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S U M M A R Y 

Extensional faults in Southern Calabria (Italy) have been widely studied for their capability 

of generating high magnitude earthquakes ( M w 

7–7.2). An example is the historical seismic 
sequence occurred in 1783, which caused numerous fatalities near the villages located along 

the longest faults of this region: the Cittanova and the Serre faults. In this work, we estimated 

the seismic potential of these two faults by a kinematic block modelling approach using GNSS 

data of both campaign points and permanent stations. Our results indicate that both faults are 
accommodating the recognized extensional velocity gradient ( ∼ 1 mm yr −1 ) by long-term slip 

rates ( ∼ 2 mm yr −1 ). To estimate the back slip distribution and the interseismic coupling degree 
of the Cittanova and Serre faults, we discretized these by a triangular dislocation elements 
mesh. This approach has allowed us to distinguish the fault areas where elastic seismic rupture 
is more likely to happen from those affected by aseismic creeping behaviour. The obtained 

results show that the highest values of coupling are located near the shallow portion of the fault 
planes and near the southern tip of the Cittanova fault. We therefore estimated a set of possible 
rupture scenarios finding that the Southern Calabria domain is accumulating an interseismic 
moment rate at most equal to 2.16 × 10 

16 Nm yr −1 , the equi v alent of an earthquake of M w 

4.86 for each year. 

Key words: Satellite geodesy; Continental tectonics: extensional; Fractures, faults and high 

strain deformation zones. 
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1 .  I N T RO D U C T I O N  

Analysis of ground deformation in active tectonic domains is pos- 
sible using geodetic techniques since these are capable to esti- 
mate millimetre scale velocity variations (Segall & Davis 1997 ; 
Burgmann et al. 2000 ). Geodetic measurements, such as Global 
Navigation Satellite System (GNSS) data, are useful to identify 
structural lineaments (e.g. faults), define their kinematics and abil- 
ity of accommodating the observ ed v elocity gradient. This approach 
is adopted by several authors to explain deformation processes re- 
lated to active faults observed at the interseismic timescale (e.g. 
Savage & Burford 1973 ; Meade & Hager 2005 ). In this work, we 
focus our attention on the Southern Calabrian Arc (Southern Italy, 
CA hereinafter), an active tectonic domain located in the central 
Mediterranean (Figs 1 a and b). The CA is affected by large-scale 
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tectonic processes, such as the relativ e conv ergence of the African 
and Eurasian plates. The CA belongs to a structural domain de- 
fined by the presence of a large accretionary wedge, located in the 
Ionian Sea, formed by the subduction of the Ionian oceanic crust be- 
neath the CA (Malinverno & Ryan 1986 ; Jolivet & Faccenna 2000 ) 
(Fig. 1 ). In this complex tectonic framework, normal faults accom- 
modate the extensional stress regime which is still active since the 
end of the Miocene (Westaway 1993 ; Monaco et al. 1996 ; Wortel 
& Spakman 2000 ; Goes et al. 2004 ; Faccenna et al. 2011 ). The 
regional crustal seismicity in the CA domain is mainly related to 
the activity of extensional faults, these are capable of generating 
M ∼ 7 events (e.g. the 1783 seismic sequence, M w 6.8–7, the 1908 
Strait of Messina earthquake, M w ∼ 7.1) (Fig. 1 b). Other remarkable 
seismic events are evidenced by historical and instrumental seismic 
records (Jacques et al. 2001 ; Barbano et al. 2005 ; Locati et al. 2022 ; 
ress on behalf of The Royal Astronomical Society. This is an Open Access 
s Attribution License ( https://creati vecommons.org/licenses/b y/4.0/ ), which 
 any medium, provided the original work is properly cited. 
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Figure 1. (a) Seismotectonic framework of Calabrian Arc in the context of Europe-Africa relative convergence. (b) Location of the studied area represented by 
a dashed line, red line is the actual front of the collisional belt (Giuffrida et al. 2023 Modified, and reference therein). Dots represent the location of the main 
historical earthquakes occurred in the area, arrows represent the actual extensional dynamic. LCFS Lamezia Catanzaro Fault System; FC: Fagnano Castello 
Fault; SM: S. Marco Fili Fault; MR: Montalto Rende Fault; SRF: Serre Fault; CNFS: Coccorino-Nicotera Fault System; CF: Cittanova Fault; ARF: Armo Fault; 
RCF: Reggio Calabria Fault; W-F: West-Fault; TF: Taormina Fault; TFS: Tindari Fault System; AFS: Alfeo.Etna Fault System. Base map was made using DEM 

and Bathymetric data from: https://emodnet.ec.europa.eu/ . 
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ovida et al. 2022 ; Andrenacci et al. 2023 ): The 1905 September
 earthquake ( M w 7.5; Presti et al. 2017 ), the 1638 March 27 event
Bosi & Galli 2004 ) and the Crati earthquake, occurred in 1870
Baratta 1901 ), (blue dots in Fig. 1 a). In this paper we study the
ittanova and Serre faults (CF and SRF hereinafter), the longest
ormal faults slicing across the CA. Several authors (Jacques et al.
001 ; Galli & Bosi 2002 ), agree in defining the CF and SRF as two
est-dipping, ∼40 km long faults responsible of the 1783 seismic

equence. For instance, in Jacques et al ( 2001 ), the main shock of the
783 seismic sequence is associated to the activity of the CF accord-
ng to the historical reports of de Dolomieu ( 1784 ), who observed
 20 km long scarplet at the base of the Aspromonte Mountain,
nterpreted as a coseismic rupture along the CF. The CF has been
he object of numerous studies such as paleoseismological trenches
Galli & Bosi 2002 ; Bosi & Galli 2004 ; Galli & Peronace 2015 ),
hich ascribed the 1783 Febr uar y 5 event to the activity of this fault

nd defined return times for earthquakes similar to that occurred in
783 (ranging from 1300 to 1800 yr). With regard to the other events
f the same sequence, the Febr uar y 7 and March 1 e vents, se veral
uthors ascribed these to the activity of the SRF. This hypothesis is
upported b y geolo gical field observ ations, b y the distribution of the
picentral areas of the 1783 sequence (Baratta 1901 ), by revisited
acroseismic data (Andrenacci et al. 2023 ) and paleoseismologi-

al studies (Galli & Bosi 2002 ). Given the complex seismotectonic
istory of the CA, we decided to investigate the seismic potential of
he CF and SRF. Indeed, even if these faults are widely studied, their
ole in determining possible future seismicity is still unclear, nev-
rtheless the high seismic moment release against the low geodetic
train rate that characterize the CA ( ∼ 10–20 nanostrain yr −1 ) is
till doubtful (see also Carafa et al. 2018 and reference therein). 

