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Abstract: Seismic data of earthquakes recorded 
during the last 40 years in southern Calabria have 
been compared with geological data in order to 
obtain a seismotectonic picture of the area. We 
sought for any possible correlation between the 
main regional tectonic structures, the distribution 
of earthquake hypocentres and the focal 
mechanism of earthquakes with magnitude (Ml)≥3. 
Studies of historical and recent seismicity and 
analysis of geological structures allowed to define 
the main shear strips on a regional scale. More than 
2600 earthquakes with 1.5 ≤ Ml ≤ 4.5 have been 
considered. The focal mechanisms of earthquakes 
with Ml≥3 have been compared with the kinematics 
of known faults and used to give insight on the 
current active stress field. From the analysis carried 
out it was possible to expand the cognitive 
framework regarding the activity of the main 
tectonic structures present in the area. This study 
also served to identify areas of high seismicity 
which do not correspond to any evidence of 
tectonic structures on the surface, and areas where 

recognized tectonic structures have not shown any 
seismicity during the last decades. These cases 
could be the subject of future investigation in order 
to correctly assess the seismic hazard in Calabria. 
This task is important in the context of seismic 
hazard evaluation and mitigation.  

 
Keywords: Calabria; Seismicity; Tectonics; 
Earthquakes 

1    Introduction  

The Calabrian Terrane are a narrow and arcuate 
subduction – rollback system, related to the Africa/ 
Eurasia plate convergence and to the southeastward 
retreat of the Tethyan slab (Malinverno and Ryan 
1986; Faccenna et al. 2004; Rosenbaum and Lister 
2004; Billi et al. 2011; Carminati et al. 2012; Polonia 
et al. 2016). This convergence and slab rollback 
dynamics generated a 300 km wide subduction 
system in the Tyrrhenian/Calabrian region. The 
subduction of the Ionian slab occurs from E-SE 
towards W-NW (Critelli 1999; Bonardi et al. 2001; 
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Faccenna et al. 2001a; Minelli and Faccenna 2010; 
Critelli et al. 2017) and with the migration towards SE 
of the Calabrian Terrane. Because of this, Southern 
Calabria is a region characterized by a complex 
geological dynamics with the presence of a back-arc 
basin in the western portion, a forearc basin in the 
east side and a mountain range in the central part. 
The migration towards SE of the Calabrian Terrane 
was driven by strike slip and oblique slip fault systems. 
These fault systems produced the segmentation of the 
subduction system over time, until the current 
structural configuration, with the formation of Plio-
Pleistocene sedimentary basins placed longitudinally 
and transversely to the chain (Ghisetti 1979; Ghisetti 
and Vezzani 1981; Monaco et al. 1996; Van Dijk et al. 
2000; Tansi et al. 2007, 2016; Brutto et al. 2016, 2018; 
Tripodi et al. 2013, 2018, Critelli et al. 2016a, b, c). 
Several authors identify a partial or total detachment 
of the Ionian slab (Wortel and Spakman 1992), 
starting from the middle Pleistocene which induces a 
general uplift at rates from 0.5 to 1.2 mm/year in 1-
0.7 million of years (Monaco et al. 1996; Wortel and 
Spakman 2000; Dumas and Raffy 2004).  

This latest tectonic phase has carried to the 
formation of the current morphological and structural 
domains and the separation of the western and the 
eastern area in consequence of the exposition of the 
metamorphic belt and its cover. This tectonic phase is 
still ongoing and is producing a new generation of 
faults with mainly dip slip kinematics, overprinting 
the old fault systems (Del Ben et al. 2008; Ferranti et 
al. 2008; Galli and Bosi 2002; Guerra et al. 2006; 
Monaco and Tortorici 2000; Raffaele et al. 2006; 
Tripodi et al. 2013, 2018). 

