern ApenningMassico area)the
backbone ofthe CentralApennines(Paganica and the Mt. Vettoilt. Bove) and theforedeep
foreland of the Apennineg§San Giuliano di Pugjiarhis is dong¢hrough anintegrated analysi®f
faults, earthquakes and gravimetric lineameni&e integration othe information fromdifferent
datasets has a key role in understanding the behaviour of the active faults when they are buried or

silent.

In detail the study areas (yellow boxes Figl) are:i) the northern margin of the &mpanian Plain
with the NESW fault systemsbordering the Mt. Massico horst, characterized by low energy
seismicity(Mwmax=4.8) ii) the central Apennines hit by 200@lwma=6.1) and the 2016 seismic
sequencegMwmax=6.5) with surface rupturs of the Paganica and the Mt. Vettoidt. Bove faults,
respectively iii) the eastern Molise area hit by 2062003 seismic sequencéslwma=5.8) of the

San Giuliano di Puglia (southern Apennines)



Three thematic data sets have been generated for the study are&lS environment & F I dzf {
G S NI Kénddr 3 BI£ @A Y S I NJoQdllectRhdlintegradtedlliexisting information More
specifically

- the fault dataset consistof the collection of tectonic structuseextracted from different
catalogues and scientific papers, vectorializednmadhocdataset with an associated table
of attributes containingnformation about each structure

- the earthquake datasetontainsthe instrumental and historical earthquakes extracted from
the available ctlogues and aelocation of theMassicoseismic eventgto improve the
location accuracyor this area)

- the gravimetric datasetonsistsof lineaments identified byhe MDAmaximaof the Bouguer
anomaly Multiscale Derivative AnalyqiBIDA) releson thehigh-resolutionproperties of the
Enhanced Horizont@®erivative(EHDFedi and Florio, 2001Themaximaof the MDA map
representlineaments contactindjthologies with different densityThe MDA methodllows
exploring potential fielddataat different scales antlighlighing regional, intermediate and
local structural trendsThus, it epresens a valuable tool for the interpretation of geologic
structures. The MDA maps provide an almost complete representation of the structural
framework ofthe study areasMost of the knowngeological elements of the Apennine
system are clearly shown at intermediate and short sca#sng with several trends
indicating structures that do not have any reference at the surface (buried faults). This is, for
instance, the case of some regiotiakar trends in the foredeep area.

Theanalysis of theorrelation between faults, eartjuakes and MDA maxima allowaayhlighting
different possible scenarios in the study arellreover,the geometry and depth extent of the
studied faults wagonstrainedthrough aDepth from Extreme Poin{®EXP, Fed2007; Fedi and
Pilkington, 201} analysis on gravity datacombined with the information derived from 2D
hypocentral sections.

My thesisis organized as followSection2 givesa description othe geological and seismotectonic
framework of the study aresto better understand the& geodynamic evolution and constraihe
results of the present studwith those from literature.Section3 describes the collection ofthe

0§ KNBS RIGF aR3G0arva SiikeS  alTKr Sdzt altfat iNdudeteathduake r@dcaiidna S G €
at Mt. Massico)l Y R G KS & 3 NI dthaY iScluteka@esdriptidnl-ofitie(MDA method
Section 4 describes the comparison of the three data sets in GIS enviroameérZDcombned

sections of DEXP images and hypocenters



<Y Mt. Vettore - Mt. Bove

San Giuliano di Plia

Fig1 Location of the study areas in the frame of peninsular Italy.

2 Geological and seismettonicframework of the areas

The Apennine Chain can be described as a complex thrust and fold belt systerbetweien the

Lower Cretaceous and the Quaternary, as consequence of the convergence between the African
and European Platgdlalinverno and Ryan, 1986; Doglioni, 1991)

This foldand-thrust belt extends from peninsular Italy to Sicily for a lengftk 150 km, linking the
western Alps to the Maghrebian chain of north Africa.

The thrust belt can be subdivided into the arcuate segments of the norfleemtraland southern
Apennines (Ghisetti and Vezzan@9Y; Patacca and Scandone, 2)ounded bythe Olevanoe
Antrodoco Line to the NW (Salvini and/ittori, 1982 blue line in Fig. )2 and the Ortona

w2 OO0 Y2y thyhe SH (Bhysstti and Vezzani, 198391, red line in Fig. 2 The northern
central arc is composed of thrust systems structured as erated fans in pigghack sequences.

The southern one, characterized by a greater shortening than the northern one, is built as duplex
systems with overthrusting of the internal units onto the eastern edge of the Apulian platform
(Mostardini and Merlini, 186; Bally et al., 1986).



Fig2 Strctural sketch of the Apenninic chaipApulia foreland; PAdriatic foredeep; BLaga flysch basin;) Bnajor
thrust faults; § buried thrust faults; Ystrike-slip faults; 8§ normal faults; blue line: Olevarantrodoco Line; red line:
Ortonaw 2 OO Y 2 y Uy Ified afteryGhisetii ¥r@d/Bzkani1991).

Since theMiocenethe compressional phase, was characteribgdhe built of the Apennine chain
with the development of NWSE thrust and fold systenfBataccat al., 1990, 2008, and references
therein).

From the late Miocenean eastward migration of the orogenic front and of the foredefepeland
system was accompanied lay extensionatollapse of the inner domains of the thrust belt. This
process culminatedn the crustal thinning and foundering of the Tyrrhenian bafig. 3,
interpreted by several authors (e.g., Malinverno and Ry&886; Channell and Mareschab89;
Patacca et al., 1990, 1993; Patacca and Scan@®@&; Doglioni, 199%as a baclarc bain behind
the retreating ApuliaAdriatic slab andhe formation of coastabrabens (perTyrrhenian basins)
along the SWlank of the chaipaccompanied by extensiwalcanism

From Pliocene to Pleistocenghe Apennine chain experienced &N extensionleading to the
formation of intramontane basins alonyW¢SEto-WNWESEoriented extensionahormal fault
systems superimposeahto the compressional thrugielt, and controllingthe intense seismicity of
the Apenninechain.

