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Chapter

Tectonics and Seismicity in the 
periAdriatic Zones: Implications 
for Seismic Hazard in Italy
Enzo Mantovani, Caterina  Tamburelli, Daniele Babbucci, 

Marcello Viti and Nicola Cenni

Abstract

The recognition of the seismic zones most prone to next major earthquakes 
in Italy would considerably help the choice of the most efficient prevention plan. 
This work describes an attempt to gain reliable information about that problem 
by exploiting the knowledge about the short-term development of the ongoing 
tectonic processes in the study area and its influence on the spatio-temporal 
distribution of major shocks. In the periAdriatic zones, such distribution is 
connected with the progressive northward displacement of the Adria plate, that 
is controlled by the progressive activation of the decoupling fault systems in 
the surrounding belts (Dinarides, Apennines and Eastern Southern Alps). The 
reliability of this hypothesis is evaluated by analysing the seismic histories of the 
periAdriatic zones. The regularity patterns that are tentatively recognised in such 
histories are used to identify the most probable location of next major shocks. 
Further insights into the present seismic hazard in the Southern Apennines 
and Calabria are tentatively inferred from tectonic connections between 
these regions and other periAdriatic zones, suggested by the seismic histories 
in the last 2–4 centuries and the geodynamic/tectonic context in the central 
Mediterranean area.

Keywords: seismic hazard, tectonics, Apennines, Italy, deterministic approach

1. Introduction

It is well known that seismic activity in the periAdriatic zones (Figure 1) is 
related to the interaction of the Adriatic plate (Adria hereafter) with the surrounding 
belts (Figure 2).

Stressed by the convergence of the confining structures, Adria tries to move 
roughly northward [10–12, 14–16].

This gradual displacement is allowed by the activation of the decoupling fault 
systems located along the lateral boundaries of Adria (Dinarides and Apennines) 
and in the northern front of that plate, in the Eastern Southern Alps. The cen-
tral and southern Dinarides and the Eastern Southern Alps are characterised 
by thrust faults while a dextral transpressional regime prevails in the northern 
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Figure 2. 
Tectonic sketch of the Adriatic region (e.g., [10–12]). The main wedges in the eastern sector of the Apennine 
belt are evidenced by colours (inset). See text for explanations. The proposed kinematic pattern with respect to 
Eurasia [13, 14] is indicated by red empty arrows. 1) Compressional, 2) extensional 3) transcurrent features, 
4) Outer fronts of Neogenic belts. Am = Amatrice fault system, Aq = L’Aquila fault system, AVT = Alta 
Valtiberina trough, CSD = Central-Southern Dinarides; ESA = Eastern Southern Alps; ET = Enza-
Taro thrust, FBF = Ferrara buried folds, Fu = Fucino fault system; Ga = Garfagnana, Lu = Lunigiana, 
LuA = Lucanian Apennines, Ma, Be, Ir = Matese, Benevento and Irpinia fault systems, ND = Northern 
Dinarides, No-Cf-Gu = Norcia-Colfiorito-Gubbio fault system; OV = Olevano-Antrodoco-Sibillini transversal 
thrust, RA = Rimini-Ancona thrust front, Re = Reno thrust, Rom = Romagna fault system, Se = Secchia thrust, 
Si = Sillaro thrust, SV = Sangro-Volturno oblique thrust, UV = Umbra valley.

Figure 1. 
Major earthquakes (red circles, M ≥ 5) since 1000 A. D in the periAdriatic zones [1–9].
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Dinarides e.g., [17–21]. The decoupling mechanisms along the western Adria 
boundary (Apennines) are more complex [10–12, 16], due to the presence of a 
shallow crustal structure (eastern sector of the chain, coloured in Figure 2), that 
is moving independently from Adria and the western (Tyrrhenian) sector of the 
belt. This tectonic/kinematic context has been determined by the fact that in 
the most recent evolution (Quaternary) the outer chain, stressed by Adria, has 
undergone longitudinal shortening, accommodated by major deformations:

• Strong uplift, recognised in various sectors of the chain [22–25].

• Formation of arcs, as the Campania-Lucania and the Matese-Benevento in 
the Southern Apennines (see [12] and references therein), the Gran Sasso 
in the Central Apennines [26, 27] and the Emilian and Ferrara buried folds 
in the Northern Apennines [28]. This deformation is also suggested by the 
transition from a cylindrical to a non-cylindrical (arcs) geometry of the 
orogenic accretion e.g., [28].

• The zones of interaction between the main belt sectors are characterised by 
transversal/oblique thrusts, as the Olevano-Antrodoco-Sibillini Mts. and the 
Sangro-Volturno [26, 29, 30].

• Roughly NE ward extrusion of major wedges, with particular regard to the 
Molise-Sannio (MS) and the Romagna-Marche-Umbria (RMU). This process 
is compatible with a large amount of geological evidence reported by Viti et al. 
[12] and references therein).

The divergence between the MS and RMU escaping wedges with respect 
to the inner less deformed belt has caused the formation of extensional and 
transtensional fault systems along the axial part of the chain, where a number of 
troughs has developed. Roughly NW-SE sinistral transtensional and transpres-
sional faults developed in the Lucania Apennines e.g. [31– 34]. Extensional faults 
are recognised in the Irpinia, Benevento and Matese zones, along the inner side 
of the MS wedge e.g., [35, 36]. The L’Aquila and Fucino transtensional fault sys-
tems allow the relative motion between the Lazio-Abruzzi (LA) wedge and the 
inner belt [26, 37–40]. The decoupling of the RMU wedge from the inner belt is 
accommodated by the Norcia-Colfiorito-Gubbio-Alta Valtiberina extensional and 
transtensional fault system and the parallel Umbra Valley trough (e.g., [41–43] 
and references therein). The simultaneous development of uplift and extensional 
features in the belt cannot easily be explained without assuming belt-parallel 
compression as driving force.

The occurrence of several major earthquakes in the Romagna Apennines 
reveals the presence of an important roughly S-N fault system (Rom in Figure 2, 
[44] and references therein, [42, 45]). This discontinuity allows the RMU wedge 
to decouple from the Tuscany-Emilia Apennines sector that is not parallel to the 
Adria plate.

Another evidence consistent with the longitudinal compressional regime in the 
northernmost Apennines is the presence of transverse thrust faults, as the Sillaro, 
Reno, Secchia and Enza-Taro faults [23, 46, 47].

