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Abstract We argue that the study of long-range
interaction between seismic sources in the peri-
Adriatic regions may significantly contribute to
estimating seismic hazard in Italy. This hypoth-
esis is supported by the reconstruction of the
geodynamic and tectonic settings in the Central
Mediterranean region, the space–time distribu-
tion of major past earthquakes, and the quan-
tification of post-seismic relaxation. The most
significant evidence of long-distance interaction
is recognized for the Southern Apennines, whose
major earthquakes have almost regularly followed
within a few years the largest events in the
Montenegro-Albania zone since 1850. Statistical
analyses of the post-1850 earthquake catalogues
give a probability of about 10% that a major event
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in the Southern Apennines is not preceded by
the occurrence of a strong event in the Southern
Dinarides–Albanides within 3–5 years. Con-
versely, the probability of false alarms is rele-
vant (50% within 3 years, 33% within 5 years).
Northward, the tectonic setting and some patterns
of regularity seen in major events suggest that
the seismic activation of the main transtensional
decoupling shear zones in the Central Apennines
should influence the probability of major earth-
quakes in the Northern Apennines.
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Earthquake triggering · Post-seismic relaxation

1 Introduction

It is largely believed that earthquakes are not ran-
domly distributed in time and space but, rather,
are related to each other (e.g., Anderson 1975;
Marsan et al. 2000; Marsan and Bean 2003).
Consequently, current statistical earthquake fore-
casting that neglects the kinematic/tectonic re-
lationship between events can hardly provide
reliable information on the time–space distri-
bution of future major earthquakes, as shown
by several cases in the world (e.g., Scholz and
Gupta 2000; Mulargia and Geller 2003 and ref-
erences therein). This neglect has stimulated the
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investigation of deterministic approaches, which
take into account possible long-range interactions
between seismic sources. A basic requisite for this
kind of attempt is a deep knowledge of the geo-
dynamic setting and ongoing tectonic processes
in the study area. In this work, exploiting the
information we have previously obtained about
the Central Mediterranean geodynamics (e.g.,
Mantovani 2005; Mantovani et al. 2006, 2007a,
b; Viti et al. 2006), the possibly related seismic-
ity regularity patterns (Mantovani and Albarello
1997; Mantovani et al. 1997), and the role of post-
seismic relaxation in the peri-Adriatic regions
(Viti et al. 2003; Cenni et al. 2008), we argue
that long-term earthquake prediction may be fea-
sible in the Southern and Northern Apennines.
The next section provides a synthesis of the pro-
posed kinematic/tectonic context in the Central
Mediterranean region and its possible connection
with the time–space distribution of major earth-
quakes. In Section 3, we discuss the almost reg-
ular correspondence between major earthquakes
of Southern Apennines and Southern Dinarides–
Albanides zones and analyze the statistical signifi-
cance of the observed correspondence in order to
investigate the possible exploitation of that phe-
nomenon for long-term earthquake prediction. In
Section 4, we point out some regular patterns of
major earthquakes, which suggest the existence of
long-range interaction between Central Apennine
and Northern Apennine seismic sources, in agree-
ment with the proposed tectonic interpretation.

2 Tectonics and seismicity in the Central
Mediterranean region

The kinematic pattern and tectonic setting we
propose for the Central Mediterranean area is
sketched in Fig. 1. This synthesis may account
for the observed post-Middle Pleistocene defor-
mation pattern in the study area (e.g., Viti et al.
2006) and may be also reconciled with the previ-
ous evolution of the Mediterranean region (e.g.,
Mantovani 2005; Mantovani et al. 2006, 2007a, b).
The proposed scheme provides that seismotec-
tonic activity in the Apennines, mainly concen-

trated in the axial part of the belt, where a system
of extensional to sinistral transtensional faults is
recognized, is driven by the oblique divergence
between the external sector of the belt, moving in
closer connection with the Adriatic plate and the
almost fixed internal belt (Viti et al. 2006). A more
detailed reconstruction of the tectonic setting in
the Apennine belt is shown in Fig. 2.

