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Abstract Southern Calabria and the NE corner of Sicily (Italy) were struck in 1783 and 1908 A.D. by two of
the most catastrophic earthquakes ever in European history. Although it is generally acknowledged that the
seisms were yielded by normal faults rupturing the upper crust of the Calabria-Peloritani terrane, no consensus
exists on seismogenic source location and orientation. Here we report on a high-resolution low-altitude
aeromagnetic survey of southern Calabria and Messina Straits. In southern Calabria we document a broad
weakly positive (5–10nT) anomaly zone interrupted by three en echelon SW-NE null to negative magnetic
anomaly corridors. Euler deconvolution andmagnetic modeling show that the anomaly pattern is produced by
a 1–1.5 km thick crustal “layer” located within 3 km depth. This layer is offset by a 25 km long NE trending fault
that corresponds to the Armo normal fault, recently inferred to be the source for the 1908 earthquake. Few
kilometers to the south, we also document a subparallel and previously unrecognized fault, entering the
Messina Straits and likely joining the Armo fault at depth. Further east, we model a 40 km long normal fault,
probably extending northeastward for additional 40 km, running along the south Calabria axis from
Aspromonte to the Serre mountains and partly following the 18 km long surface rupture witnessed by
Déodat de Dolomieu after the 1783 earthquake. Thus, aeromagnetic data suggest that the sources of the
1783 and 1908 earthquakes are en echelon faults belonging to the same NW dipping normal fault system
straddling the whole southern Calabria.

1. Introduction

In the last 30 years, determining seismogenic source geometry of large (M 6–8) or even medium size (M 4–6)
crustal earthquakes has become routinely possible thanks to the progressive increase of seismic network
size and availability of satellite evidence for ground deformation. Accurate location of foreshocks (when
existing), main shock, and aftershocks precisely illuminates the fault plane, and focal mechanisms yield
fault kinematics [Chiaraluce et al., 2003; Valoroso et al., 2013; Li et al., 2014]. Furthermore, GPS data provide
surface coseismic horizontal displacements, while DInSAR data yield surface vertical motion, and both can
be inverted to infer on fault plane location, geometry and kinematics [Anzidei et al., 2009; Atzori et al., 2009;
Cheloni et al., 2010; Bletery et al., 2014]. Geophysical evidence can also be complemented by field observa-
tions when faults break the entire seismogenic crustal layer and rise up to the surface [Cinti et al., 2011;
Fletcher et al., 2014].

On the other hand, the identification of the seismogenic sources is often controversial for earthquakes
occurring in historical times, when seismological and/or ground motion constraints were lacking. The
paradigmatic case is represented by the 1755 Lisbon earthquake, unanimously considered to represent
the most destructive earthquake in European history. Despite this event is estimated to have reached a
magnitude of 8.5–9.0, the location and kinematics of its seismic source remain enigmatic at present [e.g., Joao
and Fonseca, 2014].

In Italy, unprecedented historical accounts provide an accurate record of the most destructive earthquakes
occurred in the last two millennia [Boschi et al., 1995, 1997, 2000; Catalogo Parametrico dei Terremoti
Italiani Working Group, 2004; Guidoboni et al., 2007], but—as a rule—there is no consensus on seismogenic
source location and characteristics. The reason for this uncertainty is twofold. First, Italy is in the middle of
the Mediterranean tectonic puzzle where the convergence of the African-Eurasian plates is accomplished
by a complex drift and rotation of microplates, terranes, and isolated slab fragments sinking in the mantle
[Faccenna et al., 2001; Rosenbaum and Lister, 2004; Maffione et al., 2013]. Crust is densely fractured, and fault
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orientation and kinematics are highly variable, changing abruptly even within the same microplate or belt
segment. Second, according to the Italian active fault database [DISS Working Group, 2010], most of the
sources are blind, and/or the relation between surface faulting derived by field observation and seismogenic
fault geometry at depth is unclear.

A lively debate on causative fault characteristics also exists for the 1908 and 1783 Calabro-Sicilian earth-
quakes, two of the most destructive Italian seismic events ever. The 28 December 1908M 7.1 earthquake
hit both NE Sicily and SW Calabria around the Messina Straits causing 80,000 casualties mostly in the
Messina and Reggio Calabria towns [e.g., Aloisi et al., 2013, Figure 1]. The 1783 seismic sequence gave five
M~ 6–7 main shocks between 5 February and 28 March, which devastated the whole south Calabria, and
yielded several surface effects (landslides and lake damming) among which a remarkable 18 km long surface
fracture, accurately described in 1784 by Déodat de Dolomieu in one of the first paleoseismological reports of
history [e.g., Jacques et al., 2001].

The few seismological recordings of 1908 coupled with coseismic vertical displacements documented by
leveling data of Loperfido [1909] have been predominantly interpreted to support a blind low-angle (30° to
40°) normal fault dipping toward the SE and located below the Messina Straits [Capuano et al., 1988; Boschi
et al., 1989; De Natale and Pingue, 1991; Valensise and Pantosti, 1992; Amoruso et al., 2002; Valensise et al.,
2008; DISS Working Group, 2010; De Natale and Pino, 2014]. Conversely, another set of models considers
NW dipping, high-angle normal faults on mainland Calabria as causative sources of the seism [Schick, 1977;
Mulargia and Boschi, 1983; Ghisetti, 1984, 1992; Bottari et al., 1986; Westaway, 1992; Tortorici et al., 1995;
Bottari, 2008]. Recently gathered field evidence along with a reevaluation of geodetic and seismic data have
been used by Aloisi et al. [2013, 2014] to identify the Armo fault (ARF), a NW dipping normal fault exposed in
SW Calabria, as source of the 1908 event (Figure 1).

In a similar way, the Gioia Tauro and Mesima basins of Calabria, where three of the five 1783 main shocks
occurred, have been interpreted as due to blind SE dipping faults [Valensise et al., 1993; Valensise and
D’Addezio, 1994], or as half-grabens controlled by NW dipping normal faults, partly exposed along the surface
rupture witnessed by de Dolomieu in 1784 [Cotecchia et al., 1969, 1986;Westaway, 1992; Tortorici et al., 1995;
Jacques et al., 2001; Galli and Bosi, 2002, Figure 1].

In this paper we report on the results of the high-resolution low-altitude aeromagnetic survey carried out on
the Messina Straits and southern Calabria during September–October 2013 by the Istituto Nazionale di
Geofisica e Vulcanologia (INGV) Airborne Geophysics Team. Previous works from the western US, Australia,
and Antarctica showed that high-resolution airborne residuals may provide a careful picture of crustal setting,
highlighting previously unrecognized upper crust fault geometry [Blakely et al., 2000; Grauch et al., 2001;
Chiappini et al., 2002; Grauch and Hudson, 2007; Hudson et al., 2008; Aitken and Betts, 2009; Dentith et al.,
2009]. Here we show (as already proven in the western US by Kelsey et al., 2012, and Blakely et al., 2014) that
crustal structural pattern, inferred by high-resolution airborne magnetics, can be related to active faults
occurrence, thus contributing significantly to seismic hazard assessment.

