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A B S T R A C T   

One major critical issue in seismic hazard analysis deals with the computation of the maximum earthquake 
magnitude expected for a given region. Its estimation is usually based on the analysis of past seismicity that is 
incomplete by definition, or derived from the dimension of faults through empirical relationships with the 
intrinsic uncertainty in source characterization. Here, we propose a workflow aimed at providing a time- 
independent estimate for the maximum possible magnitude based on geological and geophysical evidence. 
Our estimate is also source unrelated as it is constrained by the seismic brittle volume of the crust that scales with 
the effective seismic energy. The seismic brittle volume is calculated considering fault kinematics and rock 
rheology (i.e., the brittle-ductile transition depth) over a grid that covers the entire study area. The maximum 
earthquake magnitude is calculated at each point of the grid based on a volume/magnitude empirical rela-
tionship. We apply this model to Italy for which we propose a map of the maximum possible magnitudes. 
Maximum predicted magnitudes are 7.3 ± 0.25 for thrust faulting, 7.6 ± 0.77 for normal faulting and 7.6 ± 0.37 
for strike-slip faulting (± deviation from the mean value calculated at each node). These magnitudes are locally 
higher than the historical record. This could be due to an overestimation of the involved volumes; smaller 
volumes and lower magnitudes may occur where faults are detached at decollements shallower than the brittle 
ductile transition or where they behave aseismically. Alternatively, strong or major earthquakes could be 
possible, but they have longer recurrence time and they have never been recorded yet in Italy. Regardless these 
values are fully reliable or not, the recurrence of earthquakes with the predicted magnitude is related to current 
strain rates. We conclude that a large part of the Italian territory is prone to trigger Mw > 5 earthquakes.   

1. Introduction 

The elastic rebound theory (Reid, 1910), mathematically described 
by Ohnaka (1976), assumes that faults obey regular patterns of 
behavior. This idea, which is based on the assumptions of characteristic 
earthquakes (e.g., Aki, 1984; Schwartz and Coppersmith, 1984) inher-
ently backgrounds the work of earthquake research and forecasting 
since the 20th century. In some cases, the assumption underlying this 
hypothesis, at the base of predictions of maximum magnitudes of indi-
vidual large events used to produce probabilistic hazard maps, is that 
faults are “predictable” in the sense that they tend to rupture with the 
same size and mechanism (e.g. Kammerer and Ake, 2012) and that big 
earthquakes are most likely to strike in seismic gaps. These concepts are 
implicitly time-dependent and practically led to estimations of 

maximum magnitudes mainly based on past seismicity (Atkinson, 2004) 
from catalogs that are incomplete by definition (e.g., Mohammed et al., 
2014; Wyss, 2015). This approach is very diffuse worldwide for the 
preparation of official hazard maps (e.g., the SESAME for Mediterranean 
basin - Jimenez et al., 2001; The United States national seismic hazard 
model – Petersen et al., 2015; the New Zealand national Seismic Hazard 
Model – Stirling et al., 2012). Hybrid approaches to estimate the 
maximum magnitude were proposed in order to bypass the limited time- 
span of seismic catalogs selecting the larger magnitude between that 
reported in the seismic record and that derived from fault dimension 
through empirical relationships (e.g., the European Seismic Hazard 
Model ESHM13 – Woessner et al., 2015; the Italian Seismic Hazard 
Model MPS19 - Meletti et al., 2021; Visini et al., 2021). In the Database 
of Individual Seismogenic Sources of Italy (DISS Working Group, 2021) 
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and the European Database of Seismogenic Sources (Basili et al., 2013) 
maximum magnitude values proposed in the literature from detailed 
studies are also integrated. However, due to earthquakes’ long recur-
rence times, these approaches may fail to consider largest magnitude 
events for a given location because not yet observed, hence producing 
underestimation of the resulting hazard (Scholz, 2019). This typically 
applies to regions uninhabited during historical times and now densely 
populated or where the recurrence time of strong earthquakes is much 
longer than the onset of the seismological record (Trippetta et al., 2019 
and references therein). In fact, seismologists often face with the 
occurrence of unexpected (or uncharacteristic; Geller et al., 2015 and 
references therein) earthquakes that highlight the incompleteness of 
these approaches, which often fail (see Wyss, 2015) to predict both 
earthquakes magnitude, peak ground acceleration and recurrence in-
terval (e.g., Tohoku 2011 Mw 9 instead of the predicted Mw 7.5 char-
acteristic earthquake; Italy 2012 Mw 6.1 produced up to 0.3 g of ground 
acceleration instead of 0.125–0.150 g - 10% in 50 yrs - predicted by the 
official seismic hazard model; Parkfield earthquake expected at 95% 
probability before 1993 occurred in 2004 with ambiguities in location 
and characteristics with respect of what it was predicted). Moreover the 
concept of Maximum Credible Earthquake (MCE) has also been intro-
duced, which is based on seismic history and seismotectonics and is a 
basic ingredient for a neodeterministic technique (NDSHA) to calculate 
the seismic hazard (e.g., Panza and Bela, 2020). 

To avoid the problem of time-dependence, the maximum magnitude 
of earthquakes can be assessed using empirical scaling relationships that 
relate active faults characteristics (generally fault length and/or fault 
slip) to the maximum magnitude expected in case of the rupture of the 
whole length of that fault (Wells and Coppersmith, 1994; Mai and Ber-
oza, 2000; Leonard, 2010, 2014; Thingbaijam et al., 2017; Schirripa 
Spagnolo et al., 2021). In this latter case a big problem is the uncertainty 
in source characterization (e.g., Schwartz, 2018). Criteria for selection 
of active faults are even more markedly subjective. Further, where strain 
rates are low to intermediate and faults are small in dimensions and 
unclear in surface expression of recent activity, the connection between 
faults and earthquakes is not straightforward (Trippetta et al., 2019). 