The first historical information on the seismicity 
of Calabria dates back to the first century BC when the 
Greek geographer Strabo reported an earthquake that 
caused great damage at Reggio Calabria settlement in 
91 BC (Boschi et al. 1995). Reliable information about 
the effects produced by strong earthquakes is 
available starting from the 16th AD. In the past 
centuries, southern Calabria has been affected by 
many catastrophic seismic events, with five 
earthquakes of Imax = XI degree MCS occurred in 
1783 (three events), 1905 and 1908. The earthquakes 
that affected central-southern Calabria in 1783 with 
three events of Imax = XI MCS is the most destructive 
seismic sequence occurred in Italy in historical time.  
For this reason, southern Calabria is considered 
among the highest seismic hazard areas of the 

Mediterranean basin.   
After 1908 the seismicity has been widely 

scattered throughout the region, but without strong 
earthquakes comparable with the destructive events 
occurred during the previous centuries. A catalogue of 
instrumental seismicity for the region is available 
starting from 1981 (https://data.ingv.it/dataset/53# 
additional-metadata, Castello et al. 2006). However, 
only during the last decade the number of seismic 
stations in the area increased enough to ensure 
detection and reliable location of local earthquakes as 
small as Ml=1.5 (http://terremoti.ingv.it/). 
Earthquakes in southern Calabria are irregularly 
distributed both on land and offshore, with a broad 
depth distribution in the west sector due to the 
subduction towards NW of the Ionian crust beneath 
the Calabria Terrane. Until now the Calabrian 
territory has been the seat of numerous studies 
concerning seismicity and active faults. These studies 
are on a regional scale, and concern the main active 
tectonic structures, emerging on the surface, known 
in scientific literature and catalogued in the main 
databases or deep seismic phenomena linked with the 
slab subduction. However, the current knowledge of 
the geodynamics and seismotectonic context of the 
Calabrian Terrane still has room for improvement. 
The purpose of our study was to improve the current 
knowledge, by investigating the relationships between 
the historical and instrumental seismicity and the 
main and secondary tectonic structures within the 
territory of Southern Calabria. In this study we define 
the possible presence of blind but seismically active 
tectonic structures, which can in any case produce 
surface deformation and site seismic effects. For the 
latter, it will be important in the future to ascertain 
their presence and define the geometric and 
kinematic characteristics. 

2    Geological Setting 

The study area is the southern sector of the 
Calabrian Terrane, from the Catanzaro Through to the 
southern tip of Calabria (Figs. 1, 2). The area is a 
mountain range consisting of two crystalline massifs 
in contact: the Serre Massif, to the north, and the 
Aspromonte Massif, to the south (Fig. 1b, Fig. 2). The 
southern sector of the Calabrian Terrane is also 
characterized by active tectonic structures that 
strongly control its Late-Quaternary geodynamic 
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evolution, influencing the current morphology and 
tectonics of the area (Ghisetti 1979; Monaco and 
Tortorici 2000; Loreto et al. 2017; Pirrotta et al. 2016, 
2021) and producing seismic activity.  

The geology of southern Calabria records the 
coeval processes of opening up of the Mesima-Gioia 
Tauro tectonic depressions and the Messina Strait. 
These tectonic processes are linked with the deep cut 
deformation of the Ionian slab and the concomitant 
regional uplift (Moretti and Guerra 1997; Monaco and 
Tortorici 2000). The most important tectonic 
structures can be grouped in two main structural 
systems, the NNE–SSW and WNW–ESE striking fault 
systems (Fig. 3). The NNE-SSW trending fault system, 
associated with this opening process of the 
Pleistocene basins, is characterized by high-angle 
faults mainly plunging towards the Tyrrhenian Sea, 
the most of them with normal kinematics (Galli and 
Bosi 2002). In the Ionian offshore, this system is 
associated with eastern vergent faults, characterized 
by reverse kinematics. 

The other active fault system, WNW-ESE striking 
(Fig. 3), is currently characterized by prevalent 
normal kinematics. However, in the past these faults 
have been active mostly with strike slip kinematics, 
and they contributed to the Neogenic evolution of the 
entire area during the migration of the Calabria 
Terrane towards the SE, until the collocation in the 
current position (Tripodi et al. 2013, 2018; DISS 
Working Group 2015; Apollaro et al. 2019; ITHACA 
Working Group 2019). This fault system is 

characterized by high-angle faults plunging towards 
NNE and SSW (Fig. 3). They display the Calabrian 
Terrane from west to east and their prolongation can 
be followed in the Tyrrhenian and Ionian offshore 
areas.  

3    Data and Methods 

In order to depict the present-day crustal stress 
in the Calabria Terrane and the correlations between 
seismicity and tectonic structures, different kinds of 
data and approaches have been used.  

Historical sources (Fig. 4) and recent 
instrumental seismicity (Fig. 5) have been analysed. 
Earthquakes occurred during the last few decades 
were recorded by an increasing number of seismic 
stations managed by University of Calabria 
(www.sismocal.org) and by Istituto Nazionale di 
Geofisica e Vulcanologia (www.ingv.it). 