To study the seismic potential of the CF and SRF we investi-
ated the interseismic deformation related to these b y appl ying a
inematic Block Modelling approach (Mccaffrey 2002 ; Meade &
ager 2005 ; Meade & Loveless 2009 ), using campaign and continu-
us GNSS data acquired from 1995 to 2021 (e.g. Pirrotta et al. 2021 ;
iuffrida et al. 2023 ) (Fig. 2 ). We modelled the kinematics and the

art/ggaf087_f1.eps
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Figure 2. Velocity field of the Southern-Central Calabria and nor th-easter n Sicily, computed considered the Hyblean Plateau fixed (Pirrotta et al. 2021 and 
Carnemolla 2021 , PhD thesis); Dots indicate the IGM95 network; red triangles indicate the stations belongs to the RING/RDN netw ork; yello w triangles 
indicate the TopNetLive stations and blue triangles indicate the permanent stations computed by the Nevada Geodetic Laboratory. Dashed lines are the section 
traces of the velocity profiles. Thick lines are the SRF and CF traces. Base map was made using DEM and Bathymetric data from: https://emodnet.ec.europa.eu/ . 
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geodetic slip rates of the faults and investigated whether their pres- 
ence and characteristics justify the recognized velocity gradient. 
We therefore estimated the back-slip distribution on fault planes 
(Savage 1983 ), and computed the interseismic coupling coefficient 
as the ratio of the back slip and the long-term slip derived from the 
blocks motions that border these faults. This step of analysis allowed 
us to distinguish the fault portions where the elastic contributions 
should occur from areas affected by creeping behaviour. Indeed, 
according to this approach, high coupling fault portions (coupling 
close to 1) are those that contribute elastically to reproduce the ob- 
serv ed v elocity gradients, whereas areas of low coupling (close to 0) 
creep. Areas of fault with medium coupling ( ∼0.5), are affected by 
complex behaviour (i.e. seismic ruptures and creep). The obtained 
results allowed us to propose a set of possible rupture scenarios by 
estimating the moment magnitude ( M w ) and the recurrence interval 
(R) for each coupling interval on the SRF–CF fault plane. 
1.1 Seismotectonic framework 

The Southern Calabria is an arc shaped terrain formed in the context 
of the relative convergence between the European and African plates 
(Malinverno & Ryan 1986 ; Faccenna et al. 2004 ; Rosembaum & 

Lister 2004 ) (Fig. 1 ). The CA is part of a large accretionary wedge 
formed as a consequence of the Miocene to Quaternary Subduction 
process of the Ionian crust (De w ay et al. 1989 ; Faccenna et al. 2001 ). 
It is delimited to the North and to the South, by the Palinuro and 
the Tindari Fault Systems, respecti vel y (Finetti and Del Ben 1986 ; 
Del Ben et al. 2008 ; de Guidi et al. 2013 ). The last tectonic phase 
of the CA is characterized by an WNW-ESE oriented extensional 
stress regime, which is still ongoing and has contributed to the 
formation of normal and oblique faults (Monaco & Tortorici 2000 ; 
Galli & Bosi 2002 ; Ferranti et al. 2008 ; Tripodi et al. 2018 ). The 
actual configuration of the Southern Calabrian Arc is defined by 
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pper Pliocene to Quater nar y extensional basins arranged parallel
o the main fault systems (Monaco et al. 1996 ; Jacques et al. 2001 ).
he latters border the Aspromonte and the Serre Mountains, which
re constituted by basement metamorphic rocks ascribed to the
uropean margin (Ogniben 1969 ; Amodio Morelli et al. 1976 ). 
As attested by several authors (e.g. Serpelloni et al. 2010 ; Palano

t al. 2012 ), extensional faults with a pre v alent dip-slip kinematic
ccommodate the ∼NW-SE stretching by generating high magni-
ude earthquakes ( M w ∼ 7). Examples are the CF and SRF, these
lmost 60 ◦ west-dipping faults have been regarded as the main seis-
ic sources of catastrophic events, such as the ones occurred in

783 (Jacques et al. 2001 ). The dimensions, strike and dip angle
f the CF and SRF are well constrained by recent studies (see also
iuffrida et al. 2023 and references therein), widely documented

hrough geological and geostr uctural obser vations (Tor torici et al.
995 ; Monaco & Tortorici 2000 ; de Guidi et al. 2013 ; Scudero et al.
020 ), paleoseismological studies (Galli & Bosi 2002 ; Galli & Per-
nace 2015 ) and seismological data (Scarf ̀ı et al. 2018 , 2021 ). The
F and SRF delimit the extensional basins of Mesima and Gioia
auro to the west from the Serre and Aspromonte Mountains to

he east, respecti vel y. These two faults exhibit clear morpholo gical
vidence such as cumulative scarps up to 400 m high, triangular
nd trapezoidal facets and v shaped valleys (Monaco & Tortorici
000 ). 

The complex seismotectonic framework of the Southern Cal-
brian Arc is characterized by the presence of other fault systems
Fig. 1 ). To the south, the 25 km long, NNE-SSW oriented, west-
ipping Reggio Calabria Fault (RCF) was active during the Quater-
ary and various authors inferred its reacti v ation during the catas-
rophic 1908 earthquake (Monaco & Tortorici 2000 ). In the same
rea other faults have been recognized and considered capable of
enerating high magnitude events: The west-dipping, high angle
r mo nor mal fault (ARF in Fig. 1 ; Aloisi et al. 2012 ) and the W-

ault, a low angle ( ∼ 45 ◦) east-dipping normal fault (W-F in Fig. 1 ),
ocated in the Messina Strait. The latter was recently unlighted by
igh resolution reflection profiles (see Barreca et al. 2021 for further
nformation). An active oblique belt, the SSW-dipping Coccorino-
icotera Fault System (CNFS), separates the Gioia Tauro Basin

rom the Mesima Basin (Monaco & T ortorici 2007 ). T o the North,
he Lamezia Catanzaro Fault System (LCFS) separates the South-
rn Calabrian Arc from the Nor ther n Calabrian Arc, bordering the
atanzaro basin. This fault system is composed by WNW-ESE ori-
nted left stepping oblique faults with a pre v alent normal kinematic
nd a subordinate left lateral component of motion (Dijk et al. 2000 ;
ansi et al. 2007 ; Pirrotta et al. 2021 ). Historical and instrumen-

al seismicity of this sector testify the recent activity of the LCFS
Pirotta et al. 2021 ). In the Nor ther n Calabrian Arc, the Crati Valley
s bordered to the west by normal faults: the Fagnano-Castello (FC),
he S. Marco Fili (SM) and the Montalto-Rende (MR) east-dipping
aults (Fig. 1 a), together forming an almost 45 km long, NNW-SSE
riented fault belt (Monaco & Tortorici 2000 ). These faults are con-
idered responsible of the 1870 earthquake according to historical
eports ( Baratta 1901 ) (Fig. 1 a). 