In the Southern Apennines, the mobile sector
of the belt is mainly formed by the Molise–Sannio
(MS) wedge. The internal extensional border of
that wedge, mainly corresponding to the Irpinia
and Benevento zones, is marked by a series of
seismotectonic troughs and normal faults (e.g.,
Ascione et al. 2003, 2007 and references therein).
The zone where the MS wedge interacts with the
Latium–Abruzzi (LA) platform, a site of strong
earthquakes, is characterized by transpressional
features mainly recognized east and south of the
Maiella structural high (e.g., Calamita et al. 2006;
Esestime et al. 2006; Pizzi et al. 2007).

In the Central Apennines, mainly formed by
the LA carbonate platform, there are two main
SE–NW parallel decoupling zones, both related to
sinistral transtensional fault systems, as suggested
by neotectonic deformation and earthquake fo-
cal mechanisms (e.g., Cello et al. 1997, 1998;
Amoruso et al. 1998; Tondi 2000; Piccardi et al.
1999, 2006; Galadini and Messina 2001). These
fault systems, both characterized by very strong
seismicity, are associated with the Aquila and the
Fucino basins (Fig. 2).

In the Northern Apennines, the mobile sector
of the belt is mainly formed by the Romagna–
Marche–Umbria (RMU) and Ligurian wedges.
Under the push of the eastern part of the Latium–
Abruzzi platform (ELA), this arc tends to extrude
outward, causing thrusting and extension at its ex-
ternal and internal boundaries, respectively, both
associated with significant seismic activity (e.g.,
Boncio and Lavecchia 2000; Martini et al. 2001;
Viti et al. 2006; Basili and Barba 2007; Cenni et al.
2008).

It is worth noting that the locations of the
Roman and Neapolitan volcanic provinces (Marra
2001; Milia and Torrente 2003) fairly well cor-
respond to the internal boundaries of the RMU
and MS wedges, respectively (Fig. 2), which is
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Fig. 1 Tentative reconstruction of the post-Middle Pleis-
tocene kinematic and tectonic patterns in the Central
Mediterranean region. 1 European continental domain;
2, 3 Africa–Adriatic continental and thinned continental
domains; 4 Ionian Tethys oceanic domain; 5 remnants of
the Alpine belt; 6 Peri-Adriatic belts; 7 External part of
the Apennines belt moving in connection with the Adriatic
plate; 8, 9 Non-active and active extensional basins; 10
Quaternary magmatism; 11, 12, 13 major compressional,
extensional and transcurrent tectonic features. The diver-
gence between the external (mobile) and internal (fixed)

sectors of the Apennines is accommodated by tensional
to transtensional deformation in the axial part of the
belt, associated with a series of seismic troughs and nor-
mal faults. Red arrows indicate motions with respect to
Eurasia. Thin lines identify present geographical contours.
CA Central Apennines; Ce Cephalonia fault system; Ga
Gargano zone; Is Istria; LA Latium–Abruzzi platform; Lc
Lucanian Apennines; Mo Montenegro zone; NA Northern
Apennines; Ro, Ne Roman and Neapolitan volcanic
provinces; SA Southern Apennines; ESA eastern Southern
Alps; SV Schio-Vicenza fault system

consistent with the hypothesis that the generation
of these provinces was closely connected with the
strong extensional regime that developed in the
wake of these extruding wedges since the late

Pliocene (e.g., Tamburelli et al. 2000; Viti et al.
2006).

The sector of the mobile Apennines belt that
first adjusts to the periodic accelerations of the
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Fig. 2 More detailed tectonic sketch of the Apennine
belt, evidencing the major orogenic wedges (shaded) car-
ried by the Adriatic plate and the main tectonic features,
which are presumed to decouple the above wedges from
the adjacent structures. Aq Aquila transtensional fault
system, Be Benevento zone, ELA Eastern sector of the
Latium–Abruzzi platform, Fo Forlivese zone, Fu Fucino

transtensional fault system, Ga Garfagnana trough, Ma
Maiella structural high, Ir Irpinia zone, LAG Laga units,
LI Ligurian units, Lu Lunigiana trough, MS Molise–Sannio
units, Mu Mugello trough, NT Northern Tiber trough,
RMU Romagna–Marche–Umbria units, ST Southern Tiber
trough, Mr Marecchia thrust, WLA Western sector of the
Latium–Abruzzi platform. Symbols as in Fig. 1

Adriatic plate (triggered by major earthquakes
at the main peri-Adriatic decoupling zones) is
the MS wedge, which in turn stresses ELA and
consequently the RMU wedge in the Northern
Apennines.