Only 2655 earthquakes located within 15 km 
from the coast (Fig. 5) were considered in the present 
study. We considered a maximum distance from the 
coast because earthquakes located offshore but near 
the coast can still be correlated with tectonic 
structures recognized onland. 

The focal mechanism of more than 20 
earthquakes occurred during the last decades in the 
investigated area were also computed. We used the 
software CAP (Zhao and Helmberger 1994; Zhu and 
Helmberger 1996; Tan et al. 2006; D’Amico et al. 

Fig. 1 (a) Location of the study area in the frame of Mediterranean; (b) Major fault zones and crustal blocks of 
Southern Calabrian Arc; c) Geological framework of the Calabrian Arc (modified after Van Dijk et al. 2000; Tansi et al. 
2007; Muto et al. 2014; Tripodi et al. 2018). 
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2011), based on the comparison between observed 
and synthetic seismograms, and the software 
FOCMEC (Snoke et al. 1984; Snoke 1989), based on 
the polarity of direct waves. Focal mechanisms from 
online databases (Vannucci and Gasperini 2004; 
Pondrelli and Salimbeni 2006; Scognamiglio et al. 
2006), and from published papers (Frepoli and 
Amato 2000; Li et al. 2007; D'Amico et al. 2010, 2011; 
Presti et al. 2013; Neri et al. 2011; D'Alessandro et al. 
2013; Orecchio et al. 2014; Polonia et al. 2016; Totaro 
et al. 2016) were also collected. 

Seismic results were interpreted and correlated to 
the main tectonic structures by means of geological 
analysis. Field geological surveys and analysis of 
aerial photos at various scales and interpretation of 
satellite images were carried out, as well as the 
processing and interpretation of digital terrain models. 
The geological analysis was carried out by using 
unpublished surface data and interpretation of onland 
and offshore seismic profiles. Moreover, the 
geological and structural data presented in this work 
are discussed in light of literature papers (Tripodi et 

 
Fig. 2 Schematic geological map of southern Calabria (modified from Tripodi et al. 2018). 
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al. 2013, 2018; Apollaro et al. 2019) and of three 
geological maps of the CARG ISPRA project (Sheets 
Bovalino, Melito di Porto Salvo and Taurianova, in 
scale 1:50.000), of the new Geological Map of Italy 
(Critelli et al. 2016, a, b, c). Structural and geological 
data have been integrated with the interpretation of 
three ViDEPI seismic profiles (Lines: RC-302-78, RC-
306-78, and F76_74D_01_02, identified in Fig. 3 as 
SL1, SL2 and SL3, respectively), that, despite the low 
quality of images allowed us to understand the 
geometry and architecture of the intercepted tectonic 
structures. 

4    Results  

In the past centuries, southern Calabria has been 
affected by many catastrophic seismic events. In Fig. 
4, the historical earthquakes occurred in southern 
Calabria during the past 1000 years are highlighted. 

At present, 18 seismic stations are operating in 
the area of our study. Fig. 5 shows the location of 
earthquakes recorded from 1981 to 2022, 
characterized by magnitude (Ml) >1.5 and depth < 40 
km. The strongest recorded earthquake in the area 
since 1981 is a Ml=4.5 event located in the Ionian Sea, 
south of Messina strait. The distribution of the 
epicentres is not uniform, showing some areas more 
active than others. It is also noteworthy the number of 
epicentres located offshore, generally quite scattered 
but with some evident clusters.  Among these, 803 