2. Tectonics of Calabria and Conflicting Seismogenic Sources Inferred for the 1908
and 1783 Earthquakes

Calabria and NE corner of Sicily (Peloritani Mountains) form a terrane that experienced a long lasting Tertiary
Alpine deformation and drift history within the collision zone between African and Eurasian plates. Differently
from Apenninic and Sicilian Maghrebide sedimentary sequences, the Calabria-Peloritani terrane is made up
of crystalline basement that underwent Hercynian deformation, covered by Meso-Cenozoic sedimentary
units [Heymes et al., 2008]. The Hercynian complex is inferred to tectonically overlie scattered patches of
the Liguride units (Jurassic to Early Cretaceous ophiolitic units of Tethyan oceanic lithosphere) and the
Apenninic chain (Meso-Cenozoic carbonate sequences) [Amodio Morelli et al., 1976; Monaco and Tortorici,
1995; Bonardi et al., 2001; Rossetti et al., 2001, 2004; Heymes et al., 2008]. Together with the Corsica-Sardinia
block, Calabria was originally adjacent to the Provencal margin of Europe and since Oligocene times under-
went a two-step southeastward drift. During Oligocene-middle Miocene times (30–16Ma) Calabria drifted
southeastward along with Corsica-Sardinia, allowing at the rear the spreading of the Liguro-Provencal
Basin. After a stop of ~5Ma, the locus of spreading jumped east of Sardinia, giving rise to the Tyrrhenian
Sea (~10–2Ma) at the rear of the southeastward drifting Calabria-Peloritani block [Malinverno and Ryan,
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1986; Patacca et al., 1990; Faccenna et al., 2001]. Terrane drifting and Tertiary back-arc spreading in the
Mediterranean Sea are interpreted as due to the progressive sinking in the mantle of a narrow Ionian oceanic
corridor formed between Pangea and Adria in late Paleozoic-Early Mesozoic times [e.g., Speranza et al., 2012].
Ongoing subduction of the Ionian slab is testified by subcrustal seismicity in the south Tyrrhenian Sea down
to ~500 km depth [e.g., Selvaggi and Chiarabba, 1995; Chiarabba et al., 2008; Neri et al., 2009].

Figure 1. Digital elevation model andmain tectonic features of southern Calabria and northeastern Sicily. Main Pliocene-Quaternary extensional faults (red) are from
Catalano et al. [2008] and Aloisi et al. [2013]; seismogenic source boxes (orange) are from Database of Individual Seismogenic Sources [DISS Working Group, 2010].
The locations of the main shocks of the 1908 and 1783 earthquakes are from Schick [1977] and Jacques et al. [2001], respectively. The damage distribution zones
(MCS intensity X and IX degree) are from Baratta [1910]; Boschi et al. [1995];Monaco and Tortorici [2007]. Leveling data showing coseismic subsidence (pink line, white
values in centimeter) and uplift (green line) measured after the 1908 earthquake [Loperfido, 1909] are also displayed. Abbreviations: CP = Capo Pellaro and
CDA = Capo dell’Armi.
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Since middle-late Miocene times (Serravallian-Tortonian), the Calabria nappe stack underwent brittle exten-
sional tectonics along the Tyrrhenian side, and was unconformably covered by postorogenic continental and
marine clastics [Barone et al., 1982; Mattei et al., 2002; Cifelli et al., 2007a, 2007b]. On land, Pliocene-Holocene
normal faulting determined the formation of several half-grabens in southern Calabria (Gioia Tauro and
Mesima basins, Figure 1), where thick (up to ~600m) syntectonic packages of predominantly marine clastics
deposited [Tortorici et al., 1995; Monaco and Tortorici, 2000; Galli and Bosi, 2002; Catalano et al., 2008]. The
Pleistocene tectonics of southern Calabria is characterized by a regional uplift occurring at a rate of 1–2mm/yr
since 0.7Ma [Westaway, 1993; Catalano et al., 2003; Ferranti et al., 2006; Antonioli et al., 2006, 2009], accompa-
nied by the activity of a NW dipping extensional faults system (Figure 1). Among them, the Armo (ARF),
Cittanova (CF), and Serre (SRF) faults juxtapose the crystalline basement of the Aspromonte and Serre massifs
with the Pliocene-Quaternary deposits of the Reggio Calabria, Gioia Tauro, and Mesima basins, respectively
[Catalano et al., 2008]. Although the Pleistocene activity of these faults is unquestionable, their role played
during destructive historical earthquakes striking Calabria is highly debated [Ghisetti, 1984, 1992; Valensise
and Pantosti, 1992; Westaway, 1993; Tortorici et al., 1995; Monaco and Tortorici, 2000; Jacques et al., 2001;
Amoruso et al., 2002; Galli and Bosi, 2002].

On 28 December 1908 an M 7.1 seism [Baratta, 1910; Schick, 1977] struck NE Sicily and SW Calabria. The
macroseismic damage distribution (MCS intensity IX and X) is elongated in the NE-SW direction and mostly
covers the western and NW side of the Aspromonte Massif, straddling the Armo (ARF), S. Eufemia (SEF),
and Reggio Calabria (RCF) normal faults (Figure 1). Lacking contemporaneous reports on surface faulting,
seismogenic fault location has been mainly inferred considering ground leveling data [Loperfido, 1909].
These data evidenced systematic coseismic subsidence up to 54 cm along the west Calabrian coast and of
64 cm at Messina (but the latter has been later interpreted as due to local landslide effect) and moderate
uplift up to 13 cm in the Calabrian coastlines just east of the subsided area (Figure 1). Most of the focal
mechanism solutions, computed considering the few seismograms available in 1908, point to an NNE-SSW
normal fault geometry, with a steeper NW dipping plane [Schick, 1977; Mulargia and Boschi, 1983; Bottari
et al., 1986]. Leveling data along with seismological evidence were interpreted as being due to a variety of
N-S to NE-SW, 30 to 50 km long normal faults, with most of the solutions being blind low-angle faults (30°)
dipping toward the SE [Capuano et al., 1988; Boschi et al., 1989; De Natale and Pingue, 1991; Valensise and
Pantosti, 1992; Amoruso et al., 2002; Cannelli et al., 2013]. Recently, Aloisi et al. [2013], relying on a new leveling
data inversion along with field investigation and seismic tomography of the crust, proposed that the 1908
seism was generated by the NW dipping Armo normal fault, well apparent in the field as it separates crystal-
line rocks exposed in the footwall from Pliocene-Pleistocene marine sediments of the Reggio Calabria basin.