The kinematic field that is suggested by the Quaternary deformation pattern in 
the Apennine belt [11, 48, 49] is compatible with the present displacement field, 
inferred from geodetic GPS data e.g., [11, 50, 51], which indicates that the outer 
Adriatic sector of the Apennine chain is moving faster (4–5 mm/y) and more 
northward with respect to the inner belt (about 1 mm/y).
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2.  Short-term kinematics of Adria and spatio-temporal distribution of 
seismicity in the surrounding belts

In the short-term the northward displacement of Adria does not develop con-
tinuously over time. Each seismic decoupling along the Adria lateral boundaries 
(Dinaric and Apennine belts) triggers the acceleration of the involved Adriatic 
sector e.g., [52–54] These local accelerations induce an increase of stress at the other 
still blocked Adria boundaries, where consequently the probability of earthquake 
occurrence gets higher. When such stressed zones are then affected by major 
shocks, the acceleration involves more northern zones of Adria up to reach the 
thrust front of Adria in the Eastern Southern Alps.

In order to check the above seismotectonic interpretation, we have divided the 
periAdriatic boundary zones in a number of sectors (Figure 3). The eastern lateral 
boundary of Adria includes the Central-Southern Dinarides (CSD in Figure 4), 
and the Northern Dinarides (ND). The western lateral boundary (Apennine belt) 
is divided in more sectors, being characterised by a more complex tectonic setting, 
as discussed in the previous section. The Southern Apennines (SA) are mainly 
characterised by extensional faulting. In the Central Apennines (CA) transtensional 
decoupling fault systems (L’Aquila and Fucino) prevail. The Northern Apennines 
are divided in various sectors, due to their complex tectonic setting, with particular 
regard to the Romagna-Marche-Umbria wedge (RMU). The southern part of the 
western RMU boundary (Norcia-Colfiorito-Gubbio fault system, RMUWB), is 
mainly characterised by extensional faults. Considering the peculiar seismotectonic 
role of the Northern RMU wedge, its boundaries, i.e. the Rimini-Ancona thrust 
front (RA), the Romagna fault (Rom) and the Alta Valtiberina trough (AVT), are 
taken as three independent zones. The Emilia Apennines (EM) is the belt sector that 
lies just north of the RMU wedge. The last sector in Figure 4 (ESA-ND) is the zone 
where the Adria plate underthrusts the Eastern Southern Alps.

Figure 3. 
Geometries of the periAdriatic boundary zones adopted for determining the seismicity patterns shown in 
Figure 4. 1) Central-Southern Dinarides (CSD in Figure 4), 2) Southern Apennines (SA), 3) Central 
Apennines (CA), 4) Southern part of the western boundary of the RMU wedge (RMUWB), 5) Rimini-
Ancona thrust front (RA), 6) Romagna fault system (Rom), 7) Alta Valtiberina trough (AVT), 8) Emilia 
Apennines (EM), 9) Eastern Southern Alps and Northern Dinarides (ESA-ND).
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In the seismicity time patterns shown in Figure 4, we tentatively recognise the 
following peculiar features:

• In the zones considered, most intense seismicity tends to concentrate in short 
periods (crises), separated by longer phases of lower activity.

• The crises tend to occur later and later as the zones involved are located more and 
more to the north, delineating a sort of migrating pattern (seismic sequence).

• A number of sequences may be recognised in the period considered, as tenta-
tively evidenced by grey and white bands and letters (from a to h) in Figure 4.

• The time development of the proposed sequences tends to occur in two phases. 
During the first phase, seismicity mainly affects the southern and central 
Dinarides, the central and southern Apennines and the western extensional 
boundary of the RMU wedge (the Norcia-Colfiorito-Gubbio fault system). 
This phase generally involves several shocks of M ≥ 5.0 in each zone and gener-
ally lasts some tens of years.

• In most cases, the second phase starts with a crisis in the Romagna decoupling 
fault system, followed (within 10–20 years) by the activation of the inner 

Figure 4. 
(A, B) Time patterns of seismic activity in the periAdriatic zones. AVT = Alta Valtiberina trough, 
CA = Central Apennines, CSD=Central-Southern Dinarides, ESA-ND = Eastern Southern Alps and Northern 
Dinarides, EM = Emilia Apennines, RA = Rimini-Ancona thrust front, RMUWB=Southern western boundary 
of the RMU wedge, Rom = Romagna fault system, SA = Southern Apennines. Earthquakes are indicated by 
bars with colours related to magnitude (scale in A and B). Sources of seismicity data in the caption of Figure 1. 
The grey and white bands tentatively include the events that are supposed to belong to the presumed migrating 
sequences, identified by letters (a-h). The geometries of the zones considered and the spatial distribution of 
major shocks in the various sequences are shown in the Figures 3 and 5 respectively.
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(Alta Valtiberina trough) and outer (Rimini-Ancona thrust) boundaries of the 
northern RMU wedge.

• Then, seismic activity mostly involves the main fault systems in the Emilia 
Apennines, the Eastern Southern Alps and the Northern Dinarides, over 
periods of about one-two decades.

• Major earthquakes at the northern Adria front mostly occurred some years after 
the main seismic decouplings around the northern RMU wedge (Figure 4). This 
tendency is consistent with the hypothesis that the release of the RMU wedge 
favours the acceleration of the northern Adria domain [11, 42].

The spatial distribution of the shocks in the 8 sequences evidenced in Figure 4 is 
shown in Figure 5.

In most of the proposed sequences seismic activity took place in all periAdriatic 
zones. Moreover, one could note that when a zone is characterised by low seismicity, 
in the following sequence such zone is often characterised by intense earthquakes. For 
example, in the sequence c the Central Apennines did not experience any event with 
M ≥ 5.0 while strong earthquakes (1646 M = 5.9, 1654 M = 6.3) hit that zone in the 
subsequent sequence. In the Southern Apennines, after a period of low activity from 
1562 to 1687 (only one earthquake with M ≥ 5.0 in the sequences c and d), a phase of 
intense seismicity took place in the following sequence e (1688 M = 7.1, 1692 M = 5.9, 

Figure 5. 
Spatial distribution of major (M ≥ 5.0) earthquakes in the seismic sequences tentatively evidenced in Figure 4. 
Numbers as in Figure 3.
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1694 M = 6.7). The strong 1915 Fucino earthquake (M = 7.1, sequence g) took place 
after a sequence (f) characterised by relatively low seismicity (few events with 
M ≤ 5.5).

3.  Some remarks on the Apennine zones most prone to the next strong 
earthquakes

Taking into account the regularity patterns that we tentatively recognise in the 
seismic sequences so far developed (a-g in Figure 4), we try to gain insights into how 
the last, still ongoing, sequence (h in Figure 4) might develop in the next future. 
In this regard, it must be considered that the first phase of that sequence has so far 
involved several earthquakes in the Southern and Central Dinarides and the Southern 
and Central Apennines. The acceleration of southern Adria triggered by such seismic 
decouplings has presumably stressed and deformed the RMU wedge, increasing its 
tendency to separate from the inner belt. This hypothesis may explain why a number 
of major extensional shocks (1979 M = 5.8, 1984 M = 5.6, 1997 M = 6.0, 5.7, 5.6, 5.5, 
2016 M = 6.2, 6.1, 6.6, [7]) occurred along the western border of the RMU wedge 
(Norcia-Colfiorito-Gubbio fault system). The NE ward acceleration of the southern 
RMU wedge may have emphasised stresses (and thus seismic hazard) at the northern 
boundaries of that wedge (Romagna fault, Alta Valtiberina trough and Rimini-Ancona 
thrust front). Thus, one could expect that the present seismic hazard in such zones 
is higher than in the other Apennine fault systems. This hypothesis is also suggested 
by the fact that the last significant earthquakes (M ≥ 5.3) in the above zones occurred 
about 100 years ago, i.e. a quiescence longer than the  previous ones (Figure 4).