 
Fig. 3 Location of wells (Loretta 001 and Loredana 001), seismic lines (SL1,SL2,SL3) and main geological structures: 
ARF (Reggio Calabria Fault), SF (Serre Fault), SBF (Stilo Bovalino Fault system),BBFZ (Bovalino Bagnara Fault zone), 
BPF (Brancaleone Palizzi Fault), CF (Cittanova Fault), LAF (Lazzaro Africo Fault),LRF (Lazzaro Roccaforte Fault), 
NGFZ (Nicotera Gioiosa Fault Zone), PGF (Palmi – Gioia Tauro Fault), PLFZ (Palmi Locri Fault Zone), SBF (Stilo 
Bovalino Fault), SCF (Scilla Fault), SLF (S. Cristina-Laureana di Borrello Fault), RCF (Reggio Calabria Fault). 
Modified from Tripodi et al. 2018, DISS Working Group 2015; ITHACA (ITaly HAzard from CApable faulting). 
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events have depth in the range 0 - 10 km, 1289 in the 
range 10 - 20 km, 346 in the range 20 - 30 km, and 
217 in the range 30 - 40 km. The maps in Fig. 6a (0 - 
10 km) and Fig. 6b (10 - 20 km) show spots of high 
density of epicentres irregularly distributed in the 
investigated area, both on-land and offshore. The 
most of such clusters are located in areas already 
affected in the past centuries by strong earthquakes, 
such as the Mesima Graben, the Serre area, the 
western slope of Aspromonte and the Messina Strait 
(Fig. 5). Many of these places host important well 
known seismogenic geological structures (Serre Fault 
and others synthetic and antythetic tectonic 
structures in the Mesima Graben, Nicotera – Gioiosa 
Ionica fault, Cittanova fault, tectonic structures in the 
Messina Strait, in Fig. 3). For most of these structures, 
alignments of epicentres are evident in Figs. 5, 6. 
Some clusters and alignments of many epicentres are 
located offshore, both in the Gioia Tauro Gulf 
(Tyrrhenian Sea) and in the Ionian Sea. These 
tectonic structures are arranged in correspondence 
with the offshore prolongation of the tectonic 
structures recognized on land.  

An interesting feature of the hypocentre 
distribution is that many clusters and alignment of 
sources are seen at almost the same position in 
different depth ranges. For example, sources along 
the Nicotera-Gioiosa NW-SE line are abundant from 
shallow depth down to the 20-30 km layer. The same 
feature holds for earthquakes that occur in the 
Mesima Graben, which are characterized by a vertical 
distribution with a lot of sources in the first three 
layers shown in Fig. 6. The seismicity of Aspromonte 
sector is mostly confined to the upper crust (depth 
smaller than 20 km, Fig. 6b), while clusters of sources 
in the Ionian Sea (offshore Locri) and Tyrrhenian sea 
(Gioia Tauro Gulf) have the most common depth 
between 10 km and 30 km. On the other hand, the 
hypocentre distribution from 30 to 40 km is very 
different from that of shallower events, with a cluster 
located in the north-east of the Serre Massif, one at 
the southern tip of Calabria, and another in the Gioia 
Tauro Gulf.  

The timing of recent seismicity is characterized 
by a quite regular occurrence for earthquakes of 
magnitude Ml>3. On the contrary, micro earthquakes 
often occur as swarms located in small volumes where 
tens to hundreds of earthquakes, the most of which of 
magnitude Ml<2.5, are recorded during some weeks 
to a few months. The last of such swarms occurred 

during June and July 2019 in the Mesima Graben, 
where more than 150 earthquakes of magnitude in the 
range 1.3 < Ml < 3.4 were located at depth between 15 
km and 20 km, and in November 2020 near the 
village of Santo Stefano in Aspromonte, where more 
than 50 events of magnitude up to 2.9 occurred in a 

week. 
Assuming a magnitude threshold of Ml=3, we 

obtained a catalogue of 54 fault plane solutions 
occurred in the period 1988 - 2022. Mechanisms are 
shown by beachballs in Fig. 7, divided in the same 
four depth ranges used to show the epicentres in Fig. 

 
Fig. 4 Historical earthquakes occurred in southern Calabria 
during the past 1000 years. The number inside the red circle 
refers to the year of earthquake occurrence. 
 

 
Fig. 5 Seismicity of southern Calabria from 1981 to 
2022. Symbol size is proportional to magnitude. 
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6. The most common kinematics of onland 
earthquakes is of normal type, in agreement with the 
crustal extension dynamics. A few strike slip solutions 
are observed along the coast of Tyrrhenian Sea (Gioia 
Tauro Gulf) and near the southern tip of Calabria. The 
earthquakes characterized by reverse kinematics are 
very few.  

5    Discussion and Interpretation  

The geological field and images investigations 
were carried out at the detailed scale in most of the 
study area, but since the investigated territory is very 
large, the representation scale does not allow 
reporting all the obtained information. As a result, 
only the main tectonic structures considered as active 
and capable faults and the most important geological 
features have been reported in Fig.2. 