.  G E O D E T I C  DATA  

e computed a horizontal velocity field using a dense data set of
bout 50 GNSS stations belonging to various geodetic networks
Fig. 2 ). We occupied the IGM 95 (Istituto Geografico Militare)
PS points between July and September 2020, our surv e y con-
isted of at least 10 hr of occupation time for each geodetic bench-
ark, using Topcon Hiper SR and Hiper V receivers (L1/L2 dou-

le frequenc y). Moreov er, we improv ed the robustness of the data
et using the permanent stations of RING/RDN ( https://webring.
m.ingv.it:44324/rinex/RING ), the TopNet Live Italy network
 https://rtk.topnetli ve.com/ital y/networks/topnet-li ve-ital y ) and the
ime-series of stations processed by the Nevada Geodetic
aboratory ( https://geodesy.unr.edu/NGLStationPages/gpsnetmap/
PSNetMap MA G.html ). P ermanent stations covered a large pe-

iod, the older stations are those which belong to the RDN/RING
etworks (2005–2009), stations belonging to the TopNet Live net-
orks were installed between 2012 and 2014 (see supplementary
aterials). The campaign points of the IGM-95 have time-series

tarting from 1994. 
GNSS data were processed using GipsyX 1.5 (Bertiger et al.

020 ), following the same methodology described in Pirrotta et al.
 2021 ) and Giuffrida et al. ( 2023 ). We obtained the coordinates of
he selected geodetic benchmarks for each DOY (Day Of the Year).
hese were used to compute time-series in ITRF 2014 reference

rame (Altamimi et al. 2016 ). Subsequently, we referred the ob-
ained velocities to the eastern Sicily block (Hyblean Plateau fixed)
ith the aim of visualizing the velocity field of the study area with

espect to a fav ourab le local reference system (see also Pirrotta et al.
021 and Carnemolla 2021 , PhD Thesis, for further information).
he resulting velocity field and the related error ellipses (95 per
ent level of confidence) are plotted in Fig. 2 . 

.1 Velocity gradient across the Serre and Cittanova faults 

oth campaign and permanent GNSS stations exhibit horizontal
elocities (Fig. 2 ) of the same order of magnitude, ranging from a
inimum value of about 1.5 mm yr −1 to a maximum value of about
 mm yr −1 . The obtained velocity field (referred with respect to
he Hyblean Plateau fixed reference frame, Pirrotta et al. 2021 and
arnemolla 2021 , PhD Thesis) shows a common motion towards

he SE direction that is almost orthogonal to the traces of the main
ault systems, that is, SRF (N40 ◦E) and CF (N35 ◦E), and exhibit
 gradual increase moving away from West to East. Fig. 3 shows
 arious sections ortho gonal (numbered dashed lines in Fig. 2 ) to the
races of SRF and CF where is plotted the parallel component of the
elocity rates of both permanent and campaign stations (blue and
ed dots, respecti vel y, in Fig. 3 ), sections 1 to 3 are 10 km width,
ections 4 to 6 are 15 km width. The velocity profiles allow us to vi-
ualize a predominantly extensional gradient. In particular, sections
 to 3 , orthogonal to the CF, exhibit a differential change in velocity
rom 2–2.5 mm yr −1 to almost 4 mm yr −1 moving towards the south-
astern sectors. Similarly, sections 4 to 6 , orthogonal to the SRF,
epict a differential velocity change moving from NW to SE show-
ng an increase in velocity from ∼ 2–2.5 to 3.5 mm yr −1 (see Fig. 3
aption for accurate minimum and maximum values of velocity for
ach section based on the weighted regression lines and the related
 

2 coefficients). The MNST station shows a slightly higher parallel
elocity component ( ∼5 mm yr −1 ) than those of other nearby sta-
ions (e.g. ARSE and MOS3) indicating some possible errors and/or
ocal processes not taken into account. 

The velocity gradient recognized across the studied faults is also
onsistent with the orientation of the predominant extensional strain
ocumented for these areas by structural analysis (de Guidi et al.
013 ; Scudero et al. 2020 ), as well as with the seismotectonic
ramework of the Southern-Central Calabria (Tortorici et al. 1995 ;

https://webring.gm.ingv.it:44324/rinex/RING
https://rtk.topnetlive.com/italy/networks/topnet-live-italy
https://geodesy.unr.edu/NGLStationPages/gpsnetmap/GPSNetMap_MAG.html
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Figure 3. Parallel component of velocities across the CA. sections 1 to 3 are orthogonal to CF, whereas sections 4 to 6 are orthogonal to SRF. Section 1 ): min. 
vel. 2.10 ± 0.74 mm yr −1 ; max. vel. 3.48 ± 1.35 mm yr −1 ; R 

2 0.5. Section 2 ): min. vel. 2.42 ± 0.55 mm yr −1 ; max. vel. 3.11 ± 1.13 mm yr −1 ; R 

2 0.11. Section 
3 ): min. vel. 2.68 ± 0.70 mm yr −1 ; max. vel. 3.0 ± 1.18 mm yr −1 ; R 

2 0.06. Section 4 ): min. vel. 2.51 ± 0.71 mm yr −1 ; max. vel. 3.99 ± 1.16 mm yr −1 ; R 

2 0.45. 
Section 5 ): min. vel. 2.52 ± 0.82 mm yr −1 , max. vel. 3.88 ± 1.33 mm yr −1 ; R 

2 0.38. Section 6 ): min. vel. 2.18 ± 1.1 mm yr −1 ; max. vel. 3.5 ± 1.7 mm yr −1 ; 
R 

2 0.85. Blue dots are velocities obtained by using permanent stations (RING/RDN; TOpNetLive Italy), red dots are velocities of campaign stations (IGM-95), 
black dashed lines are the weighted regression lines for each section. Red vertical lines indicate the location of the CF and SRF for each section. 
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onaco & Tortorici 2000 ; Ferranti et al. 2008 ; Serpelloni et al.
010 ; Palano et al. 2012 ). 