The system of NW–SE sinistral strike-slip
faults, locally associated with pull-apart ex-
tensional troughs, which is recognized in the
Lucanian Apennines (e.g., Cello and Mazzoli
1999; Cello et al. 2003; Catalano et al. 2004;
Maschio et al. 2005) accommodates the relative
motion between the Adriatic–Molise–Sannio sys-
tem and the outward escaping Calabrian wedge
(Viti et al. 2006).

The motion of the Adriatic plate at its north-
ern boundary (Fig. 1) is mainly accommodated

by transpressional seismotectonic activity along
the border of the Southern Alps (e.g., Benedetti
et al. 2000; Galadini et al. 2005). In the northern-
most Dinarides, the relative motion between the
Adriatic plate and the Carpatho–Pannonian zone
is accommodated by a system of dextral faults
(e.g., Poljak et al. 2000).

South of the Istria peninsula, compressional
and transpressional features are recognized along
the eastern border of the Adriatic plate (Fig. 1).
This deformation, associated with high seis-
motectonic activity, accommodates the oblique
underthrusting of the Adriatic plate beneath the
Southern Dinarides (e.g., Markušić and Herak
1999). Compressional deformation in the North-
ern Hellenides and transpressional deformation
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at the Cephalonia fault system (e.g., Louvari
et al. 1999, 2001) accommodates the convergence
between the Aegean wedge and the Southern
Adriatic plate (e.g., Mantovani et al. 2006). The
decoupling of the Adriatic–Dinarides system from
the Aegean–Hellenides one is also accommodated
by a complex pattern of NW–SE thrusts and NE–
SW dextral shear zones in the Albanides (e.g.,
Aliaj 2006; Bennett et al. 2008).

Considering the kinematic/tectonic synthesis
described above (Fig. 1) and the concept of ac-
celerated plate tectonics (e.g., Anderson 1975),
one may expect some interaction among peri-
Adriatic seismic sources. For instance, seismicity
in the Apennines belt may be favored by decou-
pling earthquakes at the Dinarides–Albanides–
Hellenides transpressional zones, since such
events allow acceleration of the Adriatic plate,
which is closely connected with the MS wedge, as
discussed earlier. Further effects of the Adriatic
plate acceleration may be expected in the Central
and Northern Apennines, as the ELA, RMU, and
Ligurian wedges accelerate, under the push of the
MS wedge. Most probably, the strongest resis-
tance to the acceleration of the external part of
the belt is encountered in the Central Apennines,
which, being mainly formed by a thick carbonate
platform, are characterized by a higher strength
with respect to the Southern and Northern
Apennines. Thus, major decoupling earthquakes
in the axial part of the LA platform, at the Aquila
or Fucino shear zones, may influence seismic-
ity in the Northern Apennines. The next section
describes some regular occurrence of major earth-
quakes in the Apennines belt, which might be
explained in the framework of the proposed tec-
tonic setting.

3 Long-term earthquake forecasting
in the Southern Apennines

The possible influence that the major decoupling
earthquakes at the eastern Adriatic collisional
boundary (Dinarides and Hellenides) may have
on the seismicity of Apennines has been explored
by Mantovani and Albarello (1997). Such kind
of a study, carried out with updated seismic cat-
alogues and taking into account the information

more recently acquired on the tectonic setting,
suggests that the sectors of the western and east-
ern Adriatic borders that present the best time
correlation between major earthquakes are the
ones shown in Fig. 3. The list of major events that
have occurred since 1200 in those zones (Table 1)
shows that in the most recent period (since 1850),
presumably characterized by the most complete
seismic catalogue, the major Southern Apennines
events (M > 5.5) have been almost regularly
preceded, within less than 4 years, by strong
earthquakes (M > 6) in the Southern Dinarides–
Albanides zone.