Theseismicityis ratherdiffuse all along the Apenninesmdthe strongestactivity is concentrated in

the backbone of the chaig A i K wpK X & A & G 2 NA O ledrthqyaRebbbdturfingwih dzf G A
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recurrence intervalsk v 1 F 6 +A G0 2NRA Sd |t &2 radugamdTFrezzoty G 2 & G

1995).In central Italy, the seismogenetic normal faults have \@rflosed SW to SSWpping high
angle Roberts and Michetti, 2004 Seismicevents with My > 6.0 struck this sector in the last
century (i.e.the Mw =7.0Fucincearthquake in915) as well as in recent times () 6.0, Colfiorito,
1997; My=6.3, L'Aquila, 2009; M=6.2 and Mv=6.5, central Italy2016 seismic sequence). On the
contrary, in southern Italy, westlipping active faults crop out with lessontinuity, while an
eastwarddipping normal fault system seertsbe the most relevanstructureand accounts for the
seismicity recorded ithe region (Pantosti and Valensise, 1990; Pantosti et al., Ba®3zetti, 2011;
Brozzetti et al., 2012; DISS Working Grd&f1,5. The My=6.91980Irpinia earthquake represents
the most energetic event assated with this extensional beltwithin this evolutionary trend,
foreland to hinterland transects across the Apennines provide a progressive evolution from young,
newlygenerated seismogenetic normal faults (to the eastprogressively older anchore mature

faults (to the west) that fail to generate large earthquakes.
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Fig.3Structural scheme of Italy and surrounding regions (modified after Vezzani201)),

2.1 Paganicaand Mt. Vettore C Mt. Bove (Abruzzo region)

The UmbriaMarcheAbruzzo intraApennine extensional belt consists of three alignments of
Quaternarynormal and normabblique faults, named respectivelgxternal (from Mt. Vettore to

Mt. Gorzano)intertY SRAF 4GS O FNRY DdzoAz G2 [/ 2fFA2NRG2S
Valley), and internal (from thRieti Basirio the Salto Valley antlhe Fucino BasirLavecchia et al.,
2012 Fig.4), with NWCSE strikeThe strikeoffsets the MiePliocene foléand-thrust structures and
generates intra-mountain depressions (the Rieti, Norcia, Leonessa, Colfiorito, Fucino, Sulmona and

L'Aquila basins) and minor depressions that are located in mountainous areas (the Salto and Turano
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valleys, Campo Imperatore, Campo Felice and Castelluccio plHmsyepressions are filled with
continental deposits of PliQuaternary ageGosentino et al., 201 Nliccadei et al., 1997; Bosi et

al., 2003).

Fig.4Sketch of the main Quaternary activermal fault and intramountain depressions (modified after Boncio et al.,
2004).

Through the last 100 years, two major events with #5.5 struck the internal alignmerthe one
of Avezzanan 1915 with M; 6.9 andthe event ofBarreain 1984 with M, 5.9. Four earthquakes hit
the intermediate alignment: Gubbio 1984,,\6.6; Colfiorito 1997, M 6.0; Norcia 1979, M5.9;
[ Q! |j dzA f |y 6.1uNoindirimeatal events with M> 4.5 were associated with the external

alignmentuntil the 2016 Amatriceseisme sequences with W= 6.5.

Paganica

The 2009 April 6Mw=6.1) IQ! [jdzA f I SF NI KIljdzr 1S FyYR Al aethlFiSNE

2010; Herrmanret al., 2011; Valoroset al., 2013) hit a densely populated area in the Middle Aterno

+ffSe O0O0SYiliNIrt ! LISYyyAySao yR OFdzaSR KSI ge
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villages. As reported also by historical records (Tertulétal. 2009; Rovidat al. 2011) this region

is one of the most active areas of Italy and ir@sjuently struck by destructive earthquake$he

main historical earthquakes occurred in 1461 withV6.5 (haf - 0 Of 238 S (G2 GKS [ G
in 1703 with two main shocks with# 6.8 (near Norcia) anbly=c ®T 06y SI NJ tRovida2 f A X
et al.,, 2016).lt is estimated that their recurrence times between 700 and 1000 years with an
extension rate of Imm/yr (Galadini and Galli, 2000; Emergeo Working Group,. 2052009

[ QU ljdzAt F SFNIKIljdzr 1S aSljdzSyoS ¢St ¢ FAGa GKS
geodetic, DInSar and geological datearly indicate that the Paganie®an Demetrio fault system
(PSDFS5¥ the seismogenic fautif the My= 6.1,April 6 2009 mairshock. The focal mechanism
indicates a fault planaith N140° direction and djgngabout 4550° to the SWChiaraluce2012;
Valoroso et al., 2003in agreement with the regional SYME extensional stress field active in the
region

The Paganica normal fauthe seismogeneti€ault responsible of the 20091! [j dzA £ I Yih A y a K
coincidence with thd®SDFS (Fig,5vhich bounds to the northeast the Aterno River valléyereit

shows a complex surface expression, with several symthaatd antithetic splays affecting the
Quaternary basin continentadeposits Yezzani andShisett; 1998; Boncioet al, 2004; ISPRA
catalogue2006; Puccet al., 2015).

Before the 2009 earthquake, the geometry and activity of the PSDFS was only towmty It was

mapped as ocertain or buried faultKig. 6 Vezzani and Ghisetti, 1998; Boncio et al., 2004; Pace et

al. 2006;Galli et al. 2010)During the 6 April main shock, this fault created a limited cosieis
surface displacemerabserved for a tothlength >3 km, consisting of a complex set of small scarps

(up to 0.10¢ 0.15 m high) and open cracks with a direction in agreement with the focal mechanism

of the main seismic eves{Falcucci et al2009; EmergedVorking Group2010; Vittori et al.2011).

Other discontinuous breaks occurred with a trend ranging from N120° to Ntb7@8rth and south

of the main alignment of ruptures. In this case, the lengtlthefsurface faulting may overcome 6

km (Emergeo Working Group010). Othercracks are dtected along the antfietic structures of
Bazzano and MonticchiossgFig. 5)

The total extension of the epicentral aréasa length of 50 km along the N\8E directionwith
earthquakes confined below 2 km (Chiarabba et20109; Chiaraluce et ak011). This suggestbhat

only minor slig took place on the shallower portion of the fault, in agrearhevith surface
observationsElastic dislocation modelling suggests over 80 cm of slip at depth in the fault and the

area with highest values of surfasebsidence is located towards the sotghstern end of the

11



surface rupturegWilkinson et al., 200)7There is a general discrepancy between the length of the
seismologically and geodeticaligodelled fault (up to 18 km), the limited size of the primary
continuous coseismic surface ruptures@m), and the significant morphological expression of the
PSDFS. This stimulated a debate about the maximum rupture length of the PSDFS and its capability
to generate earthquakes stronger than the 2009 main shocty miuch larger rupture length and
displacement.