Another zone where tectonic load may currently be high is the Emilia Apennines 
and the related buried folds (Figure 2), since such structures, including the Mugello 
trough, have been stressed by the push of the RMU wedge during the last tens of 
years. The above hypothesis is consistent with the fact that intense earthquakes 
(2012, M = 6.1, 5.9) recently occurred in the Ferrara buried folds (lying outside the 
Emilian Apennines) and that moderate seismicity (M = 4.5) affected the Mugello 
trough on December 2019.

The kinematic field delineated by geodetic data [11, 50, 51] suggests that the 
separation between the inner and outer Apennine belts is developing at rates of 
about 3–4 mm/y, which implies that a displacement of about 30–40 cm has been 
accumulated since the last activations of the fault systems surrounding the northern 
RMU wedge (about 100 years). This displacement is comparable to the fault slip 
associated with a M = 5–6 earthquake e.g., [55].

4.  Present seismic hazard in the Southern Apennines: further evidence 
from a seismotectonic correlation

Further information on the present seismic hazard in the Southern Apennines 
could be inferred from a correlation that has been recognised between the major 
earthquakes in that zone and the ones in the Southern Dinarides [56–61].

The possibility that intense seismic activity in the Southern Apennines may be 
influenced by the occurrence of major shocks in the Southern Dinarides has been 
first suggested by the fact that the strong April 1979 Montenegro event (M = 6.9) was 
followed by the strong November 1980 Irpinia earthquake (M = 6.8) in the Southern 
Apennines (Figure 6). The idea that the above correspondence may be a systematic 
phenomenon was then suggested by the fact that in the last two centuries similar 
correspondences occurred other times (Figure 6B). From the list of events given in 
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this figure, one can note that in the period considered all the shocks with M ≥ 6.0 in 
the Southern Apennines have been preceded within few years (less than 5) by one or 
more earthquakes with M ≥ 6 in the Southern Dinarides. The above correspondence 
does not worsen significantly even if a lower threshold (M = 5.5) is considered, given 
that only one of the 15 Southern Apennine events failed to be preceded by comparable 
events in the Southern Dinarides. The above evidence may indicate that a fault in the 
Southern Apennines cannot easily activate without the contribution of a post-seismic 
perturbation triggered by one or more major shocks in the Southern Dinarides.

Since the probability that such a correspondence merely occurs by chance is 
very small [57, 58], it is plausible to suppose that a close tectonic connection exists 
between the two zones (Figure 6C). The occurrence of a major seismic slip at a 
thrust fault beneath the Southern Dinarides, such as the one that developed with the 
1979 Montenegro event (estimated to be 1–2 metres, e.g. [63]), implies a comparable 
displacement of the adjacent Adria domain, which causes a reduction of vertical 
flexure in the southern Adriatic domain, as sketched in the section of Figure 6. Such 
process is expected to induce extensional strain in the Southern Apennines, which may 
favour the activation of the belt-parallel normal faults recognised in that zone, as for 
instance the one that generated the 1980 strong earthquake in the Irpinia zone e.g., [35, 
64]. This hypothesis is confirmed by the results of numerical modelling of the strain 
perturbation that was presumably induced in the Irpinia zone by the 1979 Montenegro 
event [57–60]. Moreover, the strain rate induced by the Montenegro earthquake is 
expected to reach its maximum amplitude in the Southern Apennines about 1–2 years 
after the triggering event, a delay fairly consistent with the time interval that elapsed 

Figure 6. 
A) Geometry of the zones implied in the presumed interrelation between Southern Dinarides-Albanides and 
Southern Apennines and location of the earthquakes given in the table. The stars indicate the locations of the 1979 
and 1980 earthquakes in Montenegro and Irpinia. B) List of the major seismic events occurred since 1810. The 
events with M ≥ 6.0 are in red. Seismicity data as in Figure 1. C) Structural sketch, through a transversal section 
in the southern Adriatic area (S-S′), evidencing the vertical flexure of the Adriatic lithosphere overthrusted by 
the Dinaric belt, on one side, and plunged under the Apennine belt, on the other side (e.g., [62]). The vertical 
scale is exaggerated in order to make more evident the possible effect of a seismic slip (red arrow) along the 
subduction fault beneath the Dinaric belt. The dashed lines indicate the presumed profile of the Adriatic 
lithosphere before a seismic slip in the Southern Dinarides.
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between the April 1979 Montenegro and November 1980 Irpinia shocks. The possible 
relationship between stress/strain rate increase and triggering of seismic activity has 
been pointed out in several works e.g., [52–54, 60, 65–69].

The fact that the above significant correlation can be recognised for the most recent, 
complete and reliable part of the seismic catalogue may imply that this phenomenon 
can represent a tool for recognising the periods when the probability of strong shocks in 
Southern Apennines is undergoing a significant increase. In this view, the fact that since 
1979 no earthquakes with M ≥ 6.5 have occurred in the Southern Dinarides (Figure 6) 
could imply that at present the probability of major shocks in the Southern Apennines is 
relatively low. Some doubts about this prediction may be raised by the fact that a signifi-
cant shock recently occurred in the Southern Dinarides (2019, M = 6.2). The previous 
seismic histories would suggest that such event is slightly weak for triggering significant 
seismicity in the Southern Apennines. However, possible uncertainties in the estimated 
magnitude could reflect on the reliability of the above prediction.

5. Present seismic hazard in Calabria

The analysis of the seismic histories of Calabria and the Hellenides sector lying 
between the Ionian islands and Albania, along with the geodynamic context in 
the central Mediterranean area, suggests a possible connection between these two 
zones [58, 59, 61]. This interpretation is consistent with the structural/tectonic 
setting sketched in the section of Figure 7, which implies that a seismic slip at the 
Hellenic thrust zone reduces the upward vertical flexure of the Adriatic lithosphere, 
so attenuating the resistance that the Calabrian wedge encounters in overthrusting 
such lithosphere. Since, this last process underlies the main genetic mechanism of 
Calabrian shocks, one can realise why an earthquake in the Hellenides may cause an 
increase of seismic hazard in Calabria.

The above interpretation and its implications on the interaction of the Calabrian 
and Hellenic seismic sources is consistent with the quantification of the effects of 
post-seismic relaxation induced by strong earthquakes in the Hellenides [58, 59, 61], 
which provides insights into the most probable delay between the presumed precursor 
and the induced event.