Numerical simulation of post-seismic relax-
ation induced by the last strong event in the

Fig. 3 Geometries (boxes) of the presumably interrelated
Southern Apennines and Southern Dinarides–Albanides
zones, sites of the earthquakes given in Table 1. The upper
and lower pictures respectively show the distributions of
the events following and preceding 1850. Symbols refer to
the following papers: 1 Albini (2004); 2 Ambraseys (1990);
3 Comninakis and Papazachos (1986); 4 Guidoboni and
Comastri (2005); 5 Papazachos and Comninakis (1982); 6
Papazachos and Papazachos (1989); 7 Postpischl (1985); 8
Shebalin et al. (1974); 9 Working Group CPTI (2004). The
focal mechanisms of the last two presumably correlated
events in the two zones (Boore et al. 1981; Giardini 1993)
are given close to the respective boxes in the upper frame
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Table 1 List of major earthquakes that occurred since
1200 in the Southern Apennines (M >5.5) and Southern
Dinarides–Albanides (M �6) zones shown in Fig. 3

Southern Apennines Southern Dinarides

1980 (6.9) 1979 (7.0, 6.3)
1962 (6.2) 1962 (6.0), 1959 (6.0, 6.4)

1942 (6.0)
1930 (6.7) 1927 (6.0), 1926 (6.1)

1923 (6.2)
1910 (5.9) 1907 (6.2), 1906 (6.5), 1905 (6.6)

1870 (6.4), 1869 (6.2), 1865 (6.2)
1857 (7.0) 1855 (6.5)
1851 (6.3), 1853 (5.9) 1851 (6.1, 6.7, 6.0, 6.1)

1843 (VIII)
1836 (IX) 1833(X)

1831 (VIII) 1827 (VIII)
1826 (IX) 1823 (IX)

1816 (VIII)
1805 (X)

1780 (IX)
1732 (X)
1702 (X)
1694 (XI)
1688 (XI)

1667 (X)
1639 (IX)
1632 (IX)
1631 (IX)
1617 (VIII)
1608 (IX, X, IX)

1561(X) 1563(X)

1559 (IX)
1530 (IX)
1520 (IX)

1517 (VIII) 1516 (IX, X)
1504 (IX)
1481(IX), 1479 (IX)
1473 (IX)

1466 (VIII)
1456 (IX, XI, XI, IX) 1451 (IX), 1444 (IX)
1386 (VIII) 1380 (IX)
1361(X) 1359 (IX)
1293 (IX)
1273 (IX) 1273 (IX, X), 1270 (IX, X)

Before 1850, macroseismic intensities are indicated by
Roman numerals. The presumably correlated events
are italicized. Data taken from Shebalin et al. (1974),
Makropoulos and Burton (1981), Papazachos and
Comninakis (1982), Postpischl (1985), Comninakis and
Papazachos (1986), Anderson and Jackson (1987), Jackson
and McKenzie (1988), Papazachos and Papazachos (1989),
Ambraseys (1990), Albini (2004), Working Group CPTI
(2004), Guidoboni and Comastri (2005)

Southern Dinarides (Montenegro 1979, M = 7.0)
provides a plausible physical explanation for the
observed delays between Dinaric and Southern
Apennines events (Viti et al. 2003). This explana-
tion is based on the frictional behavior of seismic
faults (e.g., Niemeijer and Spiers 2007; Savage
and Marone 2007) and on the hypothesis that the
arrival of the strain-rate peak induced by the trig-
gering earthquake determines the highest proba-
bility of induced seismic events (e.g., Pollitz et al.
1998; Viti et al. 2003; Cenni et al. 2008). Con-
sidering that the Southern Apennines is the seis-
motectonic zone nearest to the triggering Dinaric
sources and that strain perturbation induced by
post-seismic relaxation experiences a fast attenu-
ation with distance, it seems reasonable to expect
that the most evident effects of such phenomenon
occur in that zone.