Based on the analogies in the distribution of the intensities in areas with the strongest effects
Tertulliani et al. (2009) and Atzori et al. (2009) suggest ttiwth the 1461 and 2009 eventwe
caused bythe same structurethe Paganica fault. Palaeoseismological studies across different
segments othe Paganica and San Demetraults returned different results: Galli et al. (2010)
suggested that the Paganitault caused both the M6.7 Aquilano earthquees in 1461 and on the
2" of February 1703WhereasCinti et al. (201) recognized five paleeventswhich include the
1461 one but not the 1703 earthquakeBased on the longerm fault scarp geomorphology,
however, they also suggested thitie Paganicaaiult could generate larger earthquakes.

Soon after the mainshock, an intense aftershock sequence started to sprea®ilaterally,
releasing five relevant events (.0 to 5.5;Chiaraluceet al., 2011).

The seismic sequence reactivated four weiditinguished fault sources differing in geometry, size
and the degree of involvemelrtFig. 6 Lavecchia et al., 2012)

1) the SWHipping Paganica fault system activated durihg 6 April mainshock (M6.1) from the
surface to a depth of ~10.5 km;

2) the NHipping hidden Ocre source activated during the strongest aftersh@cRhpril, My 5.4) at
depths between 11 km and 16 km;

3) the WSWdipping Mt. Gorzano fault activated by four relevant aftershocks (6 to 13 Apri3\W0

to 5.5) at depths between 6 knmd 12 km,;

4) the W SWdipping Montereale fault systemnd its continuation into the &ipping Mt. San Franco
fault activated at depths between 6 km and 10 km in a large number of minor events witp kb

3.6.

¢ KS SLIAOSYGNIt | NBguene & crassed by tha exigrna] afd intedmdedidte fault
alignments Chiaraluce et al., 200Lawecchia et al., 2012)he epicentral area propagated in time
further to the northwest towards the epicentral area of the Norcia 1979 earthquakgrating from

the Paganica fault (intermediate alignment) to the @amo fault (external alignmentConversely,

to the south, seismic activity remained nearly completely locked roughly at the northern boundary

12



of the Middle Aterno Valley fault systerfhe geological map and section of the area are shown in

Figure 5

pre-Quatemary bedrock succession
| B = B =
4 5 6 7 8

Paganica active NE
Late Quaternary normal fault
- (dashed if buried or inferred) £
NE g-r00
= =700

? N 2y oy ¥ G
t%\. g "‘_;: AN ¥ Section2
Fig 5Geological map of the Paganica area. Below is shown the geological sections across the Paganica
fault zones; 1) to 3): continental deposits of Late Pleistottsiecene (1), Middle Pleistocene (2) and Early Pleistocene
(3) age; 4Marnewith Cerrognaand Marne a Orbulindms (Langhia#Tortonian); 5Bisciaroand Scaglia Cinerefins
(OligoceneAquitanian); 6)Scaglia detriticdm (Cenomaniatiate Eocene); Marne a Fucoidim (Aptian
Cenomanian); 8laiolicafm (Late TitoniarBarremian) (modified after Lavecchia et al., 2014).
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Mt. Vettore ¢ Mt. Bove

On August 24, 2016,the My 6.0 Amatrice earthquaketarted a seismic sequence in central
Apennines that lasted fomonths (andit is still ongoing) causing numerous casualties and
infrastructure damage (Galli et al., 2016).

The sequence includetiree mainshocksthe My 6.0 Amatrce earthquake, the M6.1 event that
occurred on October 262016 and the M 6.5 Norcia earthquake that occurred on October 30th,
2016. The M 6.5 earthquake is the largest event that struck Italy since the 198@®M Irpinia
earthquake.

These mainshockisave been accompanied by more than sixty thousand aftershimrkshocks
including five earthquakes with 5.4<,M5.9 (Chiaraluce et al., 2017). Ttheee mainshocks (M
6.1,6.0 and 6.5) occurred at depglof between ~7 and ~9 km alotige Mt. Vettore Falt Sysem
(MVFS; Lavecchia et al., 2Q0Mildon et al., 2017;Tinti et al., 2016), which cuhrough the
heterogeneous mamnd clay carbonate sedimentary succession of central Apennines.

Focal mechanisms of thdiree main events showa normal faultingplane 50° SWdipping and
strikingN150¢ Such a main plane is interconnected at shallower depths with a set of synthetic and
antithetic splays of different dimensions located both on the main fa@otwall and hanging wall.

It is worth noting that theentire fault system is constrained at abow8km of depth by a3-km-
thick layer gently dipping to the east activated during the 2@¥6seismic sequend€hiaraluce et
al., 2017) The seismic sequence was confined within thmper 1@ 12 km of the crustand the
volume affected by the aftershoclkextends for about 80 kmyith NWCSE and NESW directions
between the towns of Camerino to the north and Pizzoli to the solitie. distribution of seismicity
also suggests the activation of an antithetic-tNfping extensional fault below the Norcia basin.
The main active tectonic structures in the area affected by the ZI& seismic sequence are the
Mt. Vettore ¢ Mt. Bove (VBFS), the Laga Mountains (also known as Mt. Gorzano fault), the Norcia
and the Montereat fault systemgsee Fig. ¥ The sequence occurred in the seismic gap between
the 199%98 Cdiiorito seismic sequence (M5.4 and M, 5.9 earthquakesFig.6) and the 2009
L'Aquila earthquake (IM6.3). It wasgeneratedby Mt. Vettore ¢ Mt. Bove fault system (between
Colfiorito and Campotosto areattlat represents the easternmost active extensional fault zones of
the southern UmbreMarcheanApennine ridge, characterized by normal to transtensive behavior
(Pizzi et al., 2002).