The possibility that the above phenomenon was systematic is supported by the 
comparison of the seismic histories of the two zones involved (Table 1), which 
indicates that all Calabrian seismic crises with M ≥ 6.0 have been preceded, within 

Figure 7. 
Geometry of the presumably interrelated Calabrian and Hellenic seismic zones and trace of the section (S-S′) 
are shown in the map. Red circles indicate the epicentres of the earthquakes that have occurred in the two 
zones since 1600 a. D (Table 1). The section illustrates a tentative reconstruction (vertically exaggerated) 
of the reduction of vertical flexure of the Adriatic plate (dashed line) that may occur in response to a strong 
decoupling earthquake in the Hellenic thrust zone. This effect may favour the outward escape of the uplifted 
Calabrian wedge towards the Ionian domain. Seismicity data as in  Figure 1.
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10 years, by at least one event with M ≥ 6.5 in the Hellenides. Even if lower magni-
tudes (M ≥ 5.5) are considered, the correspondence remains fairly significant, since 
only 3 (out of 29) Calabrian events have not been preceded by equivalent shocks in 
the Hellenides. The above evidence could imply that a major earthquake can hardly 
occur in Calabria without being preceded by significant seismic activity in the 
Hellenides [58, 59].

Hellenides (M ≥ 6.0) Calabria (M ≥ 5.5)

1601 (6.3)

1612 (6.3), 1613 (6.3)

1625 (6.5) 1626 (6.1)

1630 (6.5), 1636 (7.2) 1638 (6.8, 7.1)

1638 (6.3) 1640 (5.8)

1650 (6.2), 1658 (6.7) 1659 (6.6)

1666 (6.2), 1674 (6.3)

1701 (6.6), 1704 (6.4) 1708 (5.6)

1709 (6.2), 1714 (6.3)

1722 (6.3), 1723 (6.1, 6.3), 1732 (6.6)

1736 (6.0), 1741 (6.3), 1743 (6.9) 1743 (5.9), 1744 (5.7), 1749 (5.8)

1759 (6.3), 1766 (6.6), 1767 (6.7) 1767 (5.9)

1769 (6.8), 1772 (6.1)

1773 (6.5) 1783 (7.1, 6.7, 7.0)

1783 (6.5, 6.6), 1786 (6.5) 1791 (6.1)

1809 (6.1), 1815 (6.3), 1820 (6.6)

1823 (6.3), 1825 (6.7) 1832 (6.7)

1833 (6.5) 1835 (5.9), 1836 (6.2)

1851 (6.8) 1854 (6.3)

1854 (6.0), 1858 (6.0, 6.2, 6.4), 1859 (6.0,6.2)

1860 (6.4), 1862 (6.4, 6.2), 1865 (6.3), 1866 (6.6, 

6.2, 6.1. 6.4), 1867 (7.2), 1869 (6.0, 6.7)

1870 (6.2)

1872 (6.0)

1885 (6.0) 1886 (5.6), 1887 (5.6)

1893 (6.6) 1894 (6.1)

1895 (6.2, 6.5, 6.2, 6.2), 1897 (6.6), 1912 (6.1) 1905 (7.0), 1907 (6.0), 1908 (7.1), 1909 (5.5), 1913 (5.6)

1914 (6.0), 1915 (6.1, 6.3, 6.0),

1920 (6.0, 6.5) 1928 (5.9)

1930 (6.2)

1947 (5.7)

1948 (6.5, 6.5)

1953 (6.0, 6.6, 7.0, 6.2)

1983 (6.7, 6.0)

2003 (6.2)

2014 (6.1, 6.1), 2015 (6.5)

Table 1. 
List of major Hellenic and Calabrian events, occurred since 1600 a.D. in the zones depicted in Figure 7  
(the shocks with M ≥ 6.0 in Calabria and M ≥ 6.5 in Hellenides are in bold). Seismicity data as in Figure 1.
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On the other hand, considering the opposite aspect of the presumed interrelation, 
one can note that only 11, out of 22, Hellenic seismic crises with M ≥ 6.5 were followed 
by a Calabrian earthquake with M ≥ 6.0. This indicates that the role of the Hellenic 
events as precursors of Calabrian shocks is affected by significant uncertainty. This 
problem mainly concerns the most recent time, given that since 1948 no Hellenic events 
with M ≥ 6.5 have been followed by an event in Calabria with M ≥ 5.5 (Table 1). Such 
long quiescence (73 years) is rather anomalous with respect to the previous behaviour, 
in particular with the fact that from 1626 to 1947 the average inter-event time between 
M ≥ 5.5 Calabrian shocks was about 16 years and was never longer than 41 years.

In order to find a possible explanation of the present long quiescence and of 
the fact that since the middle of the XX century the correspondence between 
Hellenic and Calabrian earthquakes has undergone a considerable worsening, we 
advance the hypothesis that such anomalous behaviour is an effect of the consid-
erable increase of E-W compressional stress that developed in the Hellenic and 
Ionian zones in response to the large westward displacement of the Anatolian-
Aegean system since 1939, when a very strong earthquake in Eastern Anatolia 
(M = 8) triggered the progressive activation of the entire North Anatolian fault 
system (NAF in Figure 8, e.g., [71]).

The peculiarity of the above seismic sequence in the NAF is the fact that it also 
involved the activation of the central NAF, which had been almost silent for a 
long time e.g., [72]. This rare event favoured a significant westward displacement 
(some metres) of the whole Anatolian wedge, causing a considerable increase of 
E-W compression in the zones stressed by the convergence of this block with the 
Africa-Adriatic domain (Figure 8). The least action principle suggests that the fast 
shortening required by such dynamics was mainly accommodated by the outward 
extrusion of the Peloponnesus and the central Aegean zones, i.e. the orogenic 

Figure 8. 
Proposed plate/microplate configuration and kinematic pattern in the Central Mediterranean and Aegean-
Anatolian region [14]. White arrows indicate the presumed velocity field with respect to Eurasia. Land and 
seafloor morphological features from Le Pichon and Biju-Duval [70]. Thick red lines delimitate for reference 
the inner part of the Alpine metamorphic belt. Al = Albanides; CA, NA, SA = Central, Northern and 
Southern Apennines, Cal = Calabrian Arc, Ce = Cephalonia fault system, ESA = Eastern Southern Alps, 
Ma = Marmara, NAF = North Anatolian fault system, ND = Northern Dinarides, NH = Northern Hellenides, 
Pe = Peloponnesus, SD = Southern Dinarides, Si = Sicily. Symbols as in Figure 2.
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structures which were facing the thin and dense (low buoyancy) Ionian oceanic 
lithosphere e.g., [73]. The extrusion of the northern Hellenides (facing the thicker 
and more buoyant Adriatic continental domain) would have instead encountered 
much higher resistance. This hypothesis may explain why since about 1947 (when 
the effects of such strong perturbation might have reached the western Hellenic 
zone) most seismic activity has occurred in the Aegean zones lying south of the 
Cephalonia fault system and the North Aegean trough, while minor activity has 
instead occurred in the Northern Hellenides (Figure 9).