Here, we propose a model for an alternative methodology to calcu-
late the maximum magnitude expected for a region. The method is based 
on an invariant (on human time-scales) characteristic of the system, that 
is the available brittle volume, thus providing the maximum possible 
magnitude (i.e. the upper energy limit). This way may overcome the 
incompleteness of the seismic catalogs and the uncertainty in source 
characterization, since the effective potential is unrelated to the 
dimension of the faults (see Doglioni et al., 2015; Petricca et al., 2015, 
2018, 2019). The maximum magnitude is calculated at each node of a 
10 km × 10 km regular grid covering the study area and is strictly time- 
independent with recurrence related to strain rates. The present study 
integrates and extends findings of previous papers where the model was 
preliminary applied to extensional areas (Petricca et al., 2015) and 
compressional areas (Petricca et al., 2019) of Italy. In this new version 
we propose a map of maximum possible magnitudes that covers all the 
kinematic regions of Italy (i.e. with extension, compression and strike- 
slip tectonics). Since our map provides a first estimate of the 
maximum magnitude, we preferred to investigate only well-constrained 
tectonic regions. Therefore we excluded Sardinia and Apulia, aware that 
these areas are potentially seismic due to the presence of faults with 
recent tectonic activity (see, for Sardinia, Casula et al., 2001; for Apulia 
Argnani et al., 2001) and moderate earthquakes in historical record with 
Mw ~5 (e.g. south Sardegna 1616; Rovida et al., 2021) or even Mw >6 
(e.g., Salento-Apulia 1743; Galli and Naso, 2008; Nappi et al., 2017). 
Small geodetic rates for these regions (<1 mm/yr; Devoti et al., 2017; 
Farolfi and Del Ventisette, 2017) imply that the recurrence interval of 
large events would be very large. Our map is a step forward with respect 
to previous works because it relies: 1) on a brittle-ductile transition 
depth (BDT) map updated with respect to that proposed in Petricca et al. 
(2015), that is the basis for brittle volumes estimation in extensional and 

strike-slip areas; 2) an updated version - with respect to that proposed in 
Petricca et al. (2019) - of the map of the thrusts decollement depth 
necessary for calculation of brittle volumes in compressional areas; 3) a 
more recent solution for GPS record (Devoti et al., 2017) used to 
compute the BDT depth and to define the annual rates of strain. 

The map of the maximum possible magnitude of Italy is then i) 
compared with maximum magnitudes used to produce the Italian 
Seismic Hazard Model MPS19 (Meletti et al., 2021; Visini et al., 2021), 
and then ii) tested versus the geodetic strain rate with the scope of 
delimiting areas of maximum probability for next moderate/large 
earthquakes occurrence. 

2. Seismotectonics of Italy 

Italy is located along a complex plate boundary where at least three 
main plates (Eurasia, Africa and Adria) interact (Carminati and 
Doglioni, 2012). Recorded earthquakes allow the recognition of exten-
sional, compressional and transcurrent stress fields (Fig. 1). The coex-
istence of these different tectonic regimes is the result of active 
subduction processes building up two mountain chains (Alps and the 
Apennines) and producing the Apennines back-arc extension (Carminati 
and Doglioni, 2012; Malinverno and Ryan, 1986). The Alps (charac-
terized by double vergence and high elevation) and the Apennines 
(verging mostly eastward) belts grew on top of subduction zones char-
acterized by slab hinges converging and diverging relative to the upper 
plates, respectively. The rates of motion at the surface from GPS data are 
in the order of a few mm/yr (Devoti et al., 2017). Contractional defor-
mation concentrates along the front of the Southern Apennines, the 
eastward offshore of Calabria, the south Tyrrhenian Basin and, mainly, 
along the central-northern Adriatic margins and between the Northern 
Apennines and the Southern Alps (Fig. 1). To the west of the active 
Apennines accretionary prism, the Apennines are characterized by 
extensional tectonics. Here, previous contractional structures (thrust 
faults and folds) are crosscut by active normal faults (Carminati and 
Doglioni, 2012). In the frontal accretionary prism and in the backarc 
basin, strike-slip faults mostly play a subsidiary role of transfer zones, 
whereas in the foreland, lithospheric transcurrent faults act as tear zones 
accommodating differential slab retreat in areas where strong earth-
quakes may occur (e.g., the Gargano and the Malta escarpment areas). 

Historical and instrumental catalogs show a dense distribution of 
seismicity in Italy (Fig. 1), that has been struck by numerous moderate to 
strong earthquakes (Rovida et al., 2021). The most energetic earth-
quakes (Fig. 1) are concentrated along the extensional ridge of the 
Apennines where Mw exceeding 6 are frequent (e.g., Colfiorito 1997, 
Mw 6.0 - Amato et al., 1998; Norcia 2016 Mw 6.5 and Amatrice 2016 
Mw 6.0 - Chiaraluce et al., 2017; L’Aquila 2009, Mw 6.3 -Chiarabba 
et al., 2009; Irpinia 1980, Mw 6.8 - Rovida et al., 2021). Large thrust 
earthquakes, though less numerous, were recorded in the eastern Alps 
(Friuli earthquake with Mw = 6.4 in 1976 - Caputo, 1976) and, possibly, 
in the Po Plain (1117, with Mw 6.5, although fault kinematics is not 
constrained - Guidoboni et al., 2005; 2012 with Mw 6.1 - Govoni et al., 
2014). Although its focal mechanism remains unknown, the largest 
historical earthquake ever recorded in Italy has struck southeastern 
Sicily in 1693 (M 7.3 - https://emidius.mi.ingv.it/CPTI15-DBMI15). 

3. Data and methods 

The proposed procedure for the evaluation of the maximum possible 
magnitude, here applied to the Italian region, foresees that, via available 
geological and geophysical data, we define: 1) the extent of areas 
characterized by compressional, extensional and strike-slip tectonics; 2) 
the relationship between length of possible ruptures (Lf) for seismogenic 
faults and the maximum faulting depth (zmax) of related earthquakes - 
that varies from Lf/zmax = 2 to Lf/zmax = 25 depending on the tectonic 
regime and on the strain rate (Doglioni et al., 2015; Petricca et al., 2018; 
Petricca et al., 2019); 3) the maps of the active thrust decollement depth 
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(for compressional area; Petricca et al., 2019 and this study; Table S1) 
and brittle-ductile transition depth (BDT for extensional and strike-slip 
areas; Petricca et al., 2015 and this study; Table S2). In fact, normal 
fault ruptures can propagate through the entire seismogenic crust, 
whereas thrusts frequently flatten along regional detachments and do 
not cut down to the brittle-ductile transition, requiring different defi-
nitions of maximum faulting depth for the two regimes. With parameters 
from points 1) to 3) we calculate 4) the seismogenic brittle volume and, 
by means of empirical relationship 5) the maximum potential magnitude 
based on the potential seismogenic volume. Eventually, 6) regions with 
maximum probability of future moderate/large earthquakes occurrence 
are delimited, depending on the present strain rate. The map of the 
maximum possible magnitude in Italy based on the seismogenic brittle 
volume is finally proposed. 