To assess the statistical significance of the
observed correlation for the period following
1850 (Table 1), we have evaluated by the Monte
Carlo procedure the probability that all the seven
Apenninic events have occurred by chance within
a delay comprised between 3 and 5 years from a
Dinaric earthquake. Accordingly, 10,000 sets of
seven random Apenninic events have been gen-
erated with uniform probability (Press et al. 1992)
for the time interval 1850–2007, and the number
of successful correspondences has been computed
for each set. The results of this test (Table 2)
indicate that the observed full correspondence has
a probability ranging between 0.04% and 0.4%.
Similar values can be obtained by simply assum-
ing that the probability of an Apenninic event
being predicted by chance is given by the ratio
between the total prediction time and the entire
time interval considered. This probability and the
binomial distribution can be used to compute the
probability that seven times out of seven trials, an
Apenninic event occurs by chance in the time
interval covered by the Dinaric predictions. The
result of this computation (0.02–0.1%) fairly
agrees with the one obtained by the Monte Carlo
procedure. The fact that the above probability
is largely lower than the conventional threshold
value of 5% underlines the statistical significance
of the observed correlation.

In order to better understand the practical use-
fulness of the observed correlation, we have also
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Table 2 Results of statistical tests applied to post 1850 earthquakes in Table 1

PT Nsu Nna Nfa Nsu + Nna FT YP (year) Sig (MC) Sig (Bin) Psu Pfa Pna Ppr
(year) + Nfa

3 8 0 8 16 0.29 46 0.0004 0.0002 0.50 0.50 0.10 0.90
4 9 0 8 17 0.33 53 0.0018 0.0004 0.56 0.44 0.09 0.91
5 11 0 5 16 0.38 60 0.0041 0.0011 0.67 0.33 0.08 0.92

The considered time interval is 158 years (1850–2007)
PT precursory time (the Apennine earthquake is assumed to occur within PT years after the Dinaric event); Nsu number
of successful predictions; Nna number of non alarms; Nfa number of false alarms; FT fraction of time covered by alarm; YP
number of years covered by alarm; Sig (MC) and Sig (Bin) significance level (probability to have by chance the observed
number of successful predictions) computed by the Monte Carlo and Binomial approaches respectively; Psu probability of
a successful prediction; Pfa probability of a false alarm; Pna probability of a failed alarm; Ppr probability that an Apenninic
event is predicted

evaluated, given an event in the Dinarides, the
probability of a successful prediction (Psu), a false
alarm (Pfa), a failed alarm (Pna), and a predicted
event (Ppr). To this purpose, we have adopted a
Bayesian approach (Rhoades and Evison 1979),
which provides that the above probabilities can be
computed on the basis of the number of successful
predictions (Nsu), false alarms (Nfa), and failed
alarms (Nna) by the following relations:

Psu = (Nsu + 1)
/
(Nsu + Nfa + 2)

Pfa = 1 − Psu

Pna = (Nna + 1)
/
(Nna+Nsu+2)

Ppr = 1 − Pna

The most significant information obtained by this
investigation (Table 2) is the low value of the
probability (Pna) that a major earthquake occurs
in the Southern Apennines without the occur-
rence of a Dinaric precursor in the previous few
years. From the physical point of view, this re-
sult would imply that seismic slip at one of the
Southern Apennines faults can hardly occur with-
out the decisive contribution of the sudden strain
rate increase (even reaching ten times the normal
value) induced by post-seismic relaxation (Viti
et al. 2003). However, the limited length of the
period considered in the above tests does not
allow us to know the real uncertainty that may be
associated with the above probabilities.