Since the activation of that Hellenic thrust zone is supposed to be a necessary 
condition for the occurrence of Calabrian earthquakes (Figure 7 and Table 1), 
the above evidence could explain why since 1947 no major events have occurred in 
Calabria. The same interpretation may help to understand why in the 1850–1908 
time interval, characterised by very high seismic activity in the Hellenides sector, 
very strong earthquakes occurred in Calabria (Table 1) .

The evidence and arguments described above suggest that the probability of 
strong earthquakes in Calabria will not undergo a significant increase until the 

Figure 9. 
Distribution of major earthquakes occurred in two time intervals (A and B) which respectively preceded and 
followed the presumed arrival in the Aegean area of the effects of the large westward displacement of the Anatolian 
wedge, triggered by the strong 1939 earthquake (M = 8) in the easternmost north Anatolian fault system [74, 75]. 
1) Africa-Adriatic domain 2) oceanic Ionian domain 3) Alpine metamorphic belt 4) orogenic belts. Circles and 
triangles respectively indicate focal depths lower and greater than 60 km. Seismicity data as in Figure 1.
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occurrence of major shocks in the Hellenides thrust zone. The fact that three 
earthquakes with M > 6 recently occurred in the Cephalonia zone (2014 and 2015) 
cannot easily be taken as a possible precursor of Calabrian shocks, since in the 
tectonic context created by the Anatolian westward displacement other very strong 
events (1953, M = 7.0, 6.6; 1983 M = 6.7) affected the Cephalonia fault without 
inducing significant seismic activity in Calabria.

6. Conclusions

It is advanced the hypothesis that the spatio-temporal distribution of major 
earthquakes in the periAdriatic zones (Figure 4) is closely connected with the 
progressive roughly northward displacement of the Adria plate. This motion is 
allowed by the seismic activations of the decoupling fault systems located along 
the lateral boundaries of Adria (Dinarides and Apennines) and the Eastern 
Southern Alps. This migrating pattern of earthquakes may tentatively be rec-
ognised in the period considered (1300–2020), delineating 7 already developed 
sequences and one partially developed migration. Taking into account the 
regularities that we tentatively recognise in the first 7 seismic sequences and the 
main features of the last ongoing one (which has already involved intense seismic 
crises in the Southern and Central Apennines and in the western boundary of 
the RMU wedge in the Northern Apennines) we suppose that the boundaries 
of the northern RMU wedge (Rimini-Ancona thrust, Romagna fault and Alta 
Valtiberina trough), along with the Emilia Apennines (stressed by the RMU 
wedge, Figure 2) are the zones most prone to the next strong earthquakes in the 
Apennine belt.

Further insights into the present seismic hazard in two major Italian seismic 
zones (Southern Apennines and Calabria) are tentatively inferred from the pre-
sumed tectonic connection of such regions with other periAdriatic zones. The 
first tectonic connection (suggested by seismic histories of about two centuries, 
Figure 6) provides that a strong earthquake (M ≥ 6.0) in the Southern Apennines 
cannot easily occur if not preceded (within 5 years) by a shock with M ≥ 6.5 or 
by more than one shock with M ≥ 6.0 in the Southern Dinarides. Even if weaker 
shocks are taken into account, the correlation remain significant, since almost all 
Southern Apennines shocks with M ≥ 5.5 (14 out of 15) have been preceded by 
seismic phases in the Southern Dinarides involving more than one shock (2–5) 
with M > 5.5.

Assuming that the presumed implications of the above correspondence can be 
taken as realistic for the next years, one could try to estimate the present seismic 
hazard in the Southern Apennines. To this purpose, one have to take into account 
the recent seismic activity in the Southern Dinarides, which only includes an event 
with M = 6.2 in 2019 (Albania). The fact that the magnitude of such shock was 
lower than 6.5 would imply a low probability for the occurrence of a Southern 
Apennine shock with M ≥ 6, while the occurrence of a weaker shock cannot easily 
be excluded.

The possible tectonic connection between Calabrian and Hellenic earthquakes 
(Figure 7 and Table 1) is suggested by the seismic histories of these two zones for 
the period 1600–1947. However, in the subsequent time, this correspondence cannot 
be recognised, mainly due to the fact that no more earthquakes with M ≥ 5.5 have 
occurred in Calabria. We suggest that such quiescence is an effect of the consider-
able westward displacement that the whole Anatolian wedge has undergone due 
to the activation of the full NAF fault system. That event has caused a noticeable 
increase of E-W compression in the Ionian and Calabrian zones, so enhancing the 



Earthquakes

14

Author details

Enzo Mantovani1*, Caterina Tamburelli1, Daniele Babbucci1, Marcello Viti1  
and Nicola Cenni2

1 Dip.to di Scienze Fisiche, della Terra e dell’Ambiente, Univ. di Siena, 53100,  
Siena, Italy

2 Dip.to di Geoscienze, Univ. di Padova, 35131, Padova, Italy

*Address all correspondence to: enzo.mantovani@unisi.it

resistance against the outward escape of the Calabria wedge. Since this process is 
the main genetic mechanism of seismicity in Calabria, the above effect can help to 
explain the recent seismic quiescence in that zone (Table 1). If this interpretation is 
realistic, one could suppose that in the present context seismic hazard in Calabria is 
not high, since in recent times no major earthquakes have occurred in the Hellenides 
sector lying north of the Cephalonia zone, i.e. the area that generated the main pre-
cursors of the strongest Calabria earthquakes. Recent seismicity only affected the 
Cephalonia fault system (2014, M = 6.1, 6.1 and 2015, M = 6.5), that in the ongoing 
stress regime have already involved other major shocks with no effects in Calabria.

The above considerations about the present seismic hazard in the Southern 
Apennines and Calabria reinforce our conviction that the Northern Apennine zones 
cited above should be taken as priority zones in a prevention plan in Italy.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



15

Tectonics and Seismicity in the periAdriatic Zones: Implications for Seismic Hazard in Italy
DOI: http://dx.doi.org/10.5772/intechopen.94924

[1] Ekström G, Nettles M, 
Dziewonski AM. The global CMT 
project 2004-2010: Centroid-moment 
tensors for 13,017 earthquakes, 
Phys Earth Planet Inter (2012) 
200-201:doi:10.1016/j.pepi.2012.04.002

[2] Godey S, Bossu R, Guilbert J, Mazet-
Roux G The Euro-Mediterranean 
bulletin: A comprehensive seismological 
bulletin at regional scale. Seismological 
Research Letters (2006) 77:460-474

[3] Grünthal G, Wahlström R. The 
European-Mediterranean earthquake 
catalogue (EMEC) for the last 
millennium, J Seismology (2012) 16: 
DOI: 10.1007/s10950-012-9302-y

[4] ISIDe Working Group (INGV). 
Italian seismological instrumental and 
parametric Database (2010): http://
iside.rm.ingv.it

[5] Makropoulos K, Kaviris G and 
Kouskouna V. An updated and extended 
earthquake catalogue for Greece and 
adjacent areas since 1900. Natural 
Hazards and Earth System Sciences 
(2012) 12:1425-1430.