However, the Armo fault (ARF) alone cannot completely explain the coseismic elevation changes reported by
Loperfido [1909], as the Armo fault footwall shows coseismic subsidence (although smaller than the hanging wall)
as south as Capo dell’Armi (Figure 1). Therefore, Aloisi et al. [2013] suggested that the coast between Capo
Pellaro and Capo dell’Armi lies in the hanging wall of a splay of the Armo fault (named Motta San
Giovanni fault, MSGF in Figure 1) that was also activated during the 1908 earthquake (Figure 1). The conclu-
sions by Aloisi et al. [2013] were later questioned by De Natale and Pino [2014], who reanalyzed the seismo-
logical and geodetic data set and confirmed the low-angle blind SE dipping fault as most likely source of the
1908 event. Aloisi et al. [2014] further replied to the comments by De Natale and Pino [2014] and argued that
geodetic and seismologic data alone cannot discriminate among sources, but that the Armo fault is favored
by geomorphological evidence as well as from seismic reflection surveys of the Messina Straits, showing evi-
dence of faulting only in the Calabrian margin [Argnani et al., 2009]. For this reason, other authors locate the
fault responsible of the 1908 seism farther north in the Tyrrhenian Sea or south in the Ionian Sea [Doglioni
et al., 2012; Polonia et al., 2012].

The 1783 seismic sequence was characterized by five M~ 6–7 main shocks occurring from 5 February to 28
March that devastated southern Calabria, causing more than 30,000 casualties. The main shock of 5 February
is estimated to represent the strongest seism of the past millennium in Italy, with a MCS intensity >11
[Boschi et al., 1995]. According to Jacques et al. [2001], the 5 February shock was due to the rupture of both
the Cittanova (CF) and Sant’Eufemia (SEF) faults (Figure 1). The Cittanova fault forms the SE boundary of the
Gioia Tauro basin, and its surface expression is represented by a NW facing scarp at the foot of the northern
Aspromonte Massif. In 1784, de Dolomieu accurately described an 18 km long and 1m wide surface fracture
formed during the 1783 event along the Cittanova fault and yielding the subsidence of the Gioia Tauro plain.
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Although de Dolomieu interpreted this evidence as the effect of an exceptionally large landslide, Jacques et al.
[2001] and Galli and Bosi [2002] considered it as a clear proof of surface faulting occurring during the 1783
sequence. The Holocene activity of the NE trending, 23 km long, and highly dipping (65°–80°) Cittanova fault
has been suggested by further geological, geophysical, and paleoseismological studies [Tortorici et al., 1995;
Jacques et al., 2001; Galli and Bosi, 2002]. On the other hand, Ricchetti and Ricchetti [1991] and Valensise and
D’Addezio [1994] stated that there is neither stratigraphic nor structural evidence documenting the activity
of the Cittanova fault after early Pleistocene times and considered it as a fossil trace of an inactive fault.
Consequently, Valensise and D’Addezio [1994] argued that the sediment geometry of the Gioia Tauro plain is
controlled by a blind, low-angle, SE dipping fault that was responsible of the 1783 main shock [DISS Working
Group, 2010, Figure 1]. The faults inferred by Jacques et al. [2001] to be responsible for the following threemain
shocks of the 1783 sequence (6 February, 7 February, and 1 March) are the Scilla (SF), SW Serre (SRF), and NE
Serre faults, respectively (Figure 1),while the last shockof 28Marchoccurred further north and its paleoseismo-
logical context is less clear. The Sant’Eufemia, Cittanova, and Serre faults strongly deform upper Pleistocene
deposits and are morphologically characterized by cumulative escarpments of several hundreds of meters,
indicating significant Pleistocene activity [Jacques et al., 2001].

3. Existing and Newly Acquired Aeromagnetic Data

During the 1970s, the national oil company Agip (now Eni) acquired airborne magnetics over whole Italy with
several surveys carried out at an altitude of 300–4000m [Agip SpA Italia, 1981]. Surveys of Calabria were
obtained in 1973 with flight line spacing of 5 km, at fixed altitudes of 914 and 2134m over sea and land,
respectively. Recently, the Agip SpA Italia [1981] magnetic anomaly map has been recalculated using a differ-
ent reference field, more appropriate for the area and acquisition period and reduced to an altitude of
2500mabove sea level (asl) [Caratori Tontini et al., 2004]. If the Agip SpA Italia [1981] flight lines shown by
Caratori Tontini et al. [2004] are considered, the Messina Straits and the Ionian margin of Calabria seem to
have been investigated with a closer spacing of ~ 1 km. Airborne residuals by Caratori Tontini et al. [2004]
show null to negative values in central-southern Calabria, progressively becoming more negative toward
the SW and reaching �60 nT in the Messina Straits (Figure 2a). A narrow zone of positive anomalies over
the Capo Vaticano promontory has been recently investigated by a high-resolution aeromagnetic survey that
modeled the occurrence of an igneous body at depth [De Ritis et al., 2010]. The low magnetic anomaly inten-
sities of southern Calabria are confirmed by themagnetic anomaly map of Italy and surroundingmarine areas
by Chiappini et al. [2000], which integrates several magnetic measurements carried out on land and at sea.
With the exception of Capo Vaticano and a small sector of the Serre Mts. only negative anomalies occur,
reaching values as low as �90 nT in the SW Calabria coast around the Messina Straits (Figure 2b).

A high-resolution low-altitude aeromagnetic survey was performed by the INGV Airborne Geophysics Team
during September–October 2013 using Eurocopter AS-350 B2 helicopter. The survey area extends from the
eastern side of the Peloritani Mountains (Sicily) to the Capo Vaticano promontory (Calabria) (Figures 1 and
2). The 93 flown aeromagnetic profiles are oriented N80°, i.e., at high angle with respect to the expected trend
of regional seismogenic faults, with a 1 km line spacing for a total length of ~5600 km (Figure 2c).
Deterioration of weather conditions along with the elevation of the Central Aspromonte Massif determined
the fulfillment of the overall flight time established by contract. This circumstance prevented the completion
of the planned flight, leaving out the area represented by the white polygon in Figure 2c. The survey was
flown at the constant flight altitude of about 270m in the offshore area, whereas profiles onshore were
draped with a terrain clearance of ~300m, reaching a maximum barometric height of about 2000m over
the Aspromonte Massif.