3.1. Areal extent of compression, tension and strike-slip deformation 

Boundaries of compressional regions (blue boxes in Fig. 1) are 
modified from Petricca et al. (2019) while extensional and strike-slip 
areas (red and green boxes in Fig. 1) are modified from Petricca et al. 
(2015). Homogeneous kinematic areas are defined by integrating the 
location of Apennines and Alps thrust fronts from literature (Carminati 
and Doglioni, 2012; Petricca et al., 2013), GPS data and the geometry of 
composite seismogenic sources from the database of the individual 
seismogenic sources of Italy (DISS - DISS Working Group, 2021). The 
closure of polygons is obtained by considering horizontal GPS velocity 

field along the transects published in Petricca et al. (2015), i.e., selecting 
the points separating extensional/contractional fields along the whole 
study domain. 

3.2. The length - maximum fault depth ratio (C) and dip angles of Italian 
faults 

The first assumption of our method is that fault ruptures show a well- 
defined shape ratio (C) between fault length (Lf) and maximum fault 
depth (zmax), that is dependent on fault-type (extensional, compressional 
or strike-slip). C values are here derived from individual seismogenic 
sources (ISS) given in the DISS database (DISS Working Group, 2021). 
From DISS we selected all the 43 ISSs with thrust/transpressional ki-
nematics (i.e., 45◦ < rake angle <135◦), the 59 ISSs with normal/ 
transtensional kinematics (i.e., 225◦ < rake angle <315◦) and all the 21 
ISSs with strike slip kinematics (i.e., 135◦ ≤ rake angle ≤225◦, rake 
angle ≥315◦ and rake angle ≤45◦). The given values for the minimum 
and maximum source depth (Min depth and Max depth in the DISS 
nomenclature) and the source rupture length (Lf) are used to calculate 
the ratio between fault length and the maximum depth of faulting Lf/ 
zmax = Lf/(Max depth - Min depth). Values for normal faults are 
distributed around Lf/zmax = 1–3 (Fig. 2a), for thrust faults around Lf/ 
zmax = 1–4 (Fig. 2b) while for strike-slip are Lf/zmax = 1–2 (Fig. 2c). Lf/ 
zmax ratio increases with the magnitude and the rupture length. We use 
obtained Lf/zmax ranges (Lf/zmax = 1–3 and Lf/zmax = 1–4 for normal and 
thrust faults respectively) as end-members in the following 

Fig. 1. Focal mechanisms of major instrumentally 
recorded earthquakes in Italy with Mw ≥ 4 
(1997–2021 from the rCMT catalog; Pondrelli et al., 
2006) and (gray squares) earthquakes from the 
CPTI15 catalog with Mw ≥ 4 (from year 1005 to 
2019); the most energetic earthquakes are evidenced 
by blue (compressional), red (extensional), gray 
(unknown) solid circles: 1- Veronese 1117 Mw 6.5; 2- 
SE-Sicily 1693 Mw 7.3; 3- Calabria 1905 Mw 7; 4- 
Calabria 1908 Mw 7.1; 5- Fucino 1915 Mw 7.1; 6- 
Friuli 1976 Mw 6.4; 7- Irpinia 1980 Mw 6.9; 8- Col-
fiorito 1997 Mw 6.0; 9- L’Aquila 2009 Mw 6.3; 10- 
Emilia 2012 Mw 6.1; 11- Amatrice 2016 Mw 6.0; 12- 
Norcia 2016 Mw 6.5. Blue areas represent regions of 
compression associated with the front of the Southern 
Alps fold-and thrust belt and the front Apennines- 
Maghrebian accretionary prism; red areas are re-
gions of Apennines extension and Tyrrhenian back- 
arc spreading; green areas are those dominated by 
strike-slip tectonics. (For interpretation of the refer-
ences to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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computations of the maximum seismogenic volume. The value obtained 
for strike slip faults (Lf/zmax = 1–2) is constrained by very few events 
and is at odds with detailed studies for strike-slip events in Italy (e.g., 
Fracassi and Valensise, 2007; Valensise et al., 2004). For the sake of 
completeness, based on the literature we extended the range for strike- 
slips faults up to Lf/zmax = 3. 

From the same DISS database we extrapolated the maximum and 
minimum fault dip values for the three different regimes that are: 20◦- 
85◦ (normal), 20◦-55◦ (thrust) and 45◦-88◦ (strike-slip); the median 
values are 55◦, 35◦ and 80◦ respectively (Fig. 2d-f). The maximum and 
minimum values are used as upper and lower bounds in brittle volume 
calculation while we consider the medians as the reference value in the 
resulting preferred map of maximum possible magnitudes. However, our 
calculations are extended to different fault dip values. 

3.3. Decollement depth and Brittle-Ductile Transition Depth (BDT) 

The maximum volume that can be activated during the seismic cycle 
is constrained by the depth of the brittle-ductile transition (BDT) or by 
the depth of the decollement of the basal active thrust (Petricca et al., 
2015, 2019). Normal fault rupture tends to propagate upward cutting 
the brittle crust (Carminati et al., 2004). However, normal faults may 
flatten shallower than the brittle-ductile transition depth into low-angle 
faults cutting throughout low friction formations as it occurred in the 
2016–2017 Mw6.5 Amatrice-Norcia central Italy seismic sequence 

(Carminati et al., 2020). Also thrust faults may not necessarily cut down 
to the brittle-ductile transition (Hyndman et al., 1997). It follows that, 
for different seismotectonic areas of Italy (Fig. 1), we utilize two 
different approaches that consider i) the map of the brittle-ductile 
transition (BDT) depth for extensional and strike-slip tectonics, and ii) 
the map of the active thrusts decollement depth for compressional tec-
tonics (Fig. 3). The map of BDT depth is used to calculate brittle volumes 
in the extensional/strike-slip domains and is produced following the 
procedure described in Petricca et al. (2015); is based on the same base 
parameters that are the heat flow (from Della Vedova et al., 2001), the 
crustal thickness (from Mele et al., 2013; Carafa and Barba, 2011), and 
the strain rate. The version of the map presented in this study is 
recomputed considering the last available solution for the strain rate 
(SR) obtained using updated GPS data (Devoti et al., 2017) with respect 
to the old solution used in Petricca et al. (2015). The thickness of the 
brittle layer of the upper crust is calculated on a 10 × 10 km grid based 
on the thermal profile calculated at each node. The map of the 
decollement depth is recomputed from Petricca et al. (2019), integrating 
data from compressional areas of Italy not considered in the previous 
version. The traces of the geological cross-sections utilized in this study 
are displayed in red in Fig. 3 and include datasets from Cassano et al. 
(1986), Merlini et al. (2002), Pezzo et al. (2020), Schönborn (1999), 
Scrocca (2006) and Doglioni and Carminati (2008). 