[6] Papazachos BC and Papazachos CB. 
The earthquakes of Greece. Geophys Lab 
Publ (1989). University of Thessaloniki, 
Greece

[7] Rovida A, Locati M, Camassi R,  
Lolli B, Gasperini P. Catalogo 
Parametrico dei Terremoti Italiani 
(CPTI15), versione 2.0. Istituto 
Nazionale di Geofisica e Vulcanologia 
(INGV), (2019) https://doi.
org/10.13127/CPTI/CPTI15.2

[8] Shebalin NV, Leydecker G, 
Mokrushina NG, Tatevossian RE, Erteleva OO, 
Vassiliev VYu. Earthquake catalogue for 
central and southeastern Europe, 342 
BC - 1990 AD. European Commission, 
Final Report to Contract No 
ETNU-CT930087 Brussels (1998).

[9] Stucchi M, Rovida A, Gomez 
Capera AA, Alexandre P, Camelbeeck T, 
Demircioglu MB, Gasperini P, Kouskouna V, 
Musson RMW, Radulian M, Sesetyan K, 
Vilanova S, Baumont D, Bungum H, 
Fäh D, Lenhardt W, Makropoulos K, 
Martinez Solares JM, Scotti O, Zivcic M, 
Albini P, Batllo J, Papaioannou C, 
Tatevossian R, Locati M, Meletti C, 
Viganò D, Giardini D. SHARE European 
earthquake catalogue (SHEEC) 
1000-1899, J Seismology (2012) 17: 
doi:10.1007/s10950-012-9335-2.

[10] Mantovani E, Babbucci D, 
Tamburelli C, Viti M. A review on the 
driving mechanism of the Tyrrhenian–
Apennines system: Implications for 
the present seismotectonic setting 
in the central-northern Apennines. 
Tectonophysics (2009) 476: 
doi:10.1016/j.tecto.2008.10.032.

[11] Mantovani E, Viti M, Babbucci D, 
Tamburelli C, Cenni N. How and why 
the present tectonic setting in the 
Apennine belt has developed. Journal of 
the Geological Society of London (2019) 
176: https://doi.org/10.1144/jgs2018-175

[12] Viti M, Mantovani E, Babbucci D, 
Tamburelli C. Quaternary geodynamics 
and deformation pattern in the 
southern Apennines: Implications for 
seismic activity. Boll Soc Geol It (2006) 
125:273-291.

[13] Mantovani E. Viti M. Babbucci D, 
Albarello D. Nubia-Eurasia Kinematics: 
An alternative interpretation from 
Mediterranean and North Atlantic 
evidence. Annals of Geophysics( 2007) 
50:311-336.

[14] Viti M, Mantovani E, Babbucci D, 
Tamburelli C. Plate kinematics and 
geodynamics in the Central 
Mediterranean. Journal of Geodynamics 
(2011) 51: doi:10.1016/j.jog.2010.02.006.

[15] Mantovani E, Viti M, Babbucci D, 
Tamburelli C, Albarello D. “Geodynamic 

References



Earthquakes

16

connection between the indentation of 
Arabia and the Neogene tectonics of the 
Central-Eastern Mediterranean region” 
In: Dilek Y, Pavlides S, editors. Post-
Collisional Tectonics and Magmatism 
in the Mediterranean Region and Asia. 
Geol. Soc. Am. (2006). p. 15-49.

[16] Mantovani E, Viti M, Babbucci D, 
Tamburelli C, Cenni N. Geodynamics 
of the central western Mediterranean 
region: Plausible and non-plausible 
driving forces. Marine and Petroleum 
Geology (2020) 113: https://doi.
org/10.1016/j.marpetgeo.2019.104121

[17] Falcucci E, Poli ME, Galadini F, 
Scardia G, Paiero G, Zanferrari A. First 
evidence of active transpressive 
surface faulting at the front of the 
eastern southern Alps, northeastern 
Italy: Insight on the 1511 earthquake 
seismotectonics. Solid Earth (2018): 
https://doi.org/10.5194/se-9-911-2018

[18] Kastelic V, Carafa MMC. Fault slip 
rates for the active external Dinarides 
thrust-and-fold belt. Tectonics (2012) 
31: doi:10.1029/2011TC003022

[19] Kuk V, Prelogovic E, Dragicevic I.  
Seismotectonically active zones in 
the Dinarides. Geol Croatica (2000) 
53:295-303.

[20] Louvari E, Kiratzi AA, 
Papazachos BC, Katzidimitriou P. 
Fault-plane solutions determined by 
waveform modelling confirm tectonic 
collision in the eastern Adriatic. Pure 
App Geophysics (2001) 158:1613-1637.

[21] Moulin A, Benedetti L, Rizza M, 
Rupnik PJ, Gosar A et al. The Dinaric 
fault system: Large-scale structure, rates 
of slip, and Plio-Pleistocene evolution of 
the transpressivnortheastern boundary 
of the Adria microplate, Tectonics 
(2016) 35: DOI : 10.1002/2016TC004188

[22] Argnani A, Barbacini G, Bernini M, 
Camurri F, Ghielmi M, Papani G, 
Rizzini F., Rogledi S, Torelli L. Gravity 

tectonics driven by quaternary uplift 
in the northern Apennines: Insights 
from the La Spezia-Reggio Emilia 
geo-transect. Quaternary Int (2003) 
101-102:13-26.

[23] Boccaletti M, Corti G, 
Martelli L. Recent and active tectonics 
of the external zone of the northern 
Apennines (Italy). Int J Earth Sci 
(Geologische Rundschau) (2010): doi: 
10.1007/s00531-010-0545-y

[24] Cerrina Feroni A, Martelli L, 
Martinelli P, Ottria G, Sarti G. The 
Romagna Apennines, Italy: An eroded 
duplex. Geological Journal (2001) 36: 
39-54.

[25] Pizzi A. Plio-quaternary uplift 
rates in the outer zone of the central 
Apennines fold-and-thrust belt, Italy. 
Quaternary Int (2003) 101-102:229-237.

[26] Elter FM, Elter P, Eva C, Eva E, 
Kraus RK, Padovano M, Solarino S. 
An alternative model for the recent 
evolution of northern-central 
Apennines (Italy). Journal of 
Geodynamics (2012) 54: 55-63.