.  B L O C K  M O D E L L I N G  A P P R  O  A C H  

o reproduce the measured GNSS velocity field and estimate kine-
atically consistent long-term slip rates of the main faults in the

tudy area, we applied a block modelling approach (Mccaffrey 2002 )
xploiting all the av ailable geolo gical and seismological information
nd using the BLOCKS MATLAB code (Meade & Loveless 2009 ).
ccording to the Block modelling approach (McCaffrey 2002 ), the
elocity g radient obser ved at surface by means of geodetic tech-
iques is modelled considering the lithospheric layer divided into
igid blocks, bordered by rectangular fault planes embedded in an
lastic, homogeneous and isotropic half-space (Okada 1992 ). At a
ore local scale of observations, blocks rotate with respect to a

eference one considered fixed, allowing to study more in detail the
easured velocity gradient. The block modelling theory follows the

ack-slip concept (Savage 1983 ), according to which the long-term
locks motions can be defined as the sum of the interseismic and co-
eismic deformations. Changing the order of the terms, it is possible
odel the interseismic deformations as the sum of the long-term

teady velocity, related to the blocks motion and a long-term fault
lip rate with a ne gativ e sign (i.e. acting in opposite directions with
espect to the coseismic slip sense), called back-slip rate or slip
eficit rate. 

Accordingly, we can consider the interseismic velocity field (Vi)
bserved at the surface as the sum of two contributions (eq. 1 ): Vr,
hat represents the long-term rotational velocity of a point belonging
o a rigid plate, and Ve, representing the elastic contributions to the
elocity field due to the back slip rates of the modelled fault planes.
oreover, block model theory can consider a third parameter, Vs,

s an additional deformation source for a possible internal strain of
locks. Following the above considerations, we can write Vi as: 

 i = V r + V s + V e . (1) 

One of the greatest strengths of the block modelling approach
s the use of the rotation poles of the bounding blocks to compute
he slip rate on faults, this ensures that the model is kinematically
elf-consistent (McCAffrey 2002 ). On the other hand, one limitation
f this approach is that it must be supported by a good knowledge
f fault geometry because the fault parameters (e.g. locking depth,
ip-angle, strikes, faults length) are a priori fixed in the modelling.

.1. Blocks configuration of the Calabrian Arc 

ue to the complexity of the study area, we tried to e v aluate the
ole of the numerous active faults within the occurring tectonic
eformation. To explain the recognized geodetic velocity gradient
nd verify the role of the SRF and CF within the extensional regional
ramework, we tested three different model settings (Fig. 4 ), see
lso supplementary materials (Section 1; Tables S1, S2 and S3 )
or a summary of the input parameters used (i.e. blocks and faults
eometries and locking depth). For each model, we constrained
he position, extension, locking depth and dip angle of the faults
rom several seismotectonic studies and available data bases. As a
rst step, we considered the simplest model in which the velocity
radient is only accommodated by extensional faults, separating the
wo main blocks of the model (Model 1 hereafter, see Fig. 4 ). For
oth the SRF and CF we constrained the locking depth and dip angle
equal to 20 km and 60 ◦, respecti vel y) according to previous studies
Giuffrida et al. 2023 ). For the faults that border the Crati valley
Fig. 1 ), we considered a 10 km locking depth and 60 ◦ dip angle
sing the available information from the DISS data base (Data base
f Individual Seismogenic Sources; https://diss.ingv.it/download- 
iss- 3- 3- 0 ). To the south, we opted to consider the RCF as an
ctive fault, due to its intermediate position with respect to the
ther faults slicing across this area (i.e. the ARF and the W-F). In
his case we used a dip angle of 60 ◦ and a locking depth of 15 km,
ccording to available studies (Ghisetti 1992 ; Monaco & Tortorici
000 ). Moreover, we used two other fault segments taken from the
ISS data base: the Piano Laga Savuto Fault, probable associated

o the 1638 March 27 seismic event (Bosi & Galli 2004 ) (PLS in
ig. 1 , located to the south of the Crati), with a locking depth of
0 km and dip angle of 60 ◦, and the Taormina Fault, located in the
astern coast of Sicily, characterized by a locking depth of 15 km
nd dip angle of 60 ◦ (TF in Fig. 1 ). 

The following model configurations included the oblique faults,
he LCFS for Model 2, and the CNFS for Model 3 (Fig. 4 ). For
oth faults we considered high angle planes with 15 km locking
epths according to available literature studies and DISS informa-
ion. The more the number of blocks increases, the better the model
eproduces the data, and it is important to e v aluate whether the
t improvement is statistically significant. As the number of blocks
as increased, we performed the F-test according to Stein & Gordon
 1984 ) (Table 1 ) using the χ2 value (chi squared value of residuals),
he number of stations used for the inversion process, the rotational
arameters of the blocks involved (lat. long. and angular velocity
f each block) and the number of blocks ( n + 1, because 1 block
s fixed). We find that the F values of the simplest model versus the
omplex ones are lower than the minimum F value of the statistical
cceptance reported in Stein & Gordon ( 1984 ), with a 95 per cent
evel of confidence for the used data set (F 95 per cent conf. in
able 1 ). This means that our number of stations cannot solve for
odel block scenarios more complex than model 1 (2 blocks + 1
xed) with an acceptable level of statistics. 
Thus, we chose the simplest model with two blocks (Model 1)

s the best to reproduce the observed geodetic velocity gradient.
odel 1 allowed us to infer that the recognized extension of the

egion is mainly accommodated by long-term slip rate on the SRF
nd CF (uniformed distributed on fault planes), ranging from ∼1.3
o ∼ 2.5 mm yr −1 , (Fig. 5 ). We also estimated slip rates for the RCF
nd TF, respecti vel y ∼ 2.7 and ∼ 2.8 mm yr −1 . 

We conducted a sensitivity analysis to verify if the estimated
lip rates are particularly dependent on locking depth variations.
ccordingly, we ran the optimal block model setup (Model 1) by

hanging the locking depth of the SRF and CF from 5 km to 30 km
ith a constant step of 1 km. We also investigated the variability
f the Chi2 value for each model, as well as the change of the
ean residual magnitude of velocity, (see section S2 and Fig. S1

n supplementary material, for further information). The sensitivity
ests indicate at most 0.4 mm yr −1 of variation of our estimated SRF
nd CF slip deficit rates, moreover, the minimum value of Chi2 is
enoted for the model that assumes a 10 km of locking for the SRF
nd CF (see Fig. S1 c in supplementary materials). 