The present-day tectonic framework of Calabria 

region includes two principal fault 
systems. The first one is composed 
by NNE-SSW oriented faults, 
longitudinal to the axis of the chain, 
mainly plunging towards the 
Tyrrhenian quadrants, at a high 
angle of inclination with 
predominantly normal kinematics. 
The evolution of this fault system 
started from the Pleistocene 
following the uplift of the whole 
Calabrian sector, leading to the 
formation of elongated basins 
along the axis of the chain. These 
structures are believed to be 
responsible for the main historical 
earthquakes that occurred in the 
southern sector of Calabria (Galli 
and Bosi 2002; Galli and Peronace 
2015). Among these structures, the 
most important are the Serre Fault 
and Cittanova Fault (SF and CF in 
Fig. 2, respectively), associated 
with the destructive seismic events 
of 1783, and those present in the 
Strait of Messina which produced 
the destructive earthquake of 1908 
(Fig. 4).  

The second type of fault 
system that characterizes the 

southern sector of Calabria consists of shear zones 
cutting transversely the chain, approximately WNW-
ESE striking, characterized by high angle with 
predominantly normal and normal transcurrent 
kinematics. The WNW-ESE tectonic structures 
originated during the migration to SE of the Calabrian 
Chain, until the actual position, partly maintain their 
original kinematics and record an extensional 
kinematics derived from the uplift of the Calabrian 
Chain.  

The seismic lines SL1 and SL2 (Figs. 8 a,b) are 
located in the Gioia Tauro plain, they are NW-SE 
oriented and perpendicular to the NE striking fault 
systems. The interpretation of the SL1 and SL2 
seismic lines highlights the fault systems that 
characterize a portion of the Tyrrhenian side of the 
study area, where NE striking high angle normal 
faults west dipping predominant, and subordinately 
east dipping, are present.  

The seismic profile SL3, located in the offshore of 

Fig. 6 Epicentres of instrumental seismicity (1981-2021) shown for four 
depth ranges. Symbol size is proportional to magnitude (Ml). Empty circle 
refers to earthquake with Ml<3. Orange colour shows earthquakes with 
3≤Ml<4, while red represents Ml≥4.  
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the Ionian coast, was calibrated 
with two Agip wells, Loredana 001 
and Loretta 001 (Fig. 3), located 
respectively at 2.6 km in the 
offshore of the Africo Nuovo village 
and at 4.5 km on the NE of the 
Bovalino village. The 
interpretations of SL3 (Fig. 8c), 
oriented NE-SW and parallel to the 
coast, shows NW striking and 
north dipping faults offsetting the 
Neogene-Quaternary sedimentary 
succession with normal and strike 
slip kinematics. These faults 
correspond to the onland Bovalino-
Bagnara Fault Zone (BBFZ in Fig. 
2). Del Ben et al. (2008) recognized 
in offshore the same system of 
faults. 

The wide depth distribution of 
hypocentres is in good agreement 
with the complex crustal structure, 
characterized by the Calabrian 
Terrane crust sitting upon the 
Ionian crust which subduces 
beneath Tyrrhenian sea. The 
scattered distribution of epicentres 
suggests a non-uniform active 
stress field likely associated with 
the presence of highly fractured 
seismogenic volumes. The earthquake kinematics and 
their depth indicate that in the upper crust the active 
stress field is extensional (Fig. 7a and 7b). This 
finding agrees with all geological features observed in 
the area. At depth between 20 km and 30 km (Fig. 7c) 
focal mechanisms show a mix of solutions with 
predominance of normal kinematics but also strike 
slip motion, suggesting a complex stress field with 
both extensional and transcurrent components.  

 At depth higher than a few km, it is difficult 
or impossible to associate a small earthquake with a 
possible deep extension of geological structures 
recognized at surface, but important clues about the 
possible seismogenic faults can be obtained from the 
3D distribution of a high number of hypocentres. The 
wide distribution in depth of hypocentres (highlighted 
in many depth layers of Fig. 5) indicate that the 
seismogenic volumes that have been more active 
during the last decades are characterized by high 
angle and reach depth greater than 20 km, in some 

cases (Fig. 6). This is in good agreement with some 
known faults in the upper crust and it is consistent 
with the important role that such tectonic structures 
have had in the geodynamic evolution of the crust in 
the study area. It is also noteworthy the occurrence of 
an earthquake cluster at depth greater than 20 km in 
the northern sector of the study area (Fig. 6c, 6d) in 
the Serre Massif, without any events in the upper 
crust in the same area.  