The historical semicity correlated with the mosexternal fault system of the UmbHslarche

Abruzzi Apennine ridge is characterized by absence of strong erssigynicity along the Mt. Bove

14



- Mt. Vettore - Vettoretto sector, suggesting thatthefadte 3 G SY gl a aaAiAf Sy dé dzy
sequence(Galadini andsalli, 2000)with the only exceptiorof the Amatrice area in the hanging

wall of the northern Mt. Gorzano fault, which was struck by the October 1639 earthquakg.@yl
(Rovida et al.2016). This event heavily damaged Amatrice dhd surrounding villages. Galli et al.
(2016) suggest that the 1639 earthquake might be a twin of the 2046 Mvent, rupturing the

same southern fault strandn prehistorical times, these faults were a#ismogenicBefore 2016
earthquakes, paleoseismological surveys show that recurrence intervals,fo8 Blvents are always
greater than 1000 years and sometimes greater than 2000 y&atadini and Galli, 2003; Galli et

al., 2008) The combined analysef paleoseismological data and letgym seismicity shows that
activation of the faults could generate earthquakes of M 6.57.0. The extension rate ranges
between 0.7 and 1.6 mm/yr (Galadini and Galli, 2000; Emergeo Working Group, 2016).

Coseismic ruptees were observed along several fault planes belonging to the main fault system,
both onsyntheticand antihetic splaygFig. 7; Pucci et al., 201The average strike N155 mainly

the SW side downn very good agreement with loAgrm surface exprssion of the VBFS. The large
scale deformation zone of the VBFS at the surface ranges from 70 to 3000 m in width (distance
between fault splays), while the width of each displacement zone (single fault splay) ranges from 3
to 60 m (distance between overlpmg or enechelon ruptures). The average vertical offset is 0.5 m
eventhough some coseismic ruptures display throw > 1 m, with maxima of ~2.0 m along the so
called Cordone del Vettore fault scaiiyico et al., 200)7The structural pattern andinematics of

the observed coseismic effects appear to be independent from morphology and lithology, affecting

both bedrock and different bodies of unconsolidated deposits
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Mt. Massico(Campania region)

The Massico Mount is a §EW trending carbonate horst that separates the two §8E Garigliano

and Volturno depressions, above the Campariiatial margin of th&yrrhenian basifFig. §.

Since the early Pliocene, the Tyrrhenian basin extended progressively to the East, involving the
internal sector of the orogenic wedge and causing the formation of coastal grabend ypdréenian
basins) along the western flami the chain. The main fault pattern of this margin is characterized
by highangle NESW and NWSE trending structurethat formed different sedimentary basins
(Volturno, Garigliano, Fondi, and Pontina plaiMreover, EW, N¢S and NNWSSE oriented fatsl
systems have contributed to the recent collapse of the plains with a vertical subsidence rate of about
2 mm/y during Quaternary (Brancaccio et al., 1991; Cinque et al., 2000). Remarkable volcanic
activity that occurred mainly along the western margintlké Campanian plain, originating the
Roccamonfina, Campi Flegrei, Ischia, Procida and Seveswavius districts, was an important
consequence of the Quaternary extension.

The northern sector of the Mount Massico is wedged under the Roccamonfina deposits NE
toward SW, Mt. Massico consists of Trias dolomitic units that change to JuCassaceous
limestone and then to heterogeneous clay Miocene urtftig (8 Billi et al., 1997)

Geological and geophysical studies on land show that the Massicosanedtdefined by NESW,

N¢S and NWSE normal faults, which dislocate the massif with ddknown blocks along normal
faults in different directions: NW direction to the Garigliano plain, SE direction towards the Volturno
plain, and SW in the direction tife coastal plain (Billi et al., 1997; Bruno et al., 2000). Few hundred
metres of fault displacemer(sliprates:2¢2.5from 1.45Mato present,and0.2¢
0.5from 36 kato present;Cinqueet al.,2000)put the quaternary deposits of the plain in contact
with the carbonatic and siliedlastic deposits of Mt. Massico.

Geochemicastudies reveal a large depth of the faults bordering the Mt. Massiko.

both sidesof Mt. Massicojt wasfound the presence ofHe,a primarygasmantle,arisingalong
deepfault systemgAmoresancet al.,2015;Cornielloet al.,2015).Moreover, the geochemical
characteristics of springs along the southern sid&lbofMassico are similar to that measured in the
Phlegrean Fields district (Cuoco et al., 2017; Tedesc@,)199ggesting the sharing of a common
Campanian mantle source. On the other side, gas samples collected on the northern fault of Mt.
Massico show &He R/Ra ratios similar to the northern Latial volcanism (Cuoco et al., 2017; Barberi
et al., 2007; Chiodiret al., 2007), suggaaga common Latial mantle origin.
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Evidence oburied fault systemsn land (Billi et al., 1997) and offshore (Bruno et al., 2000; Torrente
et al., 2010; Milia and Torrente, 2011) in the Gaeta and Naples Gulfs, have been identified by seismic
profiles. The interpretation of offshore seismic reflection data (Bruno et2fQ0)shows that the
in-land southern NESW striking fault delimiting the Massico horst propagatessbhfire and is
translated southeastward. This horizontal dislocation of Mt. Massico suggests left lateral
movements for the ESBVNW to EW faults. Theseadlults, which are located on the maximum
gradient of the EW elongated magnetic alignment of 41PL (Bruno et al., 2000), are responsible for
the SSE translation of the offshore sector of the Mt. Massico horst. TheSMEfaults that affect

the southern sideof the Mt. Massico horst represent the southern tip of the ORL (Odona
Roccamonfina Line) and show seismic features consistent with normal movements (Bruno et al.,
2000; de Alteriis et al., 2006).

The seismicity of the Campanian plain, including Mt. Masssccharacterized by few earthquakes
with energy (Mv maximum = 4.8) lowethan that of the Apennine chain. The southern Apennines
seismicity is concentrated mostly along the NS¥ striking normal faults of the backbone in the
shallower 1520 km of the aust, with destructive events{kE XXl MCSRovida et al., 2016). The
Massico area presents minor seismicity, characterized by swarms and moderate energy earthquakes
(Mw<5.5), occurring along the §&W structures, such as for the ORL bordering the redhtern
margin of the Campanian plain and on NSE carbonate massifs bordering the plain. Small
segments of the ORL are seismically active and move in response to both ¢B&VNEgional
extension of Southern Apennines, and to the &8 longitudinal exteran (Oldow et al., 1993;
Milano et al., 2008).