.  D I S T R I B U T E D  B A C K - S L I P  O F  

R F - C F  S U R FA C E  

o better e v aluate the seismic potential of SRF and CF (which are
ocated in the area with the highest data density), we computed
he back-slip distribution on a 3-D fault surface starting from the

http://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggaf087#supplementary-data
https://diss.ingv.it/download-diss-3-3-0
http://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggaf087#supplementary-data
http://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggaf087#supplementary-data
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Figure 4. Tested models for the given geodetic velocity gradient: Model 1 (2 blocks + 1 fixed), Model 2 (3 blocks + 1 fixed), Model 3 (4 blocks + 1 fixed). 

Table 1. Statistic F-Test, for each model were reported the computed resid- 
ual chi2 ( χ2), number of blocks and the F values of minimum statistical 
acceptance from Stein & Gordon ( 1984 ). 

N. blocks χ2 F F (95 per cent conf.) 

MODEL 1 2 45.317 Model 1 → Model 2: 0.76 2.76–2.78 
MODEL 2 3 44.153 Model 2 → Model 3: 1.69 2.76–2.79 
MODEL 3 4 41.632 –
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best block model setting that had reproduced the recognized ve- 
locity gradient (Model 1, see section 3.1 and Fig. 4 ). In particular, 
the fault surfaces of SRF and CF have been divided into triangular 
patches (TDEs), using Gmsh Software (Geuzaine & Remacle 2009 ) 
and including the known faults attitude, dip direction and a max- 
imum depth of 30 km (Fig. 6 a). Thus, we made a new model run 
considering the same locking depth of Model 1 for all faults except 
for the SRF and CF, which we discretized by a triangular mesh on 
which we solved for back-slip. Estimating the back-slip distribution 
on fault planes is useful for discriminating fault portions where seis- 
mically coupled asperities and aseismic creeping areas are located 
(Meade & Loveless 2009 ; Anderlini et al. 2016 ). Coupled regions 
represent portions of the fault that entrain the elastic component 
of the velocity gradient recognized on the surface, whereas creep- 
ing portions accommodate the aseismic motion of the blocks in the 
long term (Sammis & Rice 2001 ). To reproduce this concept and 
following the approach of Anderlini et al. ( 2016 ), we constrained 
the back-slip values to be at most equal to the maximum values of 
the long-term slip rate obtained from the Model 1 by applying a lin- 
ear constrained algorithm during the inversion (Coleman & Verma 
2001 ). This inversion approach is useful to study areas where low 

art/ggaf087_f4.eps
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Figure 5. Long-term slip rate values of CF and SRF (red lines). Arrows are the residuals of velocities. The mean residual magnitude is 0.65 mm yr −1 . 
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nterseismic velocity occurs (Anderlini et al. 2016 ), considering
hat for this kind of domain the original BLOCKS code (Meade &
oveless 2009 ) enables to obtain a good solution for the rotational
lock parameters, but not for the e v aluation of spatial variation of
he slip deficit on fault planes. Indeed, without any kinematic con-
traints implemented for the estimate of the slip deficit distribution,
he high number of degrees of freedom gi ven b y the slip on each
atch can allow the code to converge on non-kinematically consis-
ent solutions. We constrain the back-slip rate distribution to taper
o zero at the bottom of the fault planes in order to consider a possi-
le brittle–ductile transition in depth (Scarfi et al. 2018 , 2021 ). The
ack-slip rate distribution is regularized using a Laplacian operator
as in Meade & Loveless 2009 ), weighted by a smoothing factor
 β), whose optimal value has been estimated by a trade-off reitera-
ive approach (Harris & Segall 1987 ). This approach consists of a
eries of runs by varying the smoothing value in a range of values
ith constant steps: the more important the weight of the Lapla-

ian operator that smooths the back-slip distribution solution is (i.e.
ow roughness of the solution), the more the residuals between data
nd model increase. At the end of the iterations, the trade-off plot
ompares the misfit of each solution with the slip roughness, and
 ‘knee point’ is chosen in order to ensure the minimization of the
esiduals in terms of WRSS (Weighted Residual Sum of Square),
nd, at the same time, avoid an oversmoothed solution (see Fig. S2
n supplementary material). This approach allows to retrieve the
ain spatial features of the slip distribution, corresponding to the

real extent of possible fault asperities. 
The back-slip rate pattern, for the modelled mesh, exhibits a

istribution of ne gativ e values (corresponding to extensional rates),
eaching zero moving down dip in the central portion of the surface,
nd maximum magnitude of about 3 mm yr −1 . Variable values of
ack slip rates for the entire fault plane indicate that the surface
s potentially coupled to some degree along the entire fault plane.

oreover, we noted a good fit (WRMS = 0.509 mm yr −1 ) between
he observed horizontal velocity field and the modelled one (Fig. 6 ,
lue and red arrows, respecti vel y). 

art/ggaf087_f5.eps
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962 S. Giuffrida et al . 

Figure 6. (a) Back slip rate distribution on fault plane (Dip slip component). Blue arrows represent the observed horizontal velocity field, red arrows represent 
the modelled horizontal velocity field resulting from the block modelling inversion. (b) Velocity sections AA’ and BB’ (30 km width) across SRF and CF 
respecti vel y, showing the profile-parallel velocity components of both observed and modelled velocity field. Black lines indicate the polynomial best-fitting 
curves of the forwarded velocities. Relocated seismicity and faults trace from Giuffrida et al. ( 2023 ). 
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To compare the results of the modelled versus observed exten-
ional velocity pattern and investigate the role of the SRF and CF
o accommodate it, we built a regular grid of experimental points
EPs), with resolution of 1/60 ◦, covering the entire southern Cal-
brian area. For each EP we computed the corresponding velocity
erived from a direct computation of our block model solution. Our
esults are shown in Fig. 6 (b) along two sections (AA’ and BB’)
here we plotted the parallel component of the modelled velocities

red circles) obtained for each EP. For each section we also plot-
ed the geometry of faults and the relocated seismicity of the area
see Giuffrida et al. 2023 ). Section AA’ shows a velocity gradient
cross the SRF increasing from west to east. The observ ed v elocity
anges from 2–2.5 mm yr −1 , in the hanging wall domain, to almost
.5 mm yr −1 in the footwall sectors. In order to estimate the ve-
ocity gradient across the studied faults as accurately as possible,
e fit a polynomial function to the modelled velocity field for each

ection (black lines in Fig. 6 b). Then we computed the difference
etween the minimum and maximum values of the velocities and
he associated propagated errors. The obtained parallel components
f the GNSS modelled velocity suggest an extensional gradient of

0.9 ± 0.12 mm yr −1 along the overall section AA’ and a gradient
f ∼ 0.39 ± 0.13 mm yr −1 through the SRF fault trace. Section BB’
hows the velocity pattern across the CF. Here, the stations near the
ootwall (MASP, MTSI, BOVA) suggest that the velocity increases
rom west to east from ∼2.5 to ∼3.5 mm yr −1 . The forward mod-
lled velocity pattern shows an overall extensional gradient of ∼0.
2 ± 0. 15 mm yr −1 and of ∼0. 31 ± 0. 18 mm yr −1 through the
ault. 