The magnetic field measurements, acquired at a sampling rate of 10 Hz, were carried out through a cesium
optical pumped magnetometer located in a towed aerodynamic housing suspended from the helicopter
barycentric hook through a 30m cable. Precise positioning was performed by a GPS system in differential
mode. Ground clearance was measured by means of a laser and radar altimeters. The collected aeromagnetic
data were reduced to the 2013.66 geomagnetic epoch through an extremely accurate removal of the effects
of the time varying external fields recorded at themagnetic base station settled in the Peloritani mountains at
38.15°N–15.50°E (Figure 2c). This procedure allowed the correction of the magnetic diurnal variation from the
measured data set. The crustal contribution to the magnetic anomaly field was finally calculated by
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subtracting the Geomagnetic Reference Field 11 model [Finlay et al., 2010] from each reduced survey point.
The obtained data set was gridded with a 1000m spacing by using a minimum curvature algorithm, and a
microleveling procedure was applied to correct the residual errors in the gridded anomalies. The final mag-
netic anomaly field, represented into universal transverse Mercator projection using the WGS84 map datum
and central meridian of 15°E (zone 33N), is shown in Figure 2d in shaded relief.

4. Magnetic Anomaly Pattern of South Calabria and the Messina Straits

The magnetic anomaly map of Figure 2d shows an overall weak intensity ranging from �30 to 20 nT
(mean �6 nT) over the entire survey area. The Messina Straits is dominated by a remarkable negative mag-
netic anomaly pattern, up to �30 nT. This magnetic minimum could be partly due to the long wavelength
component of the strong dipolar magnetic anomaly yielded by the Etna volcano, located SW of the survey
area [D’Ajello Caracciolo et al., 2014]. Both the low intensity and the observed wavelength of magnetic anoma-
lies seem to confirm the weak magnetization of exposed Hercynian crystalline rocks of Calabria, as proved by
magnetic susceptibility measurements (average K value of 1.7 × 10�4 SI) reported by De Ritis et al. [2010].

Southern Calabria (Aspromonte Massif and Calabrian Tyrrhenian margin) is characterized by weak positive
anomalies of 5–10 nT interrupted by three en echelon, NE oriented, 5–10 km wide magnetic “corridors”
(corridors c1, c2, and c3 in Figure 2d) where anomalies are null to slightly negative down to a value of
�5 nT. Across the corridors we systematically observe a magnetic intensity step of few nT. The western
corridor c1, ~25 km long, bounds to the north the Armo fault (ARF) and is followed by ~5 km to the south
by the subparallel corridor c2 that enters for 15 km theMessina Straits and does not correspond to any known
tectonic feature. The eastern 40 km long corridor c3 corresponds, at least along its northern end, with the
Cittanova fault (CF) and the surface break witnessed by de Dolomieu [1784]. Further south, the magnetic cor-
ridor deviates from the southern end of the Cittanova fault and enters the crystalline rocks of the southern
Aspromonte Massif, along a path that does not coincide with previously documented faults. Unfortunately,
the magnetic corridor c3 crosses the no data area (Figure 2c); however, magnetic corridor trends north
and south of the gap are clear so that we are confident on their extrapolation along the no data area. It is
unclear whether corridor c3 can be connected with the negative anomaly zone located at the northern

Figure 2. (a and b) Previous magnetic anomaly maps of Caratori Tontini et al. [2004] and Chiappini et al. [2000], respectively; in purple the area investigated by
new high-resolution aeromagnetic survey; (c) Map of the high-resolution aeromagnetic survey and flight lines flown at an altitude of 300m above sea level in
the offshore and with a clearance of about 300m over land. The base station for magnetic diurnal corrections, located in the Peloritani Mountains, is also shown;
(d) Shaded relief (illumination inclination 40°, declination 80°) magnetic anomaly map (total intensity) reduced to the flight height, superimposed to the main
Pliocene-Pleistocene normal faults of Figure 1. The dashed white line underlines the surface break of 1783 earthquake [de Dolomieu, 1784]. Dotted black ellipses
indicate magnetic anomaly corridors c1, c2, and c3 (see text).
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survey margin, in correspondence of the Serre fault (SRF; Figure 2d). No significant magnetic features are
observed in the systematic negative anomaly domain of the Messina Straits. Inland, magnetic anomalies of
southern Calabria gradually increase moving toward the NW, until they reachmaximum values of 20 nT along
the Tyrrhenian margin.

The expectedmagnetic properties of crystalline rocks as those exposed in Calabria are highly variable, as they
depend upon nature of the protolith, or magma for igneous rocks, degree of metamorphism, and ultimately
degree of fracturation and alteration [Lanza and Meloni, 2006]. Few measurements carried out in the crystal-
line rocks (mostly granites) from Capo Vaticano and Serre Mountains (Figure 1) yielded, with the exception of
one sample, low-susceptibility (K) values in the range of 4 × 10�4� 7 × 10�6 SI (average 1.7 × 10�4 SI [De Ritis
et al., 2010]). Serpentinites and basic igneous rocks, which are expected to yield significantly higher K values,
are lacking in southern Calabria with the exception of a few exposed patches of insignificant volume [Amodio
Morelli et al., 1976]. The K of clay layers from the Neogenemarine sequences, extensively studied for magnetic
anisotropy analysis in Calabria, is on average 2× 10�4 SI [Mattei et al., 2002; Cifelli et al., 2007a, 2007b; Macrì
et al., 2014]. However, most of the Neogene sequences are made by sandstones-conglomerates that are
expected to have lower susceptibilities so that an overall value of 1 × 10�4 SI can be reasonably inferred
for the whole Neogene sedimentary succession.

In northern Calabria, the Hercynian crystalline rocks are stacked over Tethyan ophiolites [Rossetti et al., 2001,
2004] that elsewhere are well known for their strong magnetic fingerprint. Thus, considering also that the
crystalline rocks exposed in southern Calabria show very weak magnetization [De Ritis et al., 2010] and no
magnetic topographic effect is observed, we hypothesize that a hidden ophiolitic nappe is the best candidate
for the upper crust layer responsible of the observed magnetic anomalies.

The anomaly pattern of Figure 2d is at first order consistent with previous data acquired by ground/sea level
measurements [Chiappini et al., 2000, Figure 2b] and aeromagnetic survey [Agip SpA Italia, 1981; Caratori
Tontini et al., 2004, Figure 2a]. All the data sets document weak and predominantly negative magnetic
anomalies in the study area, with the more negative values corresponding to the Messina Straits.
Differences of magnetic anomalies gathered on land are probably due to ground disturbances. Differences
between our aeromagnetic survey and the Agip SpA Italia [1981] anomaly map, reprocessed by Caratori
Tontini et al. [2004], are likely due to acquisition parameters along with flight height, clearance, and resolu-
tion. With respect to the already available data sets, the higher resolution of our aeromagnetic survey high-
lights subtle anomalies of 1–5 nT that were not visualized before.