Due to the fact that the brittle-ductile transition (BDT) depth is 
possibly and locally shallower than the basal thrust depth (Petricca 

Fig. 2. Rupture length (Lf) against the C = Lf/zmax ratio for known a) normal, b) thrust and c) strike-slip sources in Italy (listed in Table S4) colored according to the 
magnitude. C = Lf/zmax increases with the magnitude and the rupture length, as shown by regression lines (black solid lines). Values extrapolated from the DISS 
database regarding the fault dip values observed for the three different regimes. Histograms highlight that the minimum and maximum fault dips are: d) 20◦-85◦

(normal faults), e) 20◦-55◦ (thrust faults) and f) 45◦-88◦ (strike-slip faults). The median values are 55◦, 35◦ and 80◦ respectively. Notice that the maximum and 
minimum values are used as upper and lower bounds in brittle volume calculation (see main text) while we consider the medians as reference for the preferred model 
of the map of maximum possible magnitudes (see Fig. 7). 
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et al., 2019), we compare the BDT depths with the basal thrust depths 
selecting at each node of the compressional areas the shallower value. 
The BDT is shallower than the basal thrust depth in the southern Tyr-
rhenian Sea (off-shore Sicily). 

3.4. The seismogenic brittle volume 

The maximum volume that can be mobilized by a fault during the 
coseismic stage is quantifiable a priori. It is possible to approximate it to 
a triangular-base prism since it describes the deformed epicentral area 
determined by the volume size and the related fault length, depth and 
dip (Petricca et al., 2021). The volume of the prism can be obtained by 
considering the length of a hypothetic master fault, that is proportional 
to C (length - fault depth ratio; see section 3.2), multiplied by the 
maximum faulting depth zmax (BDT or decollement depth) and by a 
conjugated fault dipping 90◦ opposite to the master fault (see Petricca 
et al., 2015 and Petricca et al., 2019 for better explanation). Brittle 
volumes are calculated over a regular grid of 10 km × 10 km for the 
whole Italian territory. This approach aims at constraining the upper 
limit of the seismic energy potentially available for a given region (i.e. 
the maximum possible brittle volume) irrespective of the detail of 
knowledge of the area (e.g., the presence of blind seismogenic faults or 
fault inactivity longer than historic record are overcome). The height of 
the prism is assumed to be equal to the BDT depth for normal and strike- 
slip faults and to the active decollement depth for thrust faults. The 
volume is calculated using the relationship (Petricca et al., 2019): 

1

)

V =
C

2
z3

max[cot(α) + cot(90 − α) ]

where α is the fault dip (20◦ to 55◦ for thrust, 20◦ to 85◦ for normal 

and 45◦ to 88◦ for strike-slip faults), zmax is the deepest tip of the acti-
vation of a seismogenic thrust or the BDT depth along a seismogenic 
normal or strike-slip fault, C is the Lf/zmax ratio (1 to 4 for thrust, 1 to 3 
for normal and strike-slip faults). Brittle volumes up to about 1.7•104 

km3 are obtained in compressional areas assuming a fault dip of 35◦ (i.e. 
the median value characterizing active thrusts in Italy) and considering 
C = 4. Brittle volumes up to 7.8•104 km3 are obtained in extensional 
areas assuming a fault dip of 55◦ (i.e., the median value) and considering 
C = 3. Brittle volumes up to 6.4•104 km3 are obtained in strike-slip areas 
assuming a fault dip of 80◦ (i.e., the median value) and considering C = 1 
(Fig. 4). The full range of variation of maximum brittle volumes ob-
tained by changing initial parameters (fault dip angles α and shape ratio 
C) are summarized in Table 1 and collected in Table S3. 

3.5. Maximum potential magnitude and tectonic regime 

In extensional settings, gravity favors faulting because, according to 
Anderson’s model (Anderson, 1951), the maximum stress axis is 
approximately parallel to the lithostatic load. The lithostatic load rather 
buffers (i.e., counteracts) the elastic energy accumulated during the 
interseismic period in thrust or strike-slip faulting. The elastic rebound is 
commonly considered as the main model for earthquake generation, 
being inferred as the mechanism dissipating the elastic energy accu-
mulated during the interseismic period. This is likely true for contrac-
tional and strike-slip tectonic settings, but in extensional environments, 
the influence of gravity may rather be dominant (Doglioni et al., 2011; 
Bignami et al., 2020). The occurrence of different mechanisms con-
trolling earthquakes in different tectonic settings must be considered 
when calculating magnitudes expected from a potential brittle volume. 
A linear correlation was proposed between earthquake magnitudes and 

Fig. 3. Map of the brittle-ductile transition depth 
(after Petricca et al., 2015) plotted for extensional 
(bordered in light red) and strike-slip (bordered in 
green) areas merged with the map of the maximum 
thrust faulting depth calculated for compressional 
areas of Italy (after Petricca et al., 2019). Traces of 
geologic sections used for decollement depth defini-
tion in Petricca et al. (2019) are reported in dark 
gray; traces of new geologic sections from Cassano 
et al. (1986), Merlini et al. (2002), Pezzo et al. 
(2020), Schönborn (1999) and Scrocca (2006) inte-
grated in this study are reported in red. (For inter-
pretation of the references to colour in this figure 
legend, the reader is referred to the web version of 
this article.)   