[27] Pizzi A, Galadini F. Pre-existing 
cross-structures and active fault 
segmentation in the northern-central 
Apennines (Italy). Tectonophysics (2009) 
476: doi:10.1016/j.tecto.2009.03.018

[28] Amadori C, Toscani G, Di 
Giulio A, Maesano FE, D’Ambrogio C, 
Ghielmi M, Fantoni R. From cylindrical 
to non-cylindrical foreland basin: 
Pliocene–Pleistocene evolution of the Po 
plain–northern Adriatic basin (Italy). 
Basin Research (2019) 31: DOI: 10.1111/
bre.12369

[29] Ascione A, Cinque A, Miccadei E, 
Villani F. The Plio-quaternary uplift of 
the Apennines chain: New data from 
the analysis of topography and river 
valleys in Central Italy. Geomorphology 
(2008) 102: https://doi.org/10.1016/j.
geomorph.2007.07.022



17

Tectonics and Seismicity in the periAdriatic Zones: Implications for Seismic Hazard in Italy
DOI: http://dx.doi.org/10.5772/intechopen.94924

[30] Mazzoli S, Pierantoni PP, 
Borraccini F, Paltrinieri W, Deiana G. 
Geometry, segmentation pattern and 
displacement variations along a major 
Apennine thrust zone, Central Italy. 
Journal of Structural Geology (2005) 27: 
https://doi.org/10.1016/j.jsg.2005.06.002

[31] Catalano S, Monaco C, Tortorici L. 
Neogene-quaternary tectonic evolution 
of the southern Apennines. Tectonics 
(2004) 23: doi:10.1029/2003TC001512

[32] Ferranti L, Santoro E, 
Mazzella ME, Monaco C, Morelli D. 
Active transpression in the northern 
Calabria Apennines, southern Italy. 
Tectonophysics (2009) 476: https://doi.
org/10.106/j.tecto.2008.11.010

[33] Ferranti L, Burrato P, Pepe F, 
Santoro E, Mazzella ME, Morelli D, 
Passaro S, Vannucci G. An active oblique‐
contractional belt at the transition 
between the Southern Apennines and 
Calabrian Arc: The Amendolara Ridge, 
Ionian Sea, Italy. Tectonics (2014), 
33:doi:10.1002/2014TC003624

[34] Maschio L, Ferranti L, Burrato P. 
Active extension in Val d’Agri area, 
southern Apennines, Italy: 
Implications for the geometry of the 
seismogenic belt. Geophysical Journal 
International (2005) 162: https://doi.
org/10.1111/j.1365-246X.2005.02597.x

[35] Ascione A, Caiazzo C, Cinque A. 
Recent faulting in southern Apennines 
(Italy): Geomorphic evidence, spatial 
distribution and implications for rates 
of activity. Boll Soc Geol It (2007) 
126:293-305.

[36] Brozzetti F. The Campania–
Lucania extensional fault system, 
southern Italy: A suggestion for a 
uniform model of active extension 
in the Italian Apennines. Tectonics 
(2011) 30: TC5009, https//doi.
org/10.1029/2010TC002794

[37] Amoruso A, Crescentini L, 
Scarpa R. Inversion of source parameters 

from near and far field observations: 
An application to the 1915 Fucino 
tarthquake, central Apennines, Italy. 
Journal of Geophysical Research (1998) 
103: 29989-29999.

[38] Galadini F, Messina P. Early-
middle Pleistocene eastward migration 
of the Abruzzi Apennine (Central 
Italy) extensional domain. Journal of 
Geodynamics (2004) 37:57-81.

[39] Piccardi L, Gaudemer Y, 
Tapponnier P, Boccaletti M. Active 
oblique extension in the central 
Apennines (Italy): Evidence from the 
Fucino region. Geophysical Journal 
International (1999) 139:499-530.

[40] Piccardi L, Tondi G, Cello G. “Geo-
structural evidence for active oblique 
extension in south-Central Italy”. 
In: Pinter N, Grenerczy G, Weber J, 
Stein S, Medak D. editors. The Adria 
Microplate: GPS Geodesy, Tectonics and 
Hazard. NATO Science Series IV-Earth 
and Environmental Sciences, Springer 
(2006). p. 95-108.

[41] Brozzetti F, Boncio P, Lavecchia G,  
Pace B. Present activity and 
Seismogenetic potential of a low-angle 
Normal fault system (Città Di Castello, 
Italy): Constraints from surface geology, 
seismic reflection data and seismicity. 
Tectonophysics (2009) 463:31-46.

[42] Mantovani E, Viti M, Babbucci D, 
Tamburelli C, Cenni N, Baglione M, 
D’Intinosante V. Seismotectonics and 
present seismic hazard in the Tuscany-
Romagna-Marche-Umbria Apennines 
(Italy). Journal of Geodynamics 
(2015a) 89: http://dx.doi.org/10.1016/j.
jog.2015.05.001

[43] Martini IP Sagri M. Tectono-
sedimentary characteristics of late 
Miocene-quaternary extensional basins 
of the northern Apennines, Italy. Earth 
Science Reviews (1993) 34: http://dx.doi.
org/10.1016/0012-8252(93)90034-5



Earthquakes

18

[44] Costa M. The buried, Apenninic 
arcs of the Po plain and northern 
Adriatic Sea (Italy): A new model. Boll 
Soc Geol It (2003) 122:3-23.

[45] Mantovani E, Viti M, Babbucci D, 
Tamburelli C, Cenni N. Possible location 
of the next major earthquakes in the 
northern Apennines: Present key role of 
the Romagna-Marche-Umbria wedge. 
IJG (2017) 8: https://doi.org/10.4236/
ijg.2017.811075.

[46] Sorgi C, Deffontaines B, 
Hippolyte JC, Cadet JP. An integrated 
analysis of transverse structures 
in the northern Apennines, Italy. 
Geomorphology (1998) 25:193-206.

[47] Viti M, Mantovani E, Babbucci D, 
Tamburelli C, Cenni N. Seismotectonics 
of the Padanian region and surrounding 
belts: Which driving mechanism? 
International Journal of Geosciences 
(2016) 7: http://dx.doi.org/10.4236/
ijg.2016.712100

[48] Mantovani E, Viti M, Cenni N, 
Babbucci D, Tamburelli C. Present 
velocity field in the Italian region by GPS 
data: Geodynamic/tectonic implications. 
In J Geosciences (2015b) 6: http://dx.doi.
org/10.4236/ijg.2015.612103.

[49] Viti M, Mantovani E, Babbucci D, 
Tamburelli C, Cenni N, Baglione M, 
D’Intinosante V. Belt-parallel shortening 
in the northern Apennines and 
seismotectonic implications. Inter-
national Journal of Geosciences 
(2015a) 6: http://dx.doi.org/10.4236/
ijg.2015.68075.