Although the completeness of seismic cata-
logues in the period preceding 1850 cannot easily
be checked, the available information on the ma-
jor earthquakes that occurred in both the involved
zones from 1200 to 1849 (Table 1) might pro-
vide further support to the more recent corre-
lation. For instance, it is noteworthy that in the
period preceding 1600, several strong Southern
Apennines earthquakes have occurred a few years
after major events in the Dinaric zone. The worst
correspondence between Apenninic and Dinaric
events occurs from about 1600 to 1850. In this
regard, one could note that in the 1668–1832 time
interval, known seismic activity in the Southern
Dinarides–Albanides zone is very scarce, with
only one moderate event (1780, M = 6). The fact
that this anomalously low activity mainly coin-
cides with the period of maximum influence of
the Ottoman domination, which did not favor the
documentation of seismic damages in the affected
zones (e.g., Albini 2004; Guidoboni and Comastri
2005), might not be a mere coincidence. One could
also note that the most intense seismic activa-
tions of major faults in the Gargano zone (1627,
M = 6.7 and 1646, M = 6.3) occurred during the
longest time interval not characterized by major
earthquakes in the Southern Apennines (1561–
1688). Since the dextral strike-slip mechanism of
a Gargano earthquake (e.g., Piccardi et al. 2006
and references therein) is expected to induce in
the Southern Apennines a strain perturbation op-
posite to that induced by Dinaric events (roughly
NE–SW extension, e.g., Viti et al. 2003), it may be
that the above Gargano earthquakes contributed
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to reducing strain accumulation in the Southern
Apennines normal faults and, consequently, de-
layed the next earthquakes in that zone.

The results given in Table 2 indicate that the
most reliable Dinaric precursors (Psu = 67%)
use a forecasting time interval of 5 years. Con-
sidering that the magnitude of the strain pertur-
bation induced by strong Dinaric events is sig-
nificantly higher than the sensitivity of geodetic
observations (Viti et al. 2003), the occurrence of a
Dinaric event should stimulate the organization
of suitable geodetic surveys or other geophysical
observations in the zones involved in order to
gain further insights into the mechanism of long-
range interaction between seismic sources in the
peri-Adriatic zones. Such information could allow
a reduction of false alarms, improving the prac-
tical usefulness of the observed interrelation for
long-term earthquake prediction in the Southern
Apennines.

4 Long-term earthquake forecasting
in the Northern Apennines

The proposed kinematic/tectonic synthesis (Figs. 1
and 2) suggests that the deformation and associ-
ated seismic activity in the Northern Apennines
is mainly driven by the indentation of the east-
ern part of the LA platform. A detailed descrip-
tion of the evidence and arguments that support
this interpretation is given by Viti et al. (2004,
2006) and Cenni et al. (2008). When a strong
decoupling earthquake occurs along one of the
two main shear zones longitudinally cutting the
LA platform, the corresponding decoupled ELA
block accelerates, causing an increase of stress and
possibly of seismotectonic activity in the Northern
Apennines. Depending on which of the two de-
coupling LA shear zones is activated, the above
indentation mechanism may produce different
deformation patterns and related seismicity dis-
tribution in the Northern Apennines. If seismic
slip occurs at the more external Aquila fault sys-
tem, the decoupled ELA wedge, being relatively
narrow, mainly stresses the Laga wedge and the
outermost sector of RMU.

Three possible examples of this case, charac-
terized by very strong earthquakes, are shown in

Fig. 4. The first picture (Fig. 4a) shows the seismic
sequence that presumably started in 1349 with two
strong earthquakes in the Central Apennines, one
at the northern border of the MS wedge (M = 6.6)
and another at the Aquila shear zone (M = 6.5).
These decoupling earthquakes were followed by
seismic activity along the inner border of RMU.
Figure 4b shows the seismic sequence that started
in 1456 in the Southern Apennines. Initially, three
almost simultaneous strong earthquakes (1456,
M = 7, 6.6, and 6.3) struck the internal exten-
sional border of MS and one event (1456, M =
5.8) activated the Aquila shear decoupling zone.
The presumed consequent acceleration of MS and
ELA, favored by the above decoupling events,
increased stresses in RMU, causing seismic activ-
ity along the internal border of that wedge. The
activation of the Aquila fault system continued
with the occurrence of another major event (1461,
M = 6.5). As in the previous cases, the decoupling
earthquakes in LA were followed by moderate
earthquakes at the extensional border of RMU.
Figure 4c shows the earthquake sequence that
started in the Southern Apennines in the 1688
and then migrated northward along the axial zone
of the belt, reaching the southernmost edge of
RMU. In the first part of this sequence, three
strong earthquakes occurred along the internal ex-
tensional border of MS (Irpinia–Benevento zone:
1688, M = 6.7; 1694, M = 6.9; and 1702, M = 6.3).
The consequent decoupling might have allowed
MS to accelerate, with the consequent increase
of shear stress in the axial part of LA. This hy-
pothesis might explain why, in 1703, a very strong
earthquake took place at the Aquila decoupling
fault system, which ruptured up to the Southern
Tiber valley zone (Cello et al. 1998), and why, in
1706, a major event (Maiella, M = 6.6) occurred at
the transpressional border between MS and ELA.