P. Petricca et al.                                                                                                                                                                                                                                 



Tectonophysics 836 (2022) 229405

6

the logarithm of the seismogenic volume (Bath and Duda, 1964; Petricca 
et al., 2015, 2019). The maximum potential magnitude (M) can be 
calculated as (Bath and Duda, 1964): 

2

)

MBD = log (V) − 9.58

/

1.47  

where V is the brittle volume in cm3. MBD is appropriate for thrust and 
strike-slip areas, but it does not consider the role of the gravitational 
potential, that is dominant in extensional tectonic, for which we can 
introduce the potential residual energy RU: 
3) RU = ρVg(1 − μ cosα)us  

where ρV is the mass of a volume V (km3) having density ρ (we adopt 

average value for continental crust 2600 kg/m3; Dziewonski and 
Anderson, 1981); μ is the fault friction coefficient (0.6 according to 
Byerlee, 1978), us the average coseismic slip (in m) and α the assumed 
fault dip. For extensional areas, the maximum possible magnitude is 
calculated as (Choy and Boatwright, 1995): 

4

)

MCH =
2

3
log(RU × rc)–3.2  

where rc is the seismic radiation coefficient (Aki and Richards, 1980) 
here assumed equal to 1.0 (Choy and Boatwright, 1995; Doglioni et al., 
2011). Since the gravity force must be considered in extensional tec-
tonics we calculate MCH for extensional areas. MBD is more appropriate 
to be computed in thrust and strike-slip areas. 

Petricca et al. (2018) showed that for thrust tectonics (i.e., where 
elastic force dominates) a given brittle volume has a potential magni-
tude that increases by 1 when the shortening rate is 10 times faster. Italy 
(excluding volcanic areas) is characterized by strain rates in the range of 
1 to 5 mm/yr (Devoti et al., 2017). We used velocities interpolated from 
Devoti et al. (2017) (Fig. 5) to correct the maximum magnitudes pre-
dicted in compressional and strike-slip areas. The velocity has been 
normalized in the 0–1 range and added to the magnitude obtained by 
volumetric constraints. Eventually, we get that the maximum magnitude 
predicted by our model depends on the brittle volume plus the gravi-
tational potential in extensional areas and on the brittle volume plus the 
strain rate in compressional and strike-slip areas. The difference in 
methodology is consistent with the fact that, in the brittle volume - 
predicted magnitude diagram of Fig. 6, the magnitudes calculated at 
each node with our preferred model are aligned along a curve for 

Fig. 4. Map of the brittle volumes of the Italian territory involved in compressional, extensional and strike-slip areas. Brittle volume is calculated assuming the 
following fault dip α and C = Lf/zmax (i.e. fault length - maximum faulting depth ratio): α =35◦ and C = 4 (thrust faults); α =55◦ and C = 3 (normal faults); α =80◦ and 
C = 1 (strike-slip faults). This map represents the brittle volume that can be mobilized during earthquakes by hypothetical faults. 

Table 1 
Calculated brittle volumes and Maximum possible Magnitudes for normal (N), 
thrust (T) and strike-slip (SS) faults depending on initial parameters assumption 
(fault dip angle and Lf/zmax ratio C).   

Brittle volume (km3•104) 
(dip angle; Lf/zmax) 

Maximum possible magnitude  

Rangemin Rangemax Rangemin Rangemax 

N 0.01–3.8 
(α = 20◦ ; C = 1) 

0.01–42.3 
(α = 85◦; C = 3) 

4.3–7.1 
(α = 20◦; C = 1) 

4.1–8.7 
(α = 85◦; C = 3) 

T 0.0001–0.4 
(α = 55◦ ; C = 1) 

0.0001–2.6 
(α = 20◦; C = 4) 

3.8–7.4 
(α = 55◦; C = 1) 

3.9–8.0 
(α = 20◦; C = 4) 

SS 0.01–2.2 
(α = 45◦ ; C = 1) 

0.2–25.3 
(α = 85◦; C = 1) 

5.6–7.6 
(α = 45◦; C = 1) 

6.0–8.0 
(α = 85◦; C = 1)  
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extensional tectonic settings (red curve), while for compressional and 
strike-slip tectonic settings, for which the same brittle volume can pre-
dict different magnitudes depending on the strain rate, the calculated 
magnitudes occur in bands (blue for compression; green for strike-slip). 

4. The maximum potential magnitude of Italy 

The map of magnitudes calculated from maximum brittle volumes is 
presented in Fig. 7 for well constrained areas of Italy (compressional, 
extensional and strike-slip areas; Table S3) assuming the following 
values for geometric parameters: a fault dip of 35◦ (thrust), 55◦ (normal) 
and 80◦ (strike-slip), Lf/zmax = 4 (thrust), Lf/zmax = 3 (normal) and Lf/ 
zmax = 1 (strike-slip). According to the model presented here, the 
maximum potential magnitude in regions under tension ranges between 
4.5 and 7.6. Magnitudes between 4.3 and 7.1 are obtained considering 
Lf/zmax = 1 while magnitude range increases to 4.1–8.7 considering Lf/ 
zmax = 3 and increasing the fault dip to 85◦ (Fig. 8a and Table 1). The 
maximum magnitude is predicted along the Apennines axis, i.e. where 
the brittle layer is thicker (Fig. 3) and the most recent energetic normal 
earthquakes of Italy are concentrated (e.g. Colfiorito 1998 Mw = 6.0; 
Norcia Mw = 6.5 and Amatrice Mw = 6.02016; L’Aquila 2009 Mw =
6.3; Irpinia 1980 Mw = 6.9). Even larger earthquakes characterize the 
Southern Apennines area, with historical events that reached magni-
tudes up to 7.3 (see section 2 for references). 

In thrust-fault settings, a 3.8–7.8 potential magnitude range is ob-
tained (Fig. 7); maximum potential magnitude range decreases to 
3.8–7.4 assuming minimum Lf/zmax = 1 and maximum fault dip of 55◦. A 
3.9–8.0 Mw range is obtained assuming Lf/zmax = 4 and fault dip of 20◦

(Table1). The maximum magnitudes are predicted where the 

decollement depth (zmax) is deeper (Fig. 3): the front of the Apennines 
accretionary prism in the Po Plain (where the Emilia sequence took 
place in 2012 with Mw 6.1 and Mw 6 earthquakes); the Eastern Alps 
where the Mw 6.4 Friuli 1976 earthquake occurred. Magnitudes 
decrease moving toward the Adriatic Sea and the Ionian Sea (i.e., at the 
external thrust front). The southeast offshore Calabrian accretionary 
prism (notice that catalogs report only small earthquakes for this region) 
suffers from the absence of GPS data on the Ionian Sea used to inter-
polate the velocity field considered for magnitude calculation (great 
error due to unconstrained interpolation). This results in a very noisy 
map in those areas and where the larger magnitudes are predicted for 
thrust settings. Moderate seismicity (4 < Mw < 5.5) is recorded in the 
South Tyrrhenian Sea. The calculated maximum potential magnitude is 
consistent with the strongest thrust-fault earthquake known from his-
torical catalogs (Mw 6.5 occurred in 1117 along the Southern Alps front; 
Guidoboni et al., 2005). 