The low slip rate and low level of seismicity of the faults bordering the Massicosuggests that

these faults were capable (Michetti et al., 2008ilkinson et al., 201 Ayith significant potential for
generate earthquake of Mgreater than 6.5 earthgakes. Today, these faults atbaracterized by

small magnitude earthquakes and hydrothermal activity, but are no more capable.
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(Holocene); 7) continental transitional deposits and-fin@ined sand of presemiteach and mobile dun@iolocene);
11 Q GNI OS 2 F -séckod shavih nfthe BuieCparColitResigure (modified after Billi et al., 1997).
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2.2 San Giuliano di Pugli@gMolise region)

On October 31, 2002, at 10:32 UT, a strong earthquakeefdW (M=5.4) struck the Molise region

in southern ltaly, followed by a similar magnitude on November 1. The earthquake caused the
collapse of a school building, with 28 casualties and major damages in hundreds of private buildings.
The area struck by the 2002 N&# seismic sequence falls betwethe Apennines axial zone and

the ApuliaGargano foreland, both corresponding to weléntified seismogenic zone@ig. 9;
Chiarabba et al., 2005)This sequence occurred in a region where, based on historical and
instrumental seismicity, no comparable earthquakes occurred in the last 1000. éevsrtheless,

the area is surrounded Ryigh-levelseismicity zones

The CPTI16atalogue(Rovida et al.,2016) reports only a few large earthquakes in the surrounding
areas: the 1125 earthquake in the immediate vicinity of the present sequence. Little is known about
this event, that might have reachegak VIlI-IX:the Apenninic sequence of Bember 1456, which
caused heavy damages and reached MCS intersitXl; the Gargano sequence of the summer of
1627, which also caused damages, assessedaa¥;lthe July 1805, Matese earthquake, which
produced effects up tankx X.

The maimeighboring seismogenetic structures are: Garganoq®00 km at East), San Severoq30

40 km at East), Foggiano 8D km at SoutkEast), Beneventanolrpinia (4&80 km at South) and

the Bojano basin (450 km at vest). All these faults have generated earthquakisigh magnitude
(Ms=6.5¢ 7) and have damaged the eastern part of Molise (Galli and Molin, 2002).

Focal depths and mechanisms of the Molise sequence aftershocks show different characteristics
from the seismicity located within the southern Apennine chdihe seismicity in the southern
Apennine is focused in the shallowest-1D km of depth along normdaults, NWSE strikingThe

2002 Molise sequencaucleating at a depth between 10 and 24 kappears to be confined to the
lower parts of the crust. All focal solutions show nearly pure stlige mechanisms with tensional
axes oriented NESW, roughlyarallel to those of the normal faulting events in southern Apennines
(Pondrelli et al.2002.

The aftershocks alignment suggests that the rupture occurred BWaplane of focal solutiomith

a dextral fault motion Fig. 10;Pondrelli et al. 2002. Purely strikeslip focal mechanisms are
uncommon for relatively large events in the Italian peninselspeciallyalong the Apennineslhe

Molise sequence shows some similarities with the last Apennine foredeep seismic sequence,

occurredin May 5, 199(near Potenza (M=5.8), southern Italy. The entire 1990 sequence was
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characterized by 20 krdeep and strikeslip eventgDi Luccio et al., 2005B0oth sequences occurred

in the foredeep rather than within the Apennines chaliie only known active structuie the area

with similar kinematics is the Mattinata fault located in the Gargano Promontory, east of tharegio
hit by the seismic sequence. Following Di Bawl Mazzoli(2003), the 2002 Molise seismic
sequence suggests that Mattinata fault system (theortant zone of dextral wrench faulting across
the AdriatigGargano foreland area) may extend westward, beneath the allochthonous units that
form the foothills of the Apennine chain in Molise. Moreover, the authors propose that this (buried)
transcurrentstructure within the Adria plat@laysa major control on the seismotectoniiehavior

of the epicentral area ofite 2002 Molise seismic sequence.

S. GIULIANO
DI PUGLIA

APENNINIC CHAIN 8. Giuliano di Puglia
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~
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Meso-Cenozoic basinal deposits and L -
relatedforedeepdeposits Trace of section of figure 2

Fig. 9Geological sketch of the Southern Apennines with the trace of the geological section shownigint the
(modified after Casciello et al., 2004).
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3 Integration of three database
The analysis of structural, seismological and gravimetric ctataised in the creation of database

in whichthe data, extracted from literature and the available catalogugre merged togethemn
GIS environmentThen, he different types of datahave beencompared to check the correlation
between seismicity, faults and gravimettiseaments This alloweddentifying the possible active

faultsandpicking up the more interesting structures to be studied through a 2D analysis.

3.1 Structural databas

The faultsfrom the different catalogues (Ithaca catalogue, maps from CARG project and the
Neotectonic Map of Italy) are vectorialized in antamt dataset. For each area, the fault dataset is
obtained using different maps and scientific works and is correlated aithble of attributes

containingimportant information about each structure, such as:
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possibile correlation with the other database.

3.1.1 Paganica and Mt. Vettore Mt. Bove areas
The structural database of the Paganica and Mt. Vettok#t. Bove areagFig 11a, b,respectively)
containsfaults extracted from
T LGKEFOF /4l t2rAUzSAlI 1O20/T0% RBIAGEIOK | Ny O BINRR & (0 A O
& OA Sy (i Arediifeandetdid) tA¢ig 11a)T

1 EMERGEO Working Groegtalogue(2016), containingtructural lineaments derived from

coesismic effects investigatiore@l lineaments in thé&ig. 1b);

1 Neotectonic Map of Italwith scale 1:500.000 published by Ambrosetti et (4987
containing the active faults in the last milligears(blue lineaments inFig. 148, b). This
map has been first vectorialized and then plotted above the shaded refighe
topography of the study areas;
f DS2ft 23A0Ft [ | diiseERNFOL0B0RM 2 FNIBAN £ 2 3T SBHCARERA 02 |
project, availableat the web site:K i (1 LIY K K 9 6 9 ®A & LINtheYaarfo§apliySsb 3 2 &

available only for the Paganica argairple lineaments in thé&ig. 1h);

f CldzZf Ga FNRBY LI fS2aSAavy2f23A06f lin@agiensti&a oD
Fig. 1A,b)®
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Fig 11 Structural database for: a) the Paganica area; b) the Mt. Vettdvit. Bove area. Red lines: faults extracted
from ITHACA catalogue (in splot a))and EMERGEO W.G catalogue (in@obb)); blue lines: faults extracted from

the Neotectonic map of Italy (Ambrosetti et al., 1987); purple lines: faults extracted from CARG project; yellow lines:
faults extracted fronGaladini and Galli (2003yhe location of the Paganica and Norcia towns is shown with a pink
triangle. The attributetablesfor Paganica and Mt. Vettore Mt. Bovefaults are shown iffablel and 2, respectively.