The most common kinematics among the 
available focal mechanisms is normal (31 of 55), while 
we have found only one reverse solution. This is 
consistent with the extensional tectonic regime that 
characterize the upper crust of the Calabrian Arc. On 
the other hand, only a few earthquakes have 
transcurrent kinematics, and only two of them are 
located onland. Regarding the interpretation of focal 
mechanisms, it is important to be aware that analysed 
earthquakes are quite small (Ml<4.5), therefore the 
most of them are likely produced by secondary faults 

Fig. 7 Focal mechanisms of recent earthquakes shown for four depth ranges. 
The predominant kinematics is shown by colour, with red for normal, blue for 
reverse, orange for transcurrent and cyan for other solutions (dip slip, 
transtensive, transpressive). 
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rather than by the main tectonic structures. In such a 
case, the earthquake rupture kinematics is 
constrained by the fault direction and the 
corresponding P and T axes may not be coincident 
with the present active stress field. Computing the 
focal mechanisms of earthquakes with Ml<3 is a 
challenging task when a small number of recordings 
are available and, in any cases, when the epicentre is 
outside the seismic network. For these reasons, 
reliable focal mechanisms have been obtained for very 
few earthquakes located offshore, far from the coast.  

The joint representation of known faults, 
epicentre distribution and focal mechanisms, display 
an interesting but non-uniform scenario. The 
distribution of instrumental seismicity recorded from 
1981 to 2022 highlights the highest density of 
epicentres in good correspondence with the main 
regional tectonic structures that are oriented NNE-
SSW and WNW-ESE (Fig. 9). In several cases we note 
a correspondence which is more than satisfactory (e.g. 
Mesima Faults, Nicotera-Gioiosa Fault System, 
Messina Strait faults, Cittanova Fault, Bovalino 
Bagnara Fault System), at least on the regional scale 
used in our analysis. In other cases, one of the two 
elements to be correlated is missing. For example, 
tectonic structures that can be correlated with the 

epicentres are not identified on the eastern edge of 
the Serre mountains. On the other hand, there are 
also known geological structures that have been 
completely aseismic during the last decades, like the 
Stilo Bovalino Fault System (Fig. 9). 

The focal mechanisms with normal kinematics 
are the most common, as shown in Fig. 7, and refer 
mainly to areas such as the Mesima Graben and the 
western side of the Aspromonte Massif. These areas 
are characterized by the presence of high angle NNE-
SSW oriented faults with predominant extensional 
kinematics that produce a strong morpho-structural 
imprint and characterize the entire eastern side of 
southern Calabria. From 20 km to 30 km of depth 
there is an increase of focal mechanisms that shows 
transcurrent kinematics, which are located in 
correspondence with the structures oriented 
transversely to the Calabrian chain. We could not 
obtain reliable focal mechanism for any earthquakes 
located on land at depth greater than 30 km. 

In order to interpret the spatial arrangement in 
depth of the instrumental seismicity, six sections were 
made, two parallel to the axis of the Calabrian Chain 
and therefore with a trend approximately NE-SW 
(Figs. 10 b, c), and four WNW-ESE sections, 
perpendicular to the previous ones (Figs. 10 d, e, f, g). 

  
Fig. 8 Interpreted seismic lines (SL); TWT(s) corresponds to Two-Way-Time in seconds. Dashed blue lines marks 
boundaries between lithological units. Red lines marks faults. For SL and well location, refer to Fig. 3, (mod. after 
Tripodi et al. 2018). 
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The chosen orientation of the sections aims at 
intercept transversally the main tectonic structures 
present in the studied area. Each section was created 
considering the hypocentres of instrumental 
earthquakes falling within well-defined areas, named 
Trx, progressing from one to six (Fig. 10).  

This allowed us to have a good representation of 
hypocentres in deep and to define the correlations 
between instrumental seismicity and tectonic 
structures. In these six sections, the depth scale is 
reduced by half compared to the horizontal scale to 
emphasize the geometry of the distribution of 
instrumental earthquakes in depth and make more 
intuitive the correlation with the main tectonic 
structures. 

In correspondence with the Tr1 (Fig. 10b), 

located in the Tyrrhenian sector, a concentration of 
seismic events is evident starting from NE in the first 
20-25 km of depth. This concentration of earthquakes 
corresponds to the intersection of the section with the 
NGFZ. This section shows the presence of several 
alignments plunging at a high angle towards the 
southern quadrants.  