4.1. Euler Deconvolution

In order to get information about the magnetic source position and depth, we performed Euler deconvolu-
tion [e.g., Thompson, 1982; Reid et al., 1990] over the entire survey area. This technique is both a boundary
finder and a depth estimator and is routinely used both to recognize structures in the basement and to docu-
ment depths of crystalline top basement beneath sedimentary cover. By using Euler’s homogeneity relations
the method searches for specified anomaly types in a grid and represents the solution’s depth estimation on
a georeferenced map. According to the geological setting of this area and in order to identify lineaments in
the aeromagnetic data, we applied a 2.5 km2 moving window and used a structural index (SI) of 0 (typical for
a vertical contact between different magnetic units). Euler deconvolution yields source depth solutions ran-
ging in the first 2 km of depth (Figure 3). These results depend upon the SI value adopted, as a small SI could
give too shallow depth estimations. Consequently, we also performed Euler deconvolution using different SI
value (1, 2, and 3). We obtained always depth solutions within 4 km below sea level (bsl) indicating that mag-
netic anomalies reflect the setting of a shallow (although not exposed) layer of the Calabria nappe stack, and
that there is no apparent contribution from the deep crust. This evidence could support tectonic models pos-
tulating that the crystalline rocks of Calabria are tectonically stacked over nonmagnetic Apenninic sediments
[Rossetti et al., 2004; Heymes et al., 2008].

Concerning tectonic boundaries, using a SI value of 0, we have obtained well-clustered solutions that show
large consistence with the major structures or tectonic boundaries shown in Figure 1. However, increasing
the SI value we completely lose solution clustering along faults, implying that 0 is definitely the best SI value
for magnetic lineament individuation in our data set. The scattered Euler solutions obtained with all indices
along the magnetic corridors c1 and c3 confirm the presence of faults, partly coinciding with the already
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known Armo and Cittanova faults. The magnetic corridor c2 is instead not well defined by the Euler solutions,
although there is evidence of it in the aeromagnetic anomaly map (Figure 2d). Other solution alignments that
neither correspond to previously documented faults nor to significant anomaly features in Figure 2d are
probably related to localmagnetic susceptibility contrasts in the upper crustal rocks. Their nature is speculative
and will not be discussed further.

4.2. 3-D Inversion

Further information about magnetic source geometry was obtained performing an inversion to the magnetic
grid, upward continued to 2 km (asl) in order to remove the high-frequency anomaly components
(Figure 4a). The gap above the Aspromonte Massif (Figure 2c) was filled by interpolation of the original data,
because the presence of empty space could cause some problems in the 3-D inversion. The upward contin-
ued anomaly map shows again the corridors c1 and c3 but not clear evidence for corridor c2. Magnetic inver-
sion is limited by the nonuniqueness inherent to potential fields and by algebraic ambiguity, which implies
that an infinite number of magnetization distributions can reproduce the observed magnetic anomalies
[Blakely, 1995]. Therefore, it is necessary to introduce some mathematical and geological constraints on
source parameters in order to reduce the number of degree of freedom of the inversion problem.

The model space has been “discretized” in 5969 cells with 2 km×2 km edges and 500m thickness, ranging
from 4000m (bsl) (according to the shallow depths provided by Euler deconvolution) up to the surface

Figure 3. Euler deconvolution solutions (SI = 0) performed on the magnetic anomaly map of Figure 2d. Colored circles
represent solution depths. Black lines indicate anomaly corridors c1, c2, and c3.
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topography (Shuttle Radar Topography Mission, digital elevation data, http://www2.jpl.nasa.gov/srtm/). After
fixing a reference magnetization with a direction similar to the present-day field (inclination = 55°; declina-
tion = 0°), we imposed that the single cells of the 3-D mesh could assume either the reference magnetization
or zero; using the inversion technique, we calculated the configuration that minimized the error between real
magnetic measurements and synthetic data. We calculated six different inversion models using a direct
search minimization algorithm at constant magnetization, with values ranging between 0.0078 and 1A/m
(corresponding to 1 × 10�4 SI and 1 × 10�2 SI susceptibility values, respectively). This interval represents a
reasonable range to explore how the recovered model is sensitive to different magnetizations.

Figure 4b shows that the magnetization value that provides the best fit between the observed and the syn-
thetic anomalies corresponds to a susceptibility on the order of 1 × 10�3 SI. This value falls at the lower bound
of values observed in ophiolites [Lanza andMeloni, 2006; Hinze et al., 2013] and is greater than themean value
measured in the exposed Calabrian rocks (K= 1.7 × 10�4 SI) that in fact were proven not to yield detectable
anomalies. As displayed in Figure 4c, the 3-D block model solution of the magnetic source returned by the
3-D inversion confirms that the aeromagnetic anomaly pattern observed in southern Calabria is due to a layer
with K on the order of 1 × 10�3 SI located between few hundreds of meters and 4000m depth that we inter-
pret as an ophiolitic nappe lying below the exposed crystalline rocks.

The model fit (observed versus calculated anomaly) is reported in Figure 5 along each profile. The misfit is
constant and is low, in the order of 1�1.5 nT, testifying the first-order consistency of the 3-D inversion with
target data. All profiles show a magnetic anomaly source below the Aspromonte Massif that dips westward
(partly below the Gioia Tauro basin) and then rises up again along the Tyrrhenian Sea and the Messina Straits.
The deepest part of the model source roughly corresponds to the magnetic anomaly corridor c3 and its east-
ern border corresponds to the Cittanova fault (CF) along the profile 1 (Figure 5a). Further south, profiles 2, 3,
and 4, crosscutting E-W the southern Aspromonte Massif, show that the magnetic corridor c3 is again coin-
cident with the deepest source zone but here it does not correspond to known faults. It must be noted that

Figure 4. (a) Three-dimensional magnetic inversion applied on an upward continued magnetic anomaly grid; the locations of E-W model source sections, displayed
in Figure 5, are shown with white lines; Abbreviations: CF = Cittanova fault and ARF = Armo fault; (b) inversion errors (in nT) as a function of magnetization values;
(c) three-dimensional view of the best model source.
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profiles 3 and 4 partially cross the aeromagnetic data gap, later interpolated, implying that for such profiles
source geometry below Aspromonte Massif should be regarded as speculative. Profiles 3 and 4 cross the
Armo fault (ARF) but do not reveal source offset in correspondence of fault scarp (Figure 5c and 5d). Thus, we
conclude that the Armo fault produces a clearmagnetic signature (Figure 2d), is well apparent in the upward con-
tinued anomaly map, has a magnetic boundary properly retrieved by Euler deconvolution solutions (Figure 3),
but its tectonic offset must be smaller than the vertical resolution of our 3-D inversion model (500m).