3.1.2 Mt. Massico ara

The structural database of the Mt. Massiaeea(Fig.12) containsfaults extracted from

T LGKF OF (Rediihehned@sigSA 3)® M H

1 Neotectonic Map of Italy in scale 1:500.0@nbrosetti et al. 1987 blue lineaments in
the Fig. 12,
| Carta delle faglie tarddgj dzi G SNY I NAS RSt f byQidgié of §1.02008 that S NA R |

containsthe recently active quaternary faul{svhite lineaments in thé-ig. 13.
| have also consulted songeological maps anstientific papes.

T /NI DS2t23A0I RS withQdaled:250/000\(FoRardacEHEBSR A 2 y |
9 Structural Map of Italyvith scale1:500.000 (Bigi et al., 1983);
1 Scientific paper obe Rita and Giordano (1996)
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Fig. 12Sructural database of the Mt. Massico area. Red lines: faults extracted from ITHACA catalogue; blue lines:
faults extractedrom the Neotectonic map of Italy (Ambrosetti et al., 1987); white lifaesdts extractedrom Cinque
et al. 000).The location of the Mondragone town is shown with a pink triantihe attributetable is shown inrable
3.

3.1.3 San Giulianali Puglia area

The structural database of San Giuliano di Py§lig.13) contains faults extracted from:
T LGKI O (Rediihebnegsi®®A I Mo

1 Neotectonic Map of Italyith scale 1:500.000 (Ambrosetti et al., 1987;élmeaments
in Fig. 13;
1 GeologicalStructural Map of the Centre&douthern Apenninem scale 1:250.000vVezzai et
al., 2010 that is the final product of a lonterm project focused on regional and structural
geology of Italian Apennines. It contains the outcropping faghseh lineaments inFig. 13
and the buried ones (orange lineamentsHig. 13.
{ Carta delle faglietarddj dzI G SNJY I NA S RSt f by Ciligie ¥tyakgoa) that S NA R

contains therecently active quaternary faul{svhite lineaments in thd-ig. 13.

| havealso consdered the faults reported in scientific papersf Di Bucci and Mazzoli (2003),
Mucciarelli et al. (2009) and Puglia et al. (2013).
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Fig. 13Structuraldatabase of the San Giuliano di Puglia area. Red lines: faults extfemtedTHACA catalogue; blue
lines:faults extractedrom the Neotectonic map of Italy (Ambrosetti et al., 1987); white lifsegts extractedrom
scientific work of Cinque et al. (2000); green and orange lines: structural and buried faults from \Mezlz§20@0).
The location of the San Giuliano town is shown with a pink triaiigle attributetable is shown inralde 4.

3.2 Seismological database

The seismological database containsitirumentaland historical earthquakes extracted from the
available catalogueswvailableon-line. For all the study areas, the historical earthquakes are
extracted from theCatalogo Parametrico dei Terremoti Italig@PT15 version; Rovida et al., 26)1
that contairs the seismological parameters (hypocentral location, intensity and the equivalent
magnitude)of the historical earthquakes from year 1000 A.C. to 2015 IA.@is thesis | have
considered the historical events until 199@fter this year, | have consiced the instrumental
earthquakes.The database of instrumental earthquakes is differént each studyareas, even
though the first step consisteth the extraction of the instrumental earthquakes fraime ISIDe
catalogue (Italian Seismic Instrumental andarametric Datebask) that preides earthquake
parameters since 1990 A.@btained by integratiglocations performed in neareal time with data
from the Italian Seismic BulletinSIDe dta contains the earthquakes detected by the Italian

National Seismic Network and reviewedIbyGVseismologistsior the Paganica, Mt. Vettore Mt.
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Bove and San Giuliano di Puglia arelahave used thee-localizedearthquakesprovided by

Chiaraluce et al2011)Micheleet al. (201¢ and Chiarabba et al. (2014¢spectively

3.2.1 Paganica and Mt. VettoeMt. Bove areas

The seismological database of the Paganica area contain®liteatedearthquakesprovided by
Chiaraluce et al. (2011The earthquakefiave been recored by the permanent Stations e
National Seismic Network (RSNC) managed by titatdésNazionale di Geofisica ¥ulcanologia
(INGVuntil April 6, and then by stations of the INGVitgorary network, availabla few hours after

i KS ujla®aitjshock. For two months after Api#009 Chiaraluce et al. (2011)sed also a
temporary network installed by theabordoire de Géophysique Interne BectonophysiquéLGIT)

of Grenoble.The smooth gradient velocity model (Figla) consists of &/, velocity that increases
linearly from \ (5.0 km/s) at the surface by 0.15 km/s per kilometre until the half space is reached
at a depth of 10 km. The velocity within the half space is 6.51 km/s. Fi& Mtio, for the
foreshocks, is 1.90 and was determined by using a cumulative Wadati diagram (Chiaraluce et al.,
2011). Chiaraluce et gR011)considered2643aftershocks with IMx1.9and their waveformsvere

cut 50s and 120s before and after the origime of the event respectively. This led to have
relocalization values witRMS (root mean squaid the travel time residua)s< 0.2s, ERH and EZR
(error of the horizontal and vertical components) < 1 krapGzimuthal coverage of the stations
around he event)< 200° and more than 8 RBnd 4 Seadings.The events are plotted above the

topographyof the area(Fig. 14), alongwith the historicalearthquakes from CPTI15.
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Fig. 14The seismological database of the Paganica aa¢&mooth gradienfDvelocitymodel used by Chiaraluce et
al. (2011) for relocalizatioof the Paganica aftershocksnpdifiedafter Chiaraluce et al., 20119) red dots: relocated
events; yellow squares: historical seismifrityn CPTI15 (Rovida et al., 20.ITkhe location ofthe Paganica town is
shown witha pink triangle red star: main shock of the 2009 seismic sequence.