.1 Interseismic coupling of SRF-CF 

he slip deficit rates resulting from block modelling are useful to
etermine the interseismic coupling degree (IC). This parameter
s helpful to assess the spatial diffusion of coupled asperities that
re potentially capable of generating earthquakes (Mccaffrey 2002 ;
eade & Loveless 2009 ; Graham et al. 2021 ). The IC is defined

s the ratio of the elastic back-slip distribution and the interseismic
ong-term slip rates derived from the long-term motion of the blocks
see also Ader et al. 2012 ). The IC varies from 0, where no back
lip on the fault should occur (areas of fault with no coupling), to
 where back slip occurs at the same rate of the long-term block
otions (areas of fault with full coupling). These high coupling

reas represent the spatial extent of asperities that may generate
arthquakes. According to our model, the IC distribution (Fig. 7 a)
uggests the presence of two possible coupled asperities along the
 ault surf ace (IC > 0.5). The first asperity is almost 35–40 km
ong and is located in the shallowest portion of the fault extending
own to 10 km of depth. The second asperity is located at the
outher n ter mination of the fault, covering almost the entire depth
IC close to 1 from 0 km to ∼ 20 km and IC > 0.5 from ∼ 20 km
o ∼ 30 km). Areas of low coupling (IC < 0.5) are detected in
he deepest portions of the surface and the shallowest sector of the
or ther n tip, close to which most of the recorded microseismicity
s located (Figs 7 a and b), that is probably ascribed to creeping
ehaviour according to Rubin et al. ( 1999 ). Areas of intermediate
oupling (IC close to 0.5) may suggest complex fault portions where
he recognized extensional gradient can be accommodated by both
lastic and creeping processes. To compare the IC distribution with
he microseismicity, we selected an overall ∼ 1000 seismic events,
alling within the SRF-CF plane, from the original data set of ∼ 8500
elocated events in Giuffrida et al. ( 2023 ). The selected earthquakes
ave a magnitude between 1 and 4.1 and covering a period from 1984
o 2021. Fig. 7 (c) shows the frequency of the coupling value of the
losest TDE associated with each seismic e vent, accordingl y, a high
requency is visible for coupling values of 0.4 and 1. Normally, the
icroseismicity should fit the areas of low coupling, this is in line
ith the high frequency of events at 0.4 of IC. The high frequency
f events close to IC 1 can be explained by the overlap of the
icroseismicity with the coupled areas located in the southern tip

f the CF (Figs 7 a and b), this could be indicative of an IC pattern
hat is not well detected in this fault region. Fig. 7 (d) shows the
requency of distances of each seismic event to the closest TDE of
he model surface with an average value of ∼ 5 km. 

To verify the reliability of the obtained IC distribution and test
ow well the spatial location of our data can resolve the spatial extent
f the recognized coupled asperities, we performed a resolution
ength analysis (Ader et al. 2012 ; Anderlini et al. 2016 ) (Fig. 7 e).
n asperity can be considered well resolved if the resolution length
as the same order of magnitude or is smaller than the asperity size.
n Fig. 7 (e) is possible visualize the obtained resolution length on
he fault plane in km, w hereas F ig. 7 (f) shows the map view of the
esolution contour lines and the distribution of the stations used.
he lowest resolution is recognized in the deepest portion of the
urface, where it reaches the value of 50 km. On the contrary, the
ighest resolution is detected in the shallowest portion of the surface
up to 15 km of depth) and ranges from 6 km to almost 20 km. Thus,
ccording to the resolution analysis, the deepest part of the surface,
here low coupling occurs, corresponds to a low resolution, as in

his sector our data cannot resolve for small asperities. Conversely,
he 35–40 km long asperity, recognized in the shallowest portion of
he fault, seems to be well resolved by the data since the resolution
ength is smaller than its size. This coupled portion is well resolved
lso in its lateral portions, as here we detected low coupling values
ccompanied by low resolution length. Finally, if we consider the
icroseismicity distribution, it seems to be clustered below the

sperity, where low coupling values occur. 
A more complex scenario can be considered for the asperity

ocated at southern tip of the fault. In this sector the resolution length
eaches 30 km, this value is higher than the size of the detected
oupled portion, accordingly, the IC distribution is not well resolved
y the data, especially in the deepest and lateral edges of the asperity.
e can also consider the distribution of the microseismicity: it

eems to overlap with the coupled area and it would not justify the
lastic behaviour of this fault portion, even though the horizontal
elocity gradient is mostly accommodated by the high back-slip
ate. This also explains the high frequency of events close to IC 1,
etected in Fig. 7 (c). 

Moreover, we conducted further resolution tests to investigate the
esolvable patches size using a checkerboard approach. These tests
re useful to e v aluate the reliability of the obtained coupling pattern
nd the ability of the GNSS data to recover the spatial distribution
f the asperities on fault plane (see Section 4 and Figs S3 and
4 in supplementary materials). The checkerboard test provided
urther validation of the good resolution for the shallow part of the
ault. 