Figure 5. E-Wmodel source sections with the topographic profiles (in brown) crossing a) the Cittanova fault (CF) and north
Aspromonte, b) south Aspromonte, c) and d) the Armo fault (ARF) and south Aspromonte. Section locations are in Figure 4a.
The observed (red dots) and calculated (green dots) magnetics and the misfit between them (orange dots) are shown.
Light blue blocks, located at the western margin of Figures 5a and 5b, are not considered because there the inversion
results are biased by a higher intensity anomaly located along the Tyrrhenian margin.
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4.3. Forward Modeling

The setting of the buried magnetic layer was investigated by two 2.75D forward models crossing the
Aspromonte Massif (Figure 6a). NW-SE profile trend was chosen orthogonal to the normal faults and themag-
netic corridors in Figure 2d. The models consider the information (susceptibility values, source geometry,
depth, and thickness) gathered by Euler deconvolution solutions and 3-D inversion. To get consistent results,
we have used the same upward continued magnetic anomaly grid adopted for the 3-D inversion. We consid-
ered a thickness of ~1�1.5 km for the magnetic layer and a susceptibility value of 5 × 10�3 SI. This is slightly
greater than the 1 × 10�3 SI value suggested by magnetic inversion but translates into source depths that are
in better agreement with Euler deconvolution solutions. We also assumed that magnetic anomaly intensity
variations are due to the magnetic layer setting instead of changes in the susceptibility value occurring in
the upper crustal rocks.

Profile 5 (Figure 6b) starts from the Tyrrhenian coast and crosses the Gioia Tauro basin and the Cittanova fault
(CF), ending on top of the northern Aspromonte Massif (~1200masl). Magnetic anomaly values are relatively
high (5 nT) along the coast and progressively decrease crossing the Gioia Tauro basin, down to a value of
�2 nT. Magnetic residuals abruptly rise again in correspondence of the Cittanova fault and the contact with
the crystalline rocks of the Aspromonte, where they reach a value of 3 nT. Anomaly variations are modeled
through a magnetic layer whose top progressively decreases from 0 to 1500m bsl moving from the
Tyrrhenian coast to the Cittanova fault, where it abruptly rises finally reaching an elevation of ~500m bsl
below the northern Aspromonte Massif. Thus, our modeling yields a total offset of the magnetic layer in
correspondence of the Cittanova fault of ~700m.

Profile 6 (Figure 6c) crosses the Armo fault (ARF) and subsequently cuts the cone of the southern Aspromonte
Massif, reaching ~1500masl close to the mountain top, and ending few kilometers before the Ionian Sea
coast. The magnetic anomaly is low (1 nT) at the westernmost end of the profile and remains rather constant
over the Aspromonte, besides showing a small positive step of ~2 nT in correspondence of the Armo fault
and a following lowering around the Aspromonte top. Magnetic anomaly values subsequently rise along
the SE slope of the southern Aspromonte, where they reach a peak of 6 nT. This profile confirms that there
is no correlation between magnetic anomalies and topography, as the mountain cone of southern
Aspromonte shows no significant associated anomaly, while magnetic residual maximum is found in corre-
spondence of the SE mountain flanks. Themagnetic anomaly pattern was modeled by amagnetic layer rising
overall toward the SE and displaced in correspondence of both the Armo fault and the SE Aspromonte flank.
The modeled offset of the Armo fault is ~250m, and this explains why our 3-D inversion model with a 500m

Figure 6. The 2.75D forward magnetic models performed along two NW-SE profiles. (a) magnetic anomaly grid used for the modeling; (b and c) observed and mod-
eled magnetic anomalies along profiles 5 and 6 (top) and modeled magnetic layer geometry (bottom). The susceptibility of the magnetic layer is 5 × 10�3 SI. The
steps along the magnetic layer correspond to the main seismogenic faults (Armo and Cittanova) documented in southern Calabria. Abbreviations: CF = Cittanova
fault, ARF = Armo fault, and SW-CF = SW-Cittanova fault.
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vertical resolution was not able to resolve the offset of the Armo fault. A magnetic layer offset of 350m is
conversely modeled on the SE slope of the southern Aspromonte Massif, where no main fault has been
documented at the surface. We name the fault inferred by magnetic data as “SW-Cittanova fault,” as it lies
on the southern prolongation of the fault displacing the magnetic layer in profile 5 (Figure 6a) and
corresponding at the surface with the Cittanova fault (CF) and the rupture of de Dolomieu [1784].

The SW-Cittanova fault (SW-CF) bounds the magnetic corridor c3 (Figure 2d), it is well outlined by the Euler
deconvolution solutions (Figure 3) and runs along the deepest zone of modeling of the magnetic source
shown by 3-D inversion. Therefore, magnetic data and modeling suggest that the Cittanova fault, or at least
its portion at 1–2 km depth bsl, continues southwestward with a constant N20° trend overall the southern
Aspromonte Massif.

5. Discussion

Magnetic data inversion and modeling, along with available geological evidence allow us to depict the geo-
metry of the southern Calabria magnetic sources mapped by the airborne anomaly pattern of Figure 2d. We
find a buried magnetic layer with 1–1.5 km thickness and K~ 5× 10�3 SI located in the upper crust down to
3 km bsl, which we interpret as a more magnetic slice of the Calabria nappe stack. No magnetic sources
are modeled at the surface, consistently with the low susceptibility values measured on sedimentary and
igneous/metamorphic rocks exposed on Calabria (K~ 1-2 × 10�4 SI, [De Ritis et al., 2010; Macrì et al., 2014]).
Southern Calabria is characterized by a relatively low geothermal gradient of 20–25°C/km [Cataldi et al.,
1995], implying that the middle and lower crust are expected to be colder than the Curie temperature of
magnetite (~550–600°C at 20–30 km depth), being potential sources for high-intensity long-wavelength
magnetic anomalies [Shive et al., 1992]. Therefore, the lack of long-wavelength magnetic anomalies in a
low geothermal gradient region and the lack of magnetic sources below 3 km bsl could support tectonic
models postulating that the exposed Calabrian crystalline complex is stacked over Apenninic nonmagnetic
sediments [Amodio Morelli et al., 1976; Bonardi et al., 2001; Rossetti et al., 2001, 2004; Heymes et al., 2008],
and it proves that the typical lower crustal rocks do not occur in the Calabrian orogenic wedge.
Considering the hypothesized crustal setting of southern Calabria [Heymes et al., 2008] and the occurrence
of an ophiolitic nappe below Hercynian crystalline rocks in northern Calabria [Rossetti et al., 2001, 2004], it
is likely that the magnetic source documented by us is represented by an ophiolitic oceanic-derived unit.

The buried magnetic layer is dislocated by regional NE-SW oriented extensional faults that are arranged en
echelon along entire southern Calabria (Figure 7), consistently with previous suggestions [Tortorici et al.,
1995; Galli and Bosi, 2002; Catalano et al., 2008]. The occurrence of a NE-SW extensional fault system, running
along the axis of southern Calabria and responsible for the 1783 and 1908 earthquakes, is consistent with the
focal mechanisms recently derived from small to moderate size earthquakes occurring in the area [D’Amico
et al., 2010; Presti et al., 2013].