The seismological database of Mt. Vettar&it. Bovecontainsrelocatedearthquakesprovidedby

Michele et al. (2016)Ihe8.340earthquakesf the database werescorded by the National Seismic
Network (RSN, INGV), the National Accelerometric Network (RAN, Civil Protection Department) and
by 12 additional stations inalled soon after the maishock (SISMIKO Team, 201Michele et al.
(2016)useda 1D velocity model interpolated from the 1D velocity model of De Luca et al. (2009), in
order to avoid seismicity scattering where velocity discontinuities were present 18y They

reduced the errorsusing143.825 P and 116.824 S arrival timéke \/Vsratio was fixed to 1.85

using the Wadati method (1931). These arrangements led to have relocalization valu&avgH
0.5SERHK ™ ®BERZK YiE® Gap¥ Y & e @vents are plotted above theNBS | Qa G2 LJ2 3
(Fig. 1B).
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Fig. 5 The seismologicalatabase of the Mt. Vettore Mt. Bove areaa) Gradient 1D velocity model used by Michele
et al. (2016) for relocalization tfie Amatrice sequencarodifiedafter Michele et al., 2016)y) dark blue dots:
relocated events; yellow sques: historical seismicifyom CPTI15 (Rovida et al., 20.IBhe location of the Norcia
town is showrwith a pink triangle red stars: the strongest events of the 2016 seismic sequence.

3.2.2 Mt. Massicoarea

The seismological database of Mt. Massico area contasrshquakes extracted from ISIDe
catalogue and’0 eventsrelocated with the aim of improving the quality of the focal parameters

(latitude, longitude and depth)

| extracted he waveforms from thedPlini€ catalogue from the OV - INGV website

(http://sismolab.ov.ingv.it/sismo/index.php?PAGE=SISMO/last&area=Vesuvio&rmehu=onhe

choice of the everttto re-localize is based on some consideration:

a) Improvingthe location qualitywith a moreaccurate waveform analysis;
b) Increasinghe number of the seismic phasés each earthquake to lowdhe value of RMS
(the rootmeansquare of the travel time residualdggRH (error in the horizonté&dcation)

and ERZ (error in the deptbcation).

The work wagerformedin these phases:
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a) Extraction of the waveform of th@0 seismic events frorthe dPlinice catalogue since 2@)

b) Analysis of the seismic wavefolmy WinPick software (Scarpato et al., 2004);

c) Hypocentral locatiotny Hypo71 software (Lee and Lahr, 19%&h the use otifferent \p/Vs
ratio and velocity mods|

d)/ NBIFiA2Y 27F |dadsees Q@BY NI Ky xdaf BypddervdlpanBdtezsO | § S R

| have first usedhe 2D velocity modebf INGV¢ Osservatorio Vesuviano for the Campanian area
with Vp/Vs= 1.73 and depth estimates = 10 km.

With this mode] the relocalization highlightedbw values oRMS(from 0.1 to 1.83) and ERH (from
1 to 9 km) It high values oERZip t0 979 km Thus,| made &other re-localization using the same
velocity model with fixed depth values = 10 lamd V,/Vs = 1.8.This model providedood values of
RMS but very high values of ERH and ERZ.

Finally |1 have appliednothervelocity modelGaudiosi et al.2010) obtained from the analysis of
active seismic data (profile DSS and WARR) and passive seismic profiles (telesesmic receiver

functions) that provides apWs= 1.8 and a velocity gradient increasing with defitah 5).

The obtained results shad a high quality of the réocalization, especially for the evestietween
the years 2006 and 2008 in which the ERH and ERZ valdessathar?2.5 kmand RMSalues less
than 0.5 s

In Figure 16therelocatedeventsare plotted abovehe shaded relief of the topography tife area
In nextsection | will use both the relocated events and thosen-relocated extractedrom the

ISIDe catalogufor a more detailed analysis along hypocentral sections.
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Fig. 16Theseismologicatlatabase of the Mt. Massico area. Yellow dots: relocated eweititsthe velocity model
extracted from Gaudiosi et al., (2019kllow squares: historical seismiditgm CPTI1HRovida et al., 209)6red dots:
not-relocatedevents from $IDEatalogue.The location of thélondragone towris shown with a pink triangjeed
star: the strongest event in the Mt. Massico aeedractedfrom the CPTI15 catalogue.

3.2.3 San Giuliano di Puglia area

The seismological databasetbe San Giuliano di Pugléaea containd 332earthquakes relocated

by Chiarabba et al. (20143D velocity models wva& been computed by inverting 1594 P andi42

S arrival times recorded at 37 seismic stations and rejecting data with residual times greater than
0.3s. Datd NS m LINE OS 4 & A /13y RO Iyl 3\ e &R giaBd Beyeen frequencies

2F Hp YR nn 113 y2NXIf AT Atice equdiZtion, Ndd defetirnthes A G K
energies associatedith the arrivals of the P and S direct wav@fier these arrangements, the final
RMSwas 0.14s (Latorre et al., 2010) and the hypocentral errors in the 3D model was less than 0.5
kmin x, y, and z on average (Chiarabba et al., 2&@p&xifically, in the layefeom 8 to 12 km depth

the P wave model shows main low Y anomaly located in the central part of the area, surrounded

by positive anomalies with 60V, <6.4 km/s(Fig. 18). This is caused by the westward deepening

of the Apulian carbonate platform (Mariotti and Doglioni, 2000he geometry othe Adria
platform, depressedni the central part of the modehnd with 4.9 km/s velocity contoyrwell
matches with the top of the carbonate units definkég SP converted wave analysi®( more
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details,see Latorre et al., 2010t greater depths, verkligh \b anomalies (higher than 6.4 km/s
and 7.0 km/s) are found in distinct positive spots that cluster close to the fault at depth.pfVie V
model shows positive anomalies in the central area along the east trending fault between 8cand 10
12 km and a dinge from negative to positive anomalies crossing the fault from north to south

below 12 kmof depth (Chiarabba et al., 2014he seismological database is showkig 1b.