The section corresponding to Tr2 (Fig. 10c) is 
parallel to the previous one but located in the Ionian 
sector. It confirms what emerges from the reading of 
Tr1 where, at the intersection between the section and 
the NGFZ, a high concentration of seismic events in 
the first 20-30 km of depth is observed, characterized 
by many hypocentres aligned along planes plunging  
at a high angle towards the southern quadrants. 
This distribution is in good agreement with the  

 
Fig. 9 Relationships between the main tectonic structures (red lines) and the distribution of the epicentres (green 
dots) of instrumental seismicity (1981-2022) and historical earthquakes during the past 1000 years (orange dots). The 
number inside the orange dot refers to the year of earthquake occurrence. 
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Fig. 10 Map of instrumental seismicity (1981-2022) of the southern Calabria (a) and relative crustal sections (b, c, d, 
e, f, g). The vertical scale of transepts corresponding to vertical sections is half of the horizontal scale. 
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geometry of the tectonic structure present in this area, 
as the distribution of the hypocentres within the blue 
parallelepiped allows to appreciate. Such a trend 
seems to continue approximately until the central 
portion of the section. Then, it varies with an 
organization of the hypocentres distributed in a 
specular pattern which can therefore be assimilated 
with a high angle tectonic structures but plunging 
towards the northern quadrants. In this sector, the 
section intercepts the BBFZ, which has produced 
fewer seismic events than the NGFZ during the last 
decades.  

The Tr3 crosses the entire Calabrian Chain in the 
northern portion of the study area (Fig. 10d). From 
this section it is evident an almost total absence of 
seismicity following the W-NW vertex, in particular 
up to a depth of 20 km, in the area corresponding to 
the horst of Vibo Valentia. Moving eastwards there is 
a very high concentration of hypocentres up to 20-25 
km depth. This cluster is composed by earthquakes 
associated with the FS which is believed to be 
responsible for one of the seismic events of 1783 (Fig. 
4). Also in this case, hypocentres match the 
aforementioned structure. In fact, it is possible to 
discriminate a distribution that highlights an 
immersion of the planes towards the western sectors. 
The remaining portion of the section, from the centre 
towards ESE, highlights the presence of a cluster of 
hypocentres to which no one known tectonic structure 
is associated at the surface. 

The section Tr4 is located not far from the 
southern sector of the Serre (Fig. 10e). In the portion 
near the W-NW vertex, there is a concentration of 
seismic events that highlights a clear distribution 
along high-angle planes plunging towards the western 
quadrants down to a depth of 20 km. In the 
remaining portion of the section, towards ESE, the CF 
is intercepted, which is responsible for one of the 
seismic events of 1783. Contrary to what one could 
expect, there is not a significant number of 
hypocentres to guarantee an appreciable correlation 
with known tectonic structures. An attempt to 
interpretation was done suggesting the probably 
existence of same structures identified previously in 
the section Tr3 that could bring to light the presence, 
in the Ionian sector, of structural planes, attributable 
to reactivated east vergent thrusts. 

The section Tr5 is located not far from the 
northern sector of Aspromonte (Fig. 10f). In the 
central portion of this section, there is a concentration 

of seismic events up to 30 km depth, which highlights 
a clear distribution along high-angle planes plunging 
towards the western quadrants. This section, 
intercepts the CF which would appear to be 
characterized by an articulated structural architecture. 
This structural arrangement affects the entire western 
slope of the ridge between the Serre and Aspromonte. 
In the easternmost portion of the section, there is not 
a significant number of earthquakes such as to 
guarantee a good index of correlation with tectonic 
structures, even if there is a trend of the hypocentres 
which would seem to confirm the presence of high 
angle faults plunging to east. 

The last section corresponding to Tr6 crosses the 
Aspromonte Massif from West to East (Fig. 10g). This 
section presents the maximum number of seismic 
events in the WNW portion, with the greatest 
concentration up to a depth of 20 km. This sector 
shows very high crustal seismicity, and it is possible to 
distinguish clusters of seismic events attributable to 
high-angle structures plunging towards the Messina 
Strait that disjoint the entire western slope of the 
Aspromonte. In correspondence of the central portion 
of the section, there are widespread seismic events. 
None tectonic structure in outcrop corresponds to 
these hypocentres. This finding can be ascribable to 
the presence of blinded structures, synthetic to those 
outcropping along the western side of Aspromonte 
Massif. In the ESE portion of the section, the 
concentration of the hypocentres can be related to the 
faults outcropping in the eastern side of the 
Aspromonte, in particular the LRF and LAF which 
present a good exposure in the field. 