.  D I S C U S S I O N  

e used a dense data set of GNSS stations belonging to permanent
nd discrete networks to estimate the interseismic velocity field of
he southern central Calabria and verify the role of the SRF and
F faults within their geodynamic setting. We found a pre v alent

http://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggaf087#supplementary-data
http://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggaf087#supplementary-data


964 S. Giuffrida et al . 

Figure 7. (a) 3-D view of the triangular patches fault plane (dipping towards the West sectors) coloured as function of the interseismic coupling distribution, 
black circles represent the relocated seismicity across the fault plane; black lines are the coupling contour. (b) Map view of the CF-SRF surface and the 
relocated seismicity belongs to the fault area, black lines are the coupling contour. (c) Histogram shows the frequency of the coupling values associated with 
the seismic events closest to the modelled surface. (d) Histogram shows the frequency of distances related to the seismic events closest to the modelled surface. 
(e) Resolution length distribution expressed in km. Black lines are the resolution contours. (f) Map view of the resolution contour lines and distribution of 
the stations used for the modeling approach. Red triangles are GNSS of RING netw ork, yello w and blue are stations of TopNetLive and Ne v ada Geodetic 
Laboratory respecti vel y, b lack circles are IGM95 campaign stations. F igure made with MOVE software (Petex, academic grant). 
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WNW-ESE oriented extension with low velocity gradient orthog-
nal with respect to the SRF and CF. The low velocity gradient and
train rate associated with the high seismic moment release of this
rea, point out several unresolved questions on the seismic assess-
ent of the Calabrian Arc and testify that this domain represents
 challenging region to study (Carafa et al. 2018 ). The recognized
elocity gradient across the SRF and CF is well expressed by the
orward model of the velocities (Fig. 6 b), suggesting that the activ-
ty of these faults is probably accommodating most of the extension.
o wever , we must also consider the presence of other faults, such

s the CNFS and the LCFS, that may contribute to reproducing the
bserv ed v elocity pattern. Additionally, the comple x dynamics af-
ecting the Messina Strait, constituted by a long extensional faults
elt (see also Barreca et al. 2021 ) should be considered. 

To better understand the seismic potential of the study area, we
pplied a self-consistent kinematic block modelling approach by
esting different block settings and tectonic scenarios where normal
nd oblique faults were considered to v ariabl y accommodate the
bserved geodetic velocity gradient. Then, we performed a statis-
ical F-Test analysis to evaluate the model that best reproduces the
eodetic velocity gradient with the minimum necessary number of
egrees of freedom, finding that the simplest model considering
he activity of the SRF and CF faults is the best candidates, while
stimating the corresponding long-term faults slip rates (assuming
niform slip on fault planes). Then we modelled the SRF and CF as
 single 3-D west-dipping 30 km deep fault surface subdivided into
DEs, considering the geometric parameters provided b y pre vious
tudies (Giuffrida et al. 2023 and reference therein), to compute
he slip-rate deficit distribution on fault. A reliable locking depth
stimate for these faults is challenging because of the absence of
nshore seismic reflection profiles in these areas. For this reason, the
odelled 3-D mesh extended in depth up to 30 km, that allows us to

onsider the overall crustal layer for which we solved for slip deficit,
ccording to the known depth of the Moho from tomographic Vp
odel of Scarf ̀ı et al. ( 2018 ). Moreover, the above step of analysis
as helpful to investigate the crustal portion that is likely affected
y a prevalent elastic behaviour, neglecting the viscous-elastic layer
hich is not contemplated in the block modelling approach. 
The obtained coupling degree distribution shows two main asper-

ties. The first one is located in the shallowest portion of the plane,
ithin the first 10 km of depth, and has a total length of about 35–
0 km. The resolution analysis allowed us to infer that this asperity
s well resolved, both laterally and in depth. The highest resolution
s consistent with the location of the closest GNSS stations (i.e.

ASP, CELL, OPMA, MTLM SSBR and FILA), roughly covering
he central portion of the fault plane. We can do the same consider-
tion for the uncoupled portions of the fault where high resolution
ccurs, for instance in the lateral portion of the asperity pre viousl y
escribed and below it; this is consistent with the presence of sta-
ions PZCL, VIBO, FILA, SPAR and GTRO. 

This coupled shallow fault area has been compared with the
vailable information on the subcrustal structure of the study area
Fig. 8 ) as well as with the distribution of the relocated microseis-
icity from Giuffrida et al. ( 2023 ). In Fig. 8 the red dashed line

epresents the top of a low velocity anomaly la yer, w ell defined
hrough the Vp model of Scarf ̀ı et al. ( 2018 ). The latter is inter-
reted as a 15-km-thick weak material made up by the sediments
ccreted in the internal portion of the Calabrian wedge. This could
e an interesting feature if compared with the estimated IC distri-
ution, that seems consistent with the presence of creeping portion
here the weak material is located, as well as with the distribution
f the microseismicity. 
The second asperity concerns the southern tip of the fault; it is
0–15 km long arranged for almost the total depth of the surface.
rom the resolution analysis we found that this asperity is not well
esolved, especially for its deepest portion, where a high distribution
f microseismicity also occurs. In this area, the top of the Moho
iscontinuity (black dotted line in Fig. 8 ) from the Vp velocity
odel of Scarfi et al. ( 2018 ), (considering a Vp velocity of 7.6–

.8 km s −1 according to Rabbel et al. 2013 ), rises up to 22 km of
epth, interacting with the modelled 3-D mesh and suggesting a
ossible visco-elastic behaviour of this region. Thus, we suggest
hat this asperity can be reliable only for its shallowest portions (i.e.
–10 km of depth), where high resolution occurs, consistent with
he presence of the stations MASP and CELL. 

.1 Rupture scenarios 

o investigate possible consequences of the proposed model in terms
f seismic potential of the Southern Calabria area, we conducted a
etailed study based on both e v aluation of the area of the coupled
sperity and the corresponding moment magnitude ( M w ). We im-
lemented the code used in Graham et al. ( 2021 ), as an extension
f the original BLOCKS code, to e v aluate the interseismic moment
ccumulation rate of the detected central asperity for each coupling
ncrement, and the time needed to release this energy based on
he geodetically constrained slip deficit rate derived from the block

odelling. According to Graham et al. ( 2021 ), we used known em-
irical law scaling (in this case Wells & Coppersmith 1994 , table
a, all slip type) to estimate the corresponding M w (and the re-
ated uncertainties ranging from ± 0.12 to ± 0.14), furthermore,
e estimated the recurrence time interval using Aki ( 1972 ) inverse

ormulation ( R = M0/ μAs), where s is the slip deficit rate of each
oupled triangles within the mesh, μ is the shear modulus (assumed
o be 30 GPa), A is the area of the considered f ault surf ace and