In two cases the magnetic-derived faults correspond well to the Armo (ARF) and Cittanova (CF) faults
(Figure 2d) that show clear Pliocene-Quaternary extensional activity and were considered by Aloisi et al.
[2013] and Jacques et al. [2001] to be the sources for the 1908 earthquake and the main shock of the 1783
sequence, respectively. Conversely, two other subparallel faults imaged by magnetic data and modeling
do not correspond to already known tectonic features, lacking a clear topographic expression. First, a fault
here called “Armo fault splay,” located few kilometers south of the Armo fault, entering for ~15 km in the
Messina Straits and, second, the SW prolongation of the Cittanova fault, here called “SW-Cittanova fault,”
cutting the southern Aspromonte Massif (Figure 6).

The Armo fault splay has been inferred only by magnetic data as it corresponds to the magnetic corridor c2,
and is rather well defined by Euler deconvolution solution (Figures 3 and 7). The fault was never documented
before in the field, probably because the SW Calabrian coast is made by Pliocene-Holocene marine clastics
and is densely inhabited so that the field expression of such a fault could have been masked by loose
substrate occurrence and intense urbanization. We admit that the Armo fault splay is the less defined among
our magnetic lineaments and that further work is needed to assess whether this fault effectively exists.

On the other hand, we speculate that the occurrence of the SW-Cittanova fault, well highlighted by 3-D and
forward models, has never been highlighted so far by other investigations because both its footwall and
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hanging wall are made by crystalline rocks located in the wild and densely vegetated Aspromonte National
Park. Moreover, the observed magnetic lineament corresponds to the valley of Amendolea river, and it has
been suggested that the river network, dissecting the Aspromonte Massif, is mostly controlled by tectonics
[Calcaterra and Parise, 2010].

A typical magnetic feature of these extensional faults occurrence is the higher magnetic anomaly intensity along
uplifted footwalls (Figure 7). However, the low magnitude of anomaly steps (between 1 and 7nT, Figure 6)
observed across the Armo, Armo splay, Cittanova, and SW Cittanova faults, confirms that high-resolution
low-altitude aeromagnetic surveys are crucial to detect crustal discontinuities in areas characterized by
low-susceptibility rocks. In fact, such faults are apparent neither in previous aeromagnetic maps gathered
at lower resolution [Caratori Tontini et al., 2004; Figure 2a] nor in magnetic anomaly maps obtained from
ground measurements [Chiappini et al., 2000; Figure 2b].

Magnetic anomaly data andmodeling shed new light on the controversy about the location and geometry of
the causative faults of the 1783 and 1908 earthquakes. We are well aware that magnetic lineament
occurrence due to deep basement displacement does not imply necessarily seismogenic fault occurrence
but could be related to old and inactive lithological contacts related to Apenninic (or older) tectonics.
However, the clear coincidence of the main magnetic lineaments apparent in the magnetic residuals map

Figure 7. Map of the main seismogenic faults inferred by high-resolution aeromagnetic anomaly data modeling and inter-
pretation in southern Calabria and main shocks related to each fault segment after Schick [1977] and Jacques et al. [2001].
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(Figure 2d) with some of the faults considered as sources of the 1908 and 1783 seismic events gives significant
support to our seismotectonic interpretation of the aeromagnetic anomaly pattern.

Taking into account the magnetic anomaly map (Figure 2d) and the Euler deconvolution solutions (Figure 3),
we interpret the Cittanova fault and its SW prolongation as a unique 40 km long structure (Cittanova-
Aspromonte fault, Figure 7) at least at depth. We remark that the Cittanova-Aspromonte fault partially crosses
the no data area (Figure 2) and this may represent the weak point of our interpretation. However, the faults
located north and south of the gap (Cittanova and SW-Cittanova faults, respectively) shear the same orienta-
tion and can be ideally connected by maintaining the same tectonic trend across the no data area, so that it
seems reasonable to consider them as a unique feature. It must be noted that several authors recognize the
prolongation to the SW of the Cittanova fault toward the Armo fault [Catalano et al., 2008]. Differently, mag-
netic data clearly define the geometrical setting of the Cittanova-Aspromonte fault, confirming the occur-
rence at depth of a NW dipping extensional fault located at the foothills of the Aspromonte Massif that
according to paleoseismological, seismic reflection, and field geological data, was responsible of the 5
February main shock of the 1783 sequence [Jacques et al., 2001; Galli and Bosi, 2002; Catalano et al., 2008].
Moreover, the magnetic anomaly intensity gradually decreases moving from the Tyrrhenian coast to the
Gioia Tauro plain (Figure 2d), testifying the progressive deepening of the buried magnetic layer
(Figure 6b). Thus, we find no evidence for the occurrence of a low-angle SE dipping fault below the Gioia
Tauro basin that would have been responsible for the 1783 main shock according to Valensise et al. [1993]
and Valensise and D’Addezio [1994]. Magnetic anomaly maps show no clear evidence of the S. Eufemia
(SEF) and Scilla (SF) faults (Figures 1 and 2d), which according to Jacques et al. [2001] contributed to the 5
and 6 February 1783 shocks, respectively. However, it must be acknowledged that both faults occur in the
highly inhabited Tyrrhenian coastal zone, where iron-rich man-made artifacts (in particular railways) may
have masked the natural magnetic fingerprint.

Observing the anomaly map of Figure 2d, it is unclear whether at depth the Cittanova-Aspromonte fault
stops or continues northeastward joining the Serre fault at the northern margin of the investigated area.
At surface level, the two faults show a clear en echelon pattern pointed out by the topography and geological
offset [Catalano et al., 2008]. Thus, we suggest that the concave shape at the surface of the Cittanova (CF) and
Serre (SRF) faults (Figure 1) is the shallow expression of a unique rectilinear fault at depth, displacing the
magnetic layer at 1–3 km bsl. Therefore, we define a minimum and a maximum length of 40 and 80 km
respectively for the Cittanova-Aspromonte-Serre fault system (Figure 7). The minimum fault length of
40 km is compatible with the estimated magnitude M~ 7 of the 5 February 1783 shock [Jacques et al.,
2001], considering the relationships between magnitude and subsurface rupture length provided by Wells
and Coppersmith [1994]. Although Jacques et al. [2001] suggested that the 5 February shock was due to
the rupture of the Cittanova and the S. Eufemia faults, of which there is no evidence in the magnetic data
set, we speculate that the earthquake of 5 February 1783 was instead due to the rupture of the 40 km long
Cittanova-Aspromonte fault (Figure 7). We remark that the SW Cittanova fault runs in a wild Aspromonte
sector that is and was nearly uninhabited in 1783 [Jacques et al., 2001], thus justifying the lack of accounts
of destroyed villages and casualties. On the other hand, the assumption that the Cittanova-Aspromonte-Serre fault
is a unique structure with an overall 80 km length could imply that the southern fault segment ruptured on 5
February, while the northern segment was responsible for the 7 February shock (a further fault responsible of
the 1 March shock, according to Jacques et al. [2001], is north of the survey area). It is well known that faults
rupturing diachronously along each segment may also fail during one single event [as it has been the case for
the 2011Mw9.0 Tohoku-Oki seism, e.g.Ozawa et al., 2011], and in such scenario aM~7.3 eventwould be expected
from the rupture of the entire 80km long Cittanova-Aspromonte-Serre fault [Wells and Coppersmith, 1994].