The set of acquired data shows that the greatest 
number of recorded earthquakes are concentrated 
between 0 and 20 km in depth. These earthquakes 
derive from a predominantly extensional tectonic 
regime. In agreement with the numerous authors who 
have studied the geology of Calabria, we can connect 
the prevalent extensional tectonics to the rollback 
activity of the subducting slab which produces, in 
correspondence with the overlying crust, an 
extensional stress field (Neri et al. 2005; D'Agostino 
et al. 2011; Presti et al. 2013; Totaro et al 2016). From 
the data analysis, the presence of a strike slip 
kinematics was also observed, in particular in 
correspondence with the structures transversal to the 
chain. 

This strike-slip tectonics is due to the activity of 
the aforementioned tectonic structures which have 
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the function of reducing the stress produced inside 
the crust by the current convergence between the 
subducting slab and the Calabrian chain (Totaro et al. 
2016; Tripodi et al. 2013, 2018). The only reverse 
recorded kinematics (Fig. 7) is at the depth between 0 
and 10 km and could be linked to localized 
movements. 

Ultimately, in this geodynamic context, there is 
therefore a concomitance between seismic 
phenomena derived from an extensional stress field 
and seismic phenomena derived from a transcurrent 
stress regime. This combination is also observed in 
other geographical areas in which a collisional 
geodynamic regime is active, such as along the 
northern edge of the Calabrian chain (Calderoni et al. 
2021; Napolitano et al. 2021), in the Aegean area 
(Koukouvelas and Aydin 2002; Papadopoulos et al. 
2020) and in other subduction areas. 

6    Conclusions  

A multidisciplinary approach is essential for the 
study of active faults and seismicity in a geodynamically 
active area. In fact, a multidisciplinary approach 
allows to consider in a unified context the various 
elements that contribute to the identification of active 
and sometimes capable tectonic structures that 
generate earthquakes in on-land and off-shore areas. 
The approach used in this study is based on the joint 
analysis of all available information about historical 
and recent seismicity, and geological features of the 
investigated area. We tried to understand the 
goodness of the method applied within an area 
characterized by extremely complex geology and 
strong seismicity in the past centuries. Focusing on 
the main regional tectonic structures, a good 
correlation was found between them and recorded 
seismicity, both spatially, geometrically and in 
kinematic terms. Cases of mismatch in some areas do 
not compromise the conclusions of our work. In fact, 
the period of analysed instrumental seismicity is quite 
short (40 years) considering the low seismicity level 
that characterize the Calabrian Arc after the 1908 
Messina Strait earthquake. Moreover, the occurrence 
of earthquake sequences in places where no 
important faults are recognized from surface features 
suggests the presence of seismogenic sources at depth 
that may not be linked with shallower geological 
structures. Such cases require further investigation to 

be better understood.  
The Calabria is a region with a high seismic risk, 

site of the most significant earthquakes in the Italian 
and Mediterranean territory. As already happened for 
the strong earthquakes that occurred in historical 
times, in Calabria, in addition to seismic shaking 
phenomena, induced seismic phenomena such as 
surface faulting, landslides and soil liquefaction have 
occurred. 

The level of studies until now produced, 
concerning the active faults of southern Calabria, has 
focused on the large faults known in literature. Our 
study aims to deepen the detailed knowledge about 
the tectonic structures associated with the main faults, 
to implement the knowledge of the structures not yet 
considered in the literature as active faults and to 
investigate the parts of the territory in which the 
structures are not outcropping but there is active 
seismicity. 

The multidisciplinary approach used in our work 
can be applied to both regional and local scale in 
order to obtain a more detailed picture of the 
seismotectonic context. Recognizing and mapping 
active and capable tectonic structures, and estimating 
their seismogenic potential from the analysis of the 
current stress field, are very important tasks in the 
perspective of seismic risk reduction. This type of 
study, in an area such as southern Calabria, can be a 
starting point for detailing the cognitive framework 
inherent both to the active outcropping and buried 
faults in order to guarantee a detailed knowledge that 
can be used for territorial planning purposes of a 
territory with a high seismic risk. 

Such kind of knowledge would be an important 
support for the evaluation of seismic hazard and for  
the territory management plan. 
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