Maximum magnitudes in strike-slip areas are expected to vary be-
tween 5.6 and 7.6 (Fig. 8a). Considering a minimum fault dip angle of 
45◦, consistent with observations, the range decreases to 5.3–7.3 while it 
increases to 6.0–8.0 in case of faults dipping 85◦ and Lf/zmax = 3 
(Table 1). A magnitude value of 6.7 is reported for the most energetic 
strike-slip earthquake in Italy (the 1627 Gargano earthquake Mw 6.6 ±
0.10; Rovida et al., 2021). Further, M ≥ 6 has been experienced several 
times in southern Apennines and Sicily (Daunia 1361 Mw = 6.0; Gar-
gano 1646 Mw = 6.7; Tavoliere delle Puglie 1731 Mw = 6.3; Melfi 1851 
Mw = 6.5; Gondola 1893 Mw = 5.4; Patti gulf 1978 Mw = 6.1 - Rovida 
et al., 2021). 

Fig. 5. Strain rate from GPS velocity (after Devoti et al., 2017) used to calculate maximum magnitudes of Fig. 7 for compressional and strike-slip areas of Italy.  
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5. Discussions 

The model presented here is based on the potential brittle volume 
concept and is time independent, i.e., magnitudes are calculated using 
physical parameters, regardless of the seismic catalogs. Our model 
provides a basis for seismic hazard assessment, alternative to those so far 
used as input required for the following techniques (e.g., PSHA, DSHA, 
NDSHA). The leading concept is that the brittle volume, during the 
interseismic period, is an accumulator of seismic energy, which is 
entirely dissipated at the coseismic stage. This energy is mainly elastic 
for thrusts and strike-slip faults, whereas it is gravitational for normal 
faults (Doglioni et al., 2015; Petricca et al., 2015, 2019, 2021). After 
calculating the volume potentially involved in faulting, it is possible to 
derive (by means of empirical relationships) the associated earthquake 
magnitudes (Bath and Duda, 1964; Petricca et al., 2015; Petricca et al., 
2019). 

Our results show that maximum possible magnitude increases with 
the assumed shape ratio factor (C) and with increasing fault dip angle in 
extensional and strike-slip settings, whereas it increases for decreasing 
fault dip angles in compressional settings (Table 1 and Table S3) as 
shown in Petricca et al. (2021). Predicted magnitudes vary in the range 
of ±0.77, ± 0.37 and ± 0.25 for normal, strike-slip and thrust fault 
earthquakes respectively. Magnitudes calculated at each node of our 
model grow exponentially with respect to brittle volume for normal 
faulting (red curve in Fig. 6). In the case of thrust and strike-slip faulting 
the magnitude calculated for a same brittle volume depends on the strain 
rate (i.e. the faster the deformation the larger the magnitude), and the 
exponential growth of the curves depicts bands instead of a simple curve 
(blue and green bands for compression and strike-slip respectively in 

Fig. 6); the wider the band the larger the range of variation in the strain 
rate and, consequently, the predicted magnitude. Lower values for the 
maximum possible magnitude are obtained in the thrust fault setting 
(Fig. 8a) since the decollement depth is on average shallower (≈1–17 
km) than the BDT depth (≈4–23 km). Furthermore, the smaller 
magnitude observed in compressional areas are also due to lower strain 
rates than in extensional settings (Petricca et al., 2018). The predicted 
magnitudes are sensitive to the choice of initial parameters (fault dip [α] 
and geometry [Lf/zmax]) and to the tectonic regime. In fact, our map is 
intended as a fitting model with respect to a spectrum of variation of 
possible magnitude values. The total range of variation of predictions 
(Fig. 8a) is wider for normal faulting (up to 1.5 points for large mag-
nitudes) than for strike-slip and thrust faulting (less than 0.8 points). The 
prediction of our preferred model (black line in Fig. 8a) is centered on 
the error band (green) related to strike-slip areas, whereas it is shifted to 
the lower part of the error band (red) for extensional areas, and to the 
upper part for compressional areas (blue band). Consequently, the 
maximum positive errors occur for normal faults (Fig. 8b) and the 
maximum negative errors for thrust faults (Fig. 8c). 

Based on our best model, we perform a quantitative comparison 
among maximum magnitudes predicted by the present study with those 
1) from seismic catalogs (CPTI15v3.0 - Rovida et al., 2021; CFTI5Med - 
Guidoboni et al., 2019), 2) from fault length-magnitude empirical re-
lationships (Trippetta et al., 2019) and 3) from integrated studies (DISS 
3.3.0 – DISS Working Group, 2021).  

1) Model results are tested against the Italian seismicity with Mw ≥ 5.0 
and depth ≤ 30 km collected in the CPTI15v3.0 (Rovida et al., 2021) 
covering the 1005–2019 time interval and the CFTI5Med (Guidoboni 

Fig. 6. Volume vs predicted magnitudes. The calculated magnitude at each node of the preferred model depends on the tectonic regime. In case of extensional 
tectonics, where the magnitude depends on the brittle volume and the gravitational potential, the graph is a curve (red curve). For compressional and strike-slip 
tectonics the same brittle volume can account for different values of maximum magnitudes depending on the strain rate, and the graphs occupy bands (blue for 
compression and green for strike-slip). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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et al., 2019) covering the 0–1997 time interval (Fig. 9a). The dif-
ference (ΔMw) between magnitudes predicted by our model and 
observed magnitudes for the whole study domain are plotted in Fig. 9 
against magnitude and year of occurrence of each event. The ma-
jority of historical/instrumental earthquakes are in agreement with 
predictions of our model (Fig. 9b-c). In some cases, the model, 
intended to predict maximum magnitude for a given location, 
overestimates magnitude of observed events. The model un-
derestimates by 0.1–0.2 the magnitude of a few events along the 
Apennines chain and in the Tyrrhenian Sea, plus two events in Sicily. 
The magnitude of a thrust event occurred in 1117 (Veronese earth-
quake Mw 6.5 in Po Plain – Guidoboni et al., 2005) is underestimated 
by ≈0.28.  