[50] Cenni N, Mantovani E, Baldi P, 
Viti M. Present Kinematics of central 
and northern Italy from continuous GPS 
measurements. Journal of Geodynamics 
(2012) 58: doi:10.1016/j.jog.2012.02.004

[51] Cenni N, Viti M, Baldi P,  
Mantovani E, Bacchetti M,  
Vannucchi A. Present vertical 
movements in central and northern Italy 

from GPS data: Possible role of natural 
and anthropogenic causes. Journal of 
Geodynamics (2013) 71: http://dx.doi.
org/10.1016/j.jog.2013.07.004

[52] Viti M.. Strain diffusion from the 
30 October 2016 Norcia (Central Italy) 
earthquake. Tectonics (2019): https://
doi.org/10.1029/2018TC005464

[53] Viti M, Mantovani E, Cenni N, 
Vannucchi A. Post-seismic relaxation: 
An example of earthquake triggering 
in the Apennine belt (1915-1920). J 
Geodynamics (2012) 61: http://dx.doi.
org/10.1016/j.jog.2012.07.002

[54] Viti M, Mantovani E, Cenni N, 
VannucchI A.. Interaction of seismic 
sources in the Apennine belt. Journal 
Physics Chemistry Earth (2013) 63: 
http://dx.doi.org/10.1016/j.pce.2013. 
03.005

[55] Wells D, Coppersmith KJ. New 
empirical relationships among 
magnitude, rupture length, rupture 
width, rupture area and surface 
displacement. Bull Seismol Soc Am 
(1994) 84:974-1002.

[56] Mantovani E and Albarello D. 
Medium-term precursors of strong 
earthquakes in southern Italy. Physics of 
the Earth and Planetary Interiors (1997) 
101(1-2):49-60.

[57] Mantovani E, Viti M, Babbucci D, 
Albarello D, Cenni N., Vannucchi A. 
Long-term earthquake triggering in the 
southern and northern Apennines. J. 
Seismology (2010) 14: 53-65.

[58] Mantovani E, Viti M, Babbucci D, 
Cenni N, Vannucchi A. Middle-term 
prediction of earthquakes in Italy: Some 
remarks on empirical and deterministic 
approaches. Boll Geof Teor Appl (2012) 
53:89-111.

[59] Mantovani E., Viti M., Babbucci D., 
 Tamburelli C., Cenni N., Baglione M., 
 D’Intinosante V. Recognition of 



19

Tectonics and Seismicity in the periAdriatic Zones: Implications for Seismic Hazard in Italy
DOI: http://dx.doi.org/10.5772/intechopen.94924

periAdriatic seismic zones most prone 
to next major earthquakes: Insights from 
a deterministic approach. In: D’Amico S. 
(Ed.), Earthquakes and their Impact 
on Society. Springer Natural Hazard 
Series, Springer (2016) 43-80. DOI 
10.1007/978-3-319-21753-6_2

[60] Viti M, D’Onza F, Mantovani E, 
Albarello D, Cenni N. Post-seismic 
relaxation and earthquake triggering 
in the southern Adriatic region. 
Geophysical Journal International 
(2003) 153:645-657.

[61] Viti M, Mantovani E, Babbucci D, 
Cenni N, Tamburelli C. Where the next 
strong earthquake in Italy: Possible 
insights by a deterministic approach. 
Boll Geof Teor Appl (2015b) 56: 
doi:10.4430/bgta0137

[62] Moretti I. and Royden L. Deflection, 
gravity anomalies and tectonics 
of doubly subducted continental 
lithosphere: Adriatic and Ionian seas. 
Tectonics (1988) 7:875-893.

[63] Benetatos C and Kiratzi A. Finite-
fault slip models for the 15 April 1979 
(mw 7.1) Montenegro earthquake and 
its strongest aftershock of 24 may 
1979 (mw 6.2). Tectonophysics (2006) 
421:129-143.

[64] Ascione A, Cinque A, Improta L,  
Villani F. Late quaternary faulting 
within the southern Apennines seismic 
belt: New data from Mt. Marzano 
area (southern Italy). Quaternary 
International (2003) 101-102: https://
doi.org/10.1016/S1040-6182(02)00127-1

[65] Freed AM. Earthquake triggering 
by static, dynamic, and postseismic 
stress transfer. Annual Reviews of 
Earth and Planetary Sciences (2005) 
33(1): https://doi.org/10.1146/annurev.
earth.33.092203.122505

[66] Luo G, Liu M. Stress evolution 
and fault interactions before and after 
the 2008 great Wenchuan earthquake. 

Tectonophysics (2010) 491(1-4): https://
doi.org/10.1016/j.tecto.2009.12.019

[67] Pollitz FF, Burgmann R, 
Romanowicz B. Viscosity of oceanic 
asthenosphere inferred from remote 
triggering of earthquakes. Science 
(1998) 280:1245-1249.

[68] Pollitz FF, Stein RS, Sevilgen V, 
Burgmann R. The 11 April 2012 East 
Indian Ocean earthquake triggered large 
aftershocks worldwide. Nature (2012) 
490(7419): https://doi.org/10.1038/
nature11504

[69] Rydelek PA, Sacks IS. Asthenospheric 
viscosity and stress diffusion: A 
mechanism to explain correlated 
earthquakes and surface deformation 
in NE Japan. Geophysical Journal 
International (1990) 100(1): https://doi.
org/10.1111/j.1365-246X.1990.tb04566.x

[70] Le Pichon X., Biju-Duval B. Les fonds 
de la Mediterranee. Hachette-Guides 
bleus (1990) Paris, sud offset-Rungis

[71] Barka AA. Slip distribution along 
the north Anatolian fault associated 
with the large earthquakes of the period 
1939 to 1967. Bull Seism Soc Am (1996) 
86:1238-1254.

[72] Ambraseys NN and Jackson JA. 
Faulting associated with historical 
and recent earthquakes in the eastern 
Mediterranean region. Geophysical 
Journal International (1998) 133:390-406.

[73] Finetti I, Del Ben A. Crustal 
tectono-stratigraphy of the Ionian Sea 
from new integrated CROP seismic data. 
In: Finetti IR, editor. CROP PROJECT: 
Deep Seismic Exploration of the Central 
Mediterranean and Italy. Elsevier 
Sciences (2005) Chapter 19:447-470.

[74] Cenni N, D’Onza F, Viti M, 
Mantovani E, Albarello D, Babbucci D.. 
Post seismic relaxation processes in 
the Aegean-Anatolian system: Insights 
from space geodetic data (GPS) and 



Earthquakes

20

geological/geophysical evidence. Boll 
Geof Teor Appl (2002) 43:23-36.

[75] Mantovani E, Viti M, Cenni N, 
Albarello D, Babbucci D. Short and 
long-term deformation patterns in the 
Aegean-Anatolian systems: Insights 
from space geodetic data (GPS). 
Geophysical Research Letters (2001) 
28:2325-2328.