The 700mmagnetic layer offset modeled below the Cittanova fault (CF, Figure 6b) coincides with the height
of the morphological scarp observed at Molochio and Cittanova [Tortorici et al., 1995], implying that total
geological offset measured at the surface is fully consistent with modeled magnetic layer offset at depth.
Further south the offset modeled along the SW-Cittanova fault decreases to 350m (SW-CF, Figure 6c),
consistently with a location closer to the fault tip. This is the only offset value available for the SW-Cittanova fault,
whose possible surface expression occurs within the crystalline rocks, where geological displacements are hard
to determine. It is also possible that the high erosion rate [Cyr et al., 2014], playing a primary role in shaping the
Aspromonte landscape due to the high degree of weathering [Calcaterra and Parise, 2010] and the high uplift rate
[Faccenna et al., 2011] may have deleted evidence or recent earthquake scarps. Further geological investigation
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in the Aspromonte massif is needed to verify whether the magnetically retrieved SW-Cittanova fault has in fact a
surface expression or the fault displacing the magnetic layer at 2–3km depth is effectively blind.

Concerning the source of the 1908 event, magnetic data (Figure 2d) and Euler deconvolution solutions
(Figure 3) provide a 25 km long magnetic lineament that coincides with the Armo fault, main source of the
1908 earthquake according to Aloisi et al. [2013, 2014]. Furthermore, magnetic data highlight, although less
clearly, a previously unrecognized 20 km long subparallel fault segment, the Armo fault splay. The Armo and
Armo splay faults yield an overall length of ~40 km that is consistent with the M~7 of the 1908 event. Our
data suggest an alternative explanation to that given by Aloisi et al. [2013] to the coseismic subsidence docu-
mented by Loperfido [1909] between Capo Pellaro and Capo dell’Armi. Indeed, Aloisi et al. [2013] justified the
coastline subsidence north of Capo dell’Armi, which cannot be explained with the activity of the Armo fault
alone, with the contemporaneous activity of the Motta San Giovanni fault (MSGF; Figure 1). Yet this fault is at
45° to the Armo fault, and has no magnetic fingerprint (Figure 2d). The Armo splay fault intersects the coast-
line at about halfway between Capo Pellaro and Capo dell’Armi, and again, this would be inconsistent with
leveling data by Loperfido [1909]. However, Aloisi et al. [2014], quoting conclusions already reached by De
Stefani [1910], stressed that many of leveling benchmarks in Loperfido [1909] were built on unconsolidated
coastal deposits, warning about the risk to use all leveling data to draw geological conclusions. Therefore,
we infer that the limited subsidence (≤15 cm) of the benchmarks located south of the Armo splay fault can
be explained with local sediment compaction/liquefaction and landslides. No estimates exist on the total
geological offset of the Armo fault; thus, magnetics can give unprecedented information on fault displace-
ment. The fault corresponds to a step of magnetic anomaly values of ~2 nT (Figures 2d and 6c) that should
be produced by a< 500m magnetic layer offset, according to inversion model resolution (Figures 5a–5d).
The 250m offset provided by forward modeling (Figure 6c), according to the chosen constraints, translates
into a ~0.5Ma fault age, when the 0.45mm/yr slip rate calculated by Aloisi et al. [2013] for the last 125 ka is
considered. Therefore, we conclude that the Armo fault is a relatively recent tectonic feature of Calabria,
consistently with the middle Pleistocene age estimated geologically [Ghisetti, 1984, 1992].

Magnetic data do not highlight tectonic features in the Messina Straits and show no evidence for the low-
angle SE dipping normal fault that has been mostly favored as source of the 1908 event (Figure 1)
[Capuano et al., 1988; Boschi et al., 1989; De Natale and Pingue, 1991; Valensise and Pantosti, 1992; Amoruso
et al., 2002; Valensise et al., 2008; Argnani et al., 2009; DISS Working Group, 2010; De Natale and Pino, 2014].
However, it must be acknowledged that the systematic negative magnetic anomaly pattern of the Messina
Straits (Figure 2d), could imply the lack of the magnetic layer (possibly represented by ophiolites) buried
below southern Calabria, whose offset revealed the occurrence of regional-scale faults. Therefore, the
occurrence of a low-angle SE dipping normal fault beneath the Messina Straits can barely be tested by our
magnetic data set.

6. Conclusions

A high-resolution low-altitude aeromagnetic survey showed in southern Calabria magnetic anomalies of low
intensity (5–10 nT) interrupted by three NE-SW magnetic corridors where anomalies are null to slightly
negative. Conversely, systematic negative anomalies down to –30 nT characterize the Messina Straits. The
magnetic fingerprint of southern Calabria can be ascribed to a buried 1–1.5 km thick “magnetic layer” located
above 3 km bsl, with K~5× 10�3 SI, which we interpret as an ophiolitic nappe lying below the nonmagnetic
crystalline and sedimentary rocks exposed in southern Calabria. Themagnetic layer is displaced by a set of en
echelon NE-SW (NW dipping) normal faults well returned by the magnetic modeling and corresponding to
the faults considered as sources of theM~ 7 main shock of the 1783 seismic sequence and 1908 earthquake.

Wemagnetically document a 40 km long “Cittanova-Aspromonte” fault, partly matching the Cittanova fault
and southward unexpectedly entering within the southern Aspromonte Massif, which we interpret as the
source of the 5 February main shock of the 1783 seismic sequence. Magnetic data indicate also that
the Cittanova-Aspromonte fault could be possibly traced northeastward for further 40 km, connecting to
the Serre fault, responsible of the 7 February shock of the 1783 seismic sequence. These data suggest that
a possibleM~ 7.3 earthquake would be generated by a simultaneous failure along the entire fault length.

In the SW corner of southern Calabria magnetic data highlight a magnetic lineament coincident with the
Armo fault, recently inferred to represent the source of the 1908 event. A previously unknown subparallel
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fault located few kilometers to the south, although less magnetically defined than the Armo and Cittanova
faults, is interpreted as a splay of the Armo fault, branching it at depth. The Armo and Armo splay faults yield
an overall fault length of ~40 km that is consistent with the M~ 7 of the 1908 earthquake.

Our work confirms that an high-resolution low-altitude aeromagnetic survey represents a valid tool to
identify and characterize the structural pattern of the upper crust and that in highly seismogenic areas the
employment of this investigations can significantly contribute to seismotectonic and hazard assessment.
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