2) Trippetta et al. (2019), assuming that any fault can in principle be 
reactivated, compared the maximum magnitudes obtained by an 
extensive compilation of faults in Italy assessed by means of empir-
ical relationships (Fault Length Earthquake Magnitude - FLEM) with 
magnitudes from national seismic catalogs. Their results show in 
most cases a good agreement between predicted and observed 
magnitudes, with differences that are in the ±1.0 range (in well- 
constrained areas) but almost always underestimating the observed 
value for Mw ≥6.5 (see their Fig. 13). By comparing magnitudes 
predicted by our study with FLEMs in Trippetta et al. (2019), it fol-
lows that magnitude estimates are larger for our model when Mw >
7.0, while larger FLEMs are given when Mw < 6.0. A good agreement 
between the two models is observed for 6.0 < Mw < 7.0, where the 
regression lines intercept the reference line (Fig. 10). The reason for 
underestimation of low magnitudes is that magnitudes obtained from 
fault lengths suffer the impossibility to resolve fault continuity and 
segmentation (i.e., the faults used for magnitude by Trippetta et al., 

2019, could be segmented). In addition, the underestimation can be 
due to the lack of knowledge where detailed geologic studies (i.e. 
better estimates of fault dimensions) are not available. 

3) Comparing our results with maximum magnitudes assigned to indi-
vidual seismogenic sources (ISSs) of the DISS (DISS Working Group, 
2021 – Table S4) the following strengths and weaknesses of our 
method emerge (Fig. 11a-b). Pros: i) as conservative as they were 
intended to be, our predicted magnitudes are larger than those of 
earthquakes that occurred both in historical and instrumental 
epochs. This is especially true for normal and strike-slip earthquakes 
whose magnitude mainly depends on the BDT depth, well-defined for 
the Italian territory; ii) the overestimation with respect of magni-
tudes defined for historic and instrumental events decreases moving 
from high (max overestimation ≈ +1.5) to low (max overestimation 
≈ +0.5) magnitude earthquakes (see colored lines in Fig. 11a-b). In 
few cases, the magnitudes reported in the DISS ISSs are larger than 
those predicted by our model. However, these earthquakes are 
associated with sources that produced their last earthquake before 
the XIX century. Overall, our model overestimates magnitudes and, 
consequently, should account also for uncharacteristic earthquakes 
(e.g. Geller et al., 2015 and references therein); iii) in Italy larger 
magnitudes are predicted for normal, intermediate for strike-slip and 
lower for thrust faults earthquakes, fitting DISS predictions. Cons: an 
underestimation of large magnitudes (M > 6.0) emerges for thrust 
fault earthquakes. Worth of notice is that thrust earthquakes larger 
than 6.5 are still not recorded instrumentally, so far. It cannot be 
excluded that such inconsistency may result from the overestimation 
of magnitudes in historic catalogs based on macroseismic estimation. 
Our underestimation could also be related to large error (− a few km) 
in the definition of the maximum thrust decollement depth (see 

Fig. 7. Map of the maximum potential magnitude 
(M) predicted for the Italian territory due to normal, 
thrust and strike-slip faulting. M is calculated starting 
from the brittle volume and using the equation in 
Bath and Duda (1964) for thrust and strike-slip faults 
(governed by elastic energy) and the equation in 
Petricca et al. (2015) for normal faulting (governed 
by gravitational energy). Results assume the 
following fault dip α and C = Lf/zmax (i.e. fault length 
- maximum faulting depth ratio): α =35◦ and C = 4 
(thrust faults); α =55◦ and C = 3 (normal faults); α 

=80◦ and C = 1 (strike-slip faults).   
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Petricca et al., 2019). Notice that each individual seismogenic source 
(ISS) of the DISS is associated with a composite seismogenic source 
(CSS) that may include one or more individual sources characterized 
by homogeneous parametrization (see Basili et al., 2008 for details). 
In the last release of the DISS (v3.3.0) a new magnitude for CSSs is 
calculated based on scaling relation from Leonard (2014), a step in 
the direction of an increase in the maximum magnitude values. In 
Fig. 11c and d, we provide another comparison between magnitudes 
predicted by our preferred model and the magnitude assigned to 
composite seismogenic sources (CSS), highlighting how the differ-
ences between the two models are in the range of ±0.5. 

The Italian Seismic Hazard Model MPS19 (Meletti et al., 2021; Visini 
et al., 2021) estimates the maximum magnitude for 18 tectonically ho-
mogeneous macro-areas by selecting the maximum value reported in the 
CPTI15 catalog (Rovida et al., 2021) and the value reported in the ISS of 
the DISS database (DISS Working Group, 2021), assigning to each area 

the largest value between the two magnitudes. This raises the point of 
what level of hazard must be considered, that is a questionable and 
subjective decision especially in PSHA, since improper selection of pa-
rameters may lead to either unsafe or overly conservative designs. As it 
emerges from this discussion, the maximum magnitude is a prime 
parameter that, in our opinion, should be as conservative as possible as 
our method has demonstrated to be. Our model tendency to over-
estimation of magnitudes may occur because of involved brittle volumes 
smaller than expected. This may be due to faults detached at levels 
shallower than the brittle ductile transition, or to fault aseismic 
behavior. Further, the calculation for extensional tectonic regimes de-
pends on the radiation coefficient that we kept equal to 1.0 but could be 
much smaller (down to 0.03; Choy and Boatwright, 1995), thus reducing 
the magnitude value by ≈1. However, strong or major earthquakes 
should not be excluded as in case they could have longer recurrence time 
(not recorded yet). 

In seismic areas earthquakes recurrence depends on the velocity at 

Fig. 8. a) Range of variation of predicted magnitudes (red band = normal; blue band = thrust; green band = strike-slip) for different initial parameters varied from - 
MINIMUM: α =55◦ and C = 1 (thrust faults); α =20◦ and C = 1 (normal faults); α =45◦ and C = 1 (strike-slip faults); − MAXIMUM: α =20◦ and C = 4 (thrust faults); α 

=85◦ and C = 3 (normal faults); α =85◦ and C = 3 (strike-slip faults). b) and c) show the positive and negative range of variation in predicted magnitudes when 
varying the initial parameters. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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which deformation, currently, takes place. Low magnitude earthquakes 
occur at all observed strain rates, while larger magnitudes occur at low 
strain rates only. In fact, Riguzzi et al. (2012) observed for Italy that past 
earthquakes with magnitudes >5.0 occurred where geodetic strain rate 
(SR) is <20 nanostrain/yr, while M is limited to 5.0 where SR > 20 
nanostrain/yr. Further, SR =40 nanostrain/yr is, for Italy, the bound 
value separating areas characterized by significant seismic activity from 
those affected by background seismicity (Riguzzi et al., 2012). However, 
small strain rates imply that the recurrence interval of large events 
would be very large. 