S inverted normal fault N S N

Depth (km)
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\a e o

14° SL'O“E

Fig. 17The seismological database of the San Giuliano di Pugliaa@r®aand \W/Vs modelalong a NS profile(pink
line inplot b) extractedand modifiedfrom Chiarabba et al. (2014). The white lines arettipe(solid) or bottom
(dashed) of the Apulian carbonateuttilayer, from Latorre et al. (2010Red lines represent sommjor faults visible
in correspondencef vdocity anomalies. Black solid dostershocksred starsmain shocksb) yellowdots: relocated
eventsprovidedby Chiarabba et al. (2@). The location of the San Giuliatewn is shown with a pink triangjeed
stars: main shock§.he pink line is the trace of the section shown in plot a.
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3.3 Gravimetric databas

The use of gravimetric data is justifiedthg complexity of the geology in the Apennine chain where
many sources related to different deptlad extents are normally estimated to contribute the
measured anomaly fields (Fedi et al., 2005). A classical problem of potential field interpretation
arises from the fact that these single effects are merged together, and their identification and
isolation is often difficult. In this study,he gravimetric data, with sampling rate of 1 km, are
extracted from theBouguer Gravity Anomaly Map of Itgdublished by CNR (Carrozzo et al., 1986).
The input dataset has these characteristics:

1 Densityfor the Bouguer correction2.4 g/cnt;

1 Normal gravity: U.G.G.I., (1984);

1 Reference system: IGSN71.

The gravity anomaly fieldf central and southern Apenning$ig. 18 shows the presence of
negative and positive shewavelength anomalies, together with regiora@les caused by density
contrast of different lithologiegFedi et al., 2005). The regional anomalies are represented by an
elongated low running along the main axis of the Apennine chain and by an extended high, whose
maxima is in the central area of tfig/rrhenian basin. In several caséh® anomalies coincide with

carbonate units or basin structures (Fedi et al., 2005).
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Fig 18 Xetch ofthe gravity anomaly field of the central and southern Apennines (modified after Fedi et al., 2005)

In order to highlight the field contributions related to sources with different depth/extdritave

used theMultiscale Derivative Analys[BMDA; Fedi, 2002) of the Bouguer anomaly gravity field.

TheMultiscale Derivative Analysisethods takes advantagedm the variable resolution properties

of EHD Enhanced Horizontal DerivativEedi and Florio, 2001) that is formed by taking the
horizontal derivative of a sum of vertical derivatives of increasing order (see eq. 1). The sum allows
showingthe structuralfeatures of the study areas and having a signal that is more complete and
richer than any single term of the sum. The location of EHD maxima is used to outline the source
boundaries. A key feature of MDAethodis that it does not apply sharp componenipseation but

enhances the contributions at different resolution that gmeesentin the field.

According to Fedi and Florio (2001), the EHD is defined as:
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¢ Ox+ gO0y: )
where:
FOGY)= W fxy) +w FO0GY) + w FOxY)+ .+ w, FM(xy) (2)
and

fUz R ZEre the morder derivatives and WX ©® g dre the sets of weights.

Thefirst term EHD, the last one EHRand the weights w . .wy of the equation (2) influence the
flexibility of the EHD. The summation (2) starts with the scalar potential or any other term. Low
orderterms are affected by deeper sources or laggale effects, whereas high order terms better
represent small scale and shallow components. The last termBpHRs an important role about

GKS NBazfdziaAzyQa RSGFAfAaY (KNEDOXAA KSNAzyHIRKISNAZINGR ¢
Finally, the set of weightsancontrols the influence of each summation term (Fauld Florio, 2001).

An accurate choice of the weights and the right combination of the different terms of the equation

(2) allows enhancing theffects at scales from large to small, improving the effect related to the
deeperor shallowestsources (Fedi, 2002). Fedi and Florio (2001) demonstrated the usefulness of
this method considering the magnetic field generated by 3 prisms that simulatesnaleo
geological structure, with sources at differeshepths (Fig 19): two shallower prisms and a deeper
2ySo A aK2gy Ay (GUKS FAIdzNBESX (GKS aKIFff2aaSN &2
recognize them from the analysis of the fieldig. 19 plot a). Using the MDA, it is possilite

ASLI NFGS GUKS RAFTFSNBYyU az2d2NOSaQ SF¥FSoOita oe OK
summation is made by the first terms of the equation (2), the deepest source boundaries are better
defined fHg. 19, plot b). On the contrary, by using the last terms of the summation, the shallowest
a2dz2NODS&aQ 062dzy Rl NA SRg. 1opidec, d).SG G4 SNJ RSt AySFGSR o
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Fig. 19Synthetic magnetic field generated by thig®allow and deeprismatic sources. In the sydbots | show,the
source boundary analysis using different scale of the MDA. (after Fedi and Florio, 2001)

These results hold also for tiggavimetric field For this thesis, | used the MDA at medium scalg (w
=5) for the Paganica, Mt. Vettore Mt.Bove, San Giuliano di Puglia asethat allows to highlight
both shallow and deep structureand short scale (= 7) for the Mt. Massico aredhe MDA map

of the study areas arshown in Fig20, plotsa, b, c, din all the sukplots of Fig. 20some Apenninic
and anttApenninic trends of anomalies aokear. The red values of the MDA mapighlighted by
black lines,represent density contrast causedby the presence offault that puts in contact
lithologies with different density The presenceof topographic highs could also influence MDA
maxima. For thiseason s important to understandhe source of each gravimetdineaments with
the support of the seismicity. TBul created an attribute table, showed at the end of the thasis,

which, br each lineament, | reported:

1 ID numberto identify the lineament;

1 Correlation with topographyif the MDA lineament fits with a topograpHe&aturethe value
2T 0KS O2NNEBf I A2y doesinotditiith AtpbgraphicRightiekvaluef A y' S |
2T 0KS O2NNBflGA2y Aad af206ET

1 Correlation with faultsif the trend of the MDA lineamentmatcheswith the trend of the
YIFLIWLWISR Fldz G6as GKS @FtdzS 2F GKS O2NNBf F GA
Tl dzf 6aQ SPHARSYOS 2 GHAFGIOSHzE yRF,ab62 NNBEER ¥A
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1 Correlation with earthquakesf the MDA lineament overlaps a seisrolastering the value
2F GKS O2NNBflFGA2Y A& AKAIKED hy GKSicO2y il
(or absenj seismicity the value oktS O2 NNBf I G A2y A& daf206é @
1 Notes. somecommentsabout the correlations are made. For examples, | specify:
- if the MDA lineament cuts a topographic high or a seismic clustering perpendicularly

- if the MDA lineament is only partially correlated with topograinyearthquakes

In all the subplot in Fig. 20the main gravimetric lineamentre correlated with an ID number to

better identify them in the attribute tabls.
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Fig. 20The gravimetric database of the study aredth attribute tables; a) MDA at medium scale ithé Paganica
area;b) MDA at medium scale in tHdt. VettoreMt.Bove arear) MDA at short scale in thHdt. Massico areagl)

MDA at medium scale iBan Giuliano di Puglia ardalack lines: MDA maxima sigls with ID numbex The location of
the main towns is shown with a pink trianglhe attribute tables for all the area are showrirables6a, b, c, d.
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