0 is the seismic moment pre viousl y computed with Hanks and
anamori relation (Hanks & Kanamori 1979 ), (Fig. 9 ). 
Following the described approach, a possible rupture scenario

s estimated for each coupling increment. In particular, coupling
anges from ≥ 0.1 (which include triangles with almost free slip)
nd coupling ≥ 0.9 (including triangles with slip deficit rates al-
ost equal to the long-term block motion), with a step of 0.1. The

rea of the coupled triangles decreases as the coupling threshold in-
reases. The estimated M w follows this trend as does the computed
ecurrence interval ( R ). In general, rupture scenarios including high
alues of coupling can be considered more hazardous than the weak
nes because they are accompanied by short recurrence time inter-
als with still high M w . Fur ther more, using the 0.5 coupling thresh-
ld scenario to estimate an average interseismic moment accumu-
ation rate of the studied area, we achieved a value of 1.62 ×10 16 N
 yr −1 . Whereas considering the 0.1 coupling fraction scenario, we

chieved a maximum value of 2.28 ×10 16 N m yr −1 . We also com-
ared the obtained interseismic moment accumulation rate, derived
rom our slip deficit calculation, with the average coseismic moment
elease rate derived from the relocated seismicity in Giuffrida et al.
 2023 ), for the first 25 km of depth in the period 1990–2018. We
ound that the southern Calabria is releasing 1.19 ×10 15 N m yr −1 

f seismic moment. By calculating the difference between the in-
erseismic moment accumulation rate and the coseismic moment
elease rate, we suggest that the southern Calabria is at most accu-
ulating energy ranging from an equi v alent M w 4.86 earthquake (if
e would consider the 0.1 scenario), to an equi v alent M w 4.75 (if
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Figure 8. 3-D view of the SRF-CF surface coloured as function of coupling degree (blue: coupled; light red: uncoupled), the black dotted line represents the 
top of the Moho (from Scarf ̀ı et al. 2018) that intersects the modelled 3-D mesh. The red dashed line represents the top of the low Vp anomaly layer (Scarf ̀ı
et al. 2018 ), its ele v ation spanning from −17 km in the nor ther n sector to −15 km in the southern sector. Figure made with MOVE software (Petex, academic 
grant). 
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we would consider the average 0.5 scenario), for each year. More- 
over, we should also consider that the total of the energy can be 
released not only by elastic contribution but also through aseismic 
behaviours, thus our scenarios represent an end-member scenario, 
where the total amount of energy is released elasticall y. Finall y, we 
used the maximum area of the coupled triangles (see rupture sce- 
nario for 0.1 of coupling threshold) to calculate the time needed to 
accumulate energy capable to generate an earthquake of Magnitude 
7.2, similar to that happened during the 1783 seismic sequence as 
attested b y se veral studies (i.e. Jacques et al. 2001 and reference 
therein). Considering our slip deficit rate calculation, we found that 
the time required to accumulate such energy (corresponding to a 
M0 ∼2.76 ×10 19 N m) is equal to 1 300 ± 230 yr, consistent to 
the recurrence interval estimated in Galli & Bosi ( 2002 ), (1.3 to 1.8 
kyr) by paleoseismological trenches. 

6 .  C O N C LU S I O N  

Using both permanent and campaign GNSS stations, we estimated 
the velocity field of the southern-central Calabrian domain finding 
a general trend of motion towards the SE Ionian sector with respect 
to the Hyblean Plateau (Pirrotta et al. 2021 and Carnemolla 2021 , 
PhD Thesis). The velocity rate is between 3 and 4 mm yr −1 , which 
is consistent with previous studies (Palano et al. 2012 ; Giuffrida 
et al. 2023 and references therein). Moreover, the obtained veloc- 
ities show a general extension across the Calabrian Arc, arranged 
orthogonal with respect to the main fault systems. 
By applying a kinematic block modelling approach, we found 
that the recognized extensional pattern is mainly accommodated by 
long-term slips rate on the SRF and CF, two large West-dipping 
normal faults bounding the extensional basins of Mesima and Gioia 
Tauro Plains, respecti vel y. These faults are responsible for se veral 
historical earthquakes, for instance the 1783 seismic sequence; in 
particular, the M w ∼7 main shock (which occurred on 5 Febr uar y) 
is one of the most destructive earthquakes to have hit the Italian 
Peninsula. 

Thus, to investigate the seismic potential of these faults, we mod- 
elled the fault surface by TDEs; then we computed the back-slip 
rate for each TDE starting from the long-term slip rate and blocks 
velocities pre viousl y obtained. Finall y, to detect potential asperities 
capable of generating earthquakes and areas af fected b y aseismic 
beha viour, w e estimated the interseismic coupling degree as the 
ratio of the back-slip rate variability and the long-term slip rate. 

Our results show the presence of at least one asperity for the 
first 10 km of depth, located in the central portion of the modelled 
surface and extending for almost 40 km in length. It is well resolved 
by the spatial data distribution since the resolution length analysis 
exhibits low values for the corresponding high coupled area. A 

second asperity was recognized at the southern tip of the modelled 
fault plane. Considering the resolution analysis, we suppose that this 
asperity is not well resolved in its deepest portion, but it is reliable 
only for its shallowest parts. Moreover, the low coupled area of the 
plane apparently fit with the microseismicity distrib ution, b ut we 
cannot rule out aseismic creeping processes in these areas, since the 
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Figure 9. (a) Rupture scenarios in Southern Calabria based on the proposed interseismic coupling for the SRF-CF f aults surf ace. Each subplot in figure 
indicates a different coupling fraction (from 0.1 to 0.9) and the moment magnitude ( M w ) given by clusters of triangular elements coupled at or above this 
coupling increment. Each cluster is coloured based on M w ; R indicates the corresponding recurrence interval (years) for each coupled cluster. (b) plot describing 
the relation between M w , R and coupled areas of fault (in km 

2 ), for each coupling increment. 
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data resolution seems to be insufficient to determine this, especially 
regarding to the southern asperity. 

Finally, using Wells & Coppersmith ( 1994 ) empirical relation, 
we developed a set of potential rupture scenarios and estimated the 
cor responding recur rence time intervals related to the fault area 
for which the IC is greater than a specific v alues, v arying from 

0.1 to 0.9. Then we inferred that the southern Calabria is acti vel y 
accumulating a total seismic moment rate between 1.5 ×10 16 N 

m yr −1 (considering IC ≥ 0.5) to 2.16 ×10 16 N m yr −1 (considering 
IC ≥ 0.1), respecti vel y equi v alent to an earthquake of 4.7–4.8 M w 

each year. We also estimated the time needed to accumulate the 
energy capable of generating an earthquake of similar magnitude to 
the one that occurred in Febr uar y 1783 ( M w ∼ 7), which is about 
1 300 ± 230 yr according to our slip deficit calculation, consistent to 
previous estimates of the recurrence interval for the studied faults. 
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