According to Riguzzi et al. (2012) future earthquakes are more likely 
to occur sooner in regions with low SR (i.e., regions having the same 
tectonic regime and geodetic velocity, but relatively lower strain; gray 
areas in Fig. 12), having longer recurrence time for contractional set-
tings (Riguzzi et al., 2012). High strain rates (>20 nanostrain/yr) lead to 
lower probability to generate strong earthquakes soon and are observed 

in regions struck by important seismic sequences in the last century (i.e., 
Friuli 1976 in the Eastern Alps; Emilia 2012 in the Po Plain; Fucino 
1915, Irpinia 1980, Colfiorito 1997, L’aquila 2009 and central Italy in 
2016 along the Apennine extensional belt, 1905–1908 in Calabria and 
Sicily; see Fig. 1 and red areas in Fig. 12). This information can be in-
tegrated with our Mmax predictions. In terms of hazard, we expect large 
earthquakes to occur in low strain rate areas only if there is a potential of 
Mw > 5 in our map. Large magnitudes are expected due to low strain 
rate in the compressional part of northern Italy (5 < Mw < 6.5). Earth-
quakes of magnitude 5 < Mw < 6.5–7.0 are expected in central Calabria 
(extension) and Ionian off-shore (compression) where the higher strain 
is recorded in the accretionary prism of the Calabria subduction. Mag-
nitudes between 5.8 and 6.0 are likely to occur in contractional regions 
in the Adriatic Sea. Notice that slow strain rates are associated with 
shallower depth of the decollement layer for thrusts (Petricca et al., 
2018), hence limiting the maximum value for earthquake magnitudes. 

Fig. 9. a) Italian seismicity in the 0–2019 019 time-window with Mw ≥3.5 and depth ≤ 30 km (from CPTI15v3.0; Rovida et al., 2021 [circles] and CFTI15Med; 
Guidoboni et al., 2019 [squares]) used to test model results. For the whole study domain, the difference (ΔMw) between predicted magnitudes and observed 
magnitudes are plotted vs magnitude and year of occurrence of each event (graphs in the lower part) for d) CPTI15 and e) CFTI catalogs. The model overestimates 
low magnitudes more in case of extensional events (red circles) with respect to thrust events (blue circles). Notice that model predictions do not correlate with the 
year of occurrence following the significant increase of observations. Gray bars indicate the error associated with observed magnitude estimation available in 
CPT115v3.0 but not in the CFTI5Med. b) and c) deltas of predicted magnitudes minus observed magnitudes for the whole study domain show regions where our 
model underestimates (red points) or correctly predicts (green points) the observed magnitudes. Few events align along the Apennine and in the Tyrrhenian Sea plus 
two events in Sicily underestimating in the order of 0.1–0.2. One thrust event that occurred in 1117 (Veronese earthquake Mw 6.5 in Po Plain) is underestimated by 
≈0.28 point of magnitude. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Further, a thin crust prevents the occurrence of crustal earthquakes with 
Mw > 5 in the extensional setting of the Tyrrhenian Sea. 

It should finally be noted that there are few regions along the central- 
northern Apennines extensional chain where Mw7 are predicted by our 
model, and that have not yet experienced strong earthquakes in the 
recent period (compare gray areas in Fig. 12 with the same points in 
Fig. 7). These areas are located north of the 1997, 2009 and 2016 seismic 
sequences of Central Italy (events 8, 9, 11 and 12 in Fig. 1). Notice that 

the definition of the strain rate strictly depends on the GPS network 
density, accuracy, time-span and it is not homogeneous within the ter-
ritory. This makes our indication just preliminary with no intentions to 
provide a time for the occurrence of the next earthquake. 

6. Conclusions 

A theoretical model aimed at providing values for the maximum 

Fig. 10. Comparison between magnitudes obtained from fault length - magnitude scaling relationships (FLEM - Fault Length Earthquake Magnitude) by Trippetta 
et al. (2019) compilation and magnitudes obtained at the same location from our calculations presented in Fig. 7. Regression lines are represented with dotted traces 
colored according to the faulting regime. 

Fig. 11. a) Comparison between magnitudes obtained from DISS compilation considering Individual seismogenic sources (DISS Working Group, 2021) and mag-
nitudes obtained at the same location from our calculations presented in Fig. 7. Regression lines are represented with dotted traces colored according to the faulting 
regime. b) Differences between our model and the DISS model are plotted versus the year of last occurrence of the earthquake triggered by the considered seis-
mogenic source. c) and d) Same comparison between our results and magnitudes obtained from DISS compilation, in this case considering the Composite Seis-
mogenic Sources. 
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possible magnitude is proposed and applied to the Italian area. The 
maximum possible magnitude is calculated on available brittle volumes 
obtained considering active thrusts decollement depths (in compres-
sional areas) or brittle-ductile transition depths (in extensional and 
strike-slip areas). Maximum magnitudes depend on elastic energy and 
therefore on strain rates for thrusts and strike-slip faults, and on gravi-
tational energy for normal faults. The magnitudes are proportional to 
the ratio between fault lengths and the maximum depth of faulting. The 
Maximum magnitudes are calculated utilizing empirical relationships 
and presented in a single map. The largest predicted values are 7.3 ±
0.25 for thrust faulting, 7.6 ± 0.77 for normal faulting and 7.6 ± 0.37 
for strike-slip faulting. These values are higher with respect to the largest 
magnitude of thrust (Mw 6.5–6.7), normal (7.3) and strike-slip (Mw 6.7) 
related earthquakes recorded in Italy. This could be interpreted as 
related to two possibilities, i.e., 1) an overestimation of the computed 
volume due, for example, to decollement layers shallower than the BDT, 
or 2) a longer recurrence time of strong and major earthquakes that have 
not yet occurred in the Italian historical record. The occurrence of 
earthquakes with a given magnitude may be related to current strain 
rates. The combination of our map of maximum possible magnitude with 
the map of current strain rates by Devoti et al. (2017) shows that a large 
part of the Italian territory is prone to earthquakes with M > 5 in the 
near future. 
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