When, instead, strong seismic slip occurs at
the Fucino decoupling fault system, as occurred
in 1915 with the Avezzano earthquake (M =
7.0), a wider sector of ELA decouples from
WLA and accelerates, significantly stressing the
Northern Apennines (Fig. 2). In this circum-
stance, one may expect that the whole RMU
wedge, not only its easternmost sector, is stressed
by ELA, implying a lower transtensional stress
within RMU and higher stress at the northern part
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Fig. 4 Distribution of major earthquakes in the mobile
sector of the Apennines belt during four most intense
seismic crises. See text for comments. Numbers inside or
close to largest circles (M >5.5) indicate the year of oc-

currence. Data taken from Working Group CPTI (2004)
and Guidoboni and Comastri (2005). Tectonic scheme and
symbols as in Fig. 2

of this block, where it collides with the Padanian–
Adriatic structures and tends to decouple from
the Ligurian wedge (Fig. 2). This interpretation

is consistent with the fact that the activations
of the Aquila fault system were followed by seis-
mic activity at the internal boundary of RMU
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(Fig. 4a–c), whereas the seismic activity that fol-
lowed the activation of the Fucino system mainly
affected the northern edge of RMU and the in-
ternal border of the Ligurian wedge (Fig. 4d).
In particular, one could note that the first ma-
jor seismic effect of the Avezzano earthquake
took place at the outer compressional border of
RMU (Marecchia, 1916, M = 5.8 and 5.9). The
subsequent event occurred in the internal ex-
tensional border of that wedge (Northern Tiber
trough, 1917, M = 5.7). The Forlivese zone, where
the third major earthquake took place (1918, M =
5.7), probably corresponds to the transpressional
decoupling belt between the RMU and Ligurian
units (Costa 2003; Viti et al. 2004). The last two
major events of the 1916–1920 sequence took
place along the internal extensional border of
the Ligurian wedge (Mugello, 1919, M = 6.2 and
Garfagnana, 1920, M = 6.5), suggesting that the
above phase also involved an outward displace-
ment of that wedge.

Numerical modeling of post-seismic relaxation
induced by the 1915 Avezzano earthquake (Cenni
et al. 2008) shows that the delays of the ma-
jor Northern Apennines earthquakes (1916, 1917,
1918, 1919, and 1920) with respect to the 1915
triggering event are compatible with the travel
times of the induced strain-rate peaks.

5 Conclusions

It is argued that the probability of major earth-
quakes in the Southern and Northern Apennines
significantly increases in the first few years follow-
ing strong decoupling earthquakes in the South-
ern Dinarides–Albanides and Central Apennines
zones, respectively. This hypothesis is based on
the influence that the geodynamic and tectonic
settings of the Central Mediterranean region may
have on the time–space distribution of major
earthquakes, considering the expected effects of
post-seismic relaxation. The reliability of the pro-
posed interpretation is supported by the recogni-
tion of regular occurrence of major earthquakes in
the Apennines region, in particular by the fact that
since 1850 all major earthquakes (M > 5.5) in the
Southern Apennines have been preceded within
few years by strong seismic events (M � 6) in the

Southern Dinarides–Albanides zone. Numerous
examples of correlated major events exist in the
previous history (1200–1850) of these two zones,
even though the number of non-correlated events
is higher than in the recent period.

The observed seismic interrelation and the un-
derlying tectonic interpretation may contribute to
defining the time-dependent seismic hazard in the
Southern Apennines.

For instance, the statistical analysis of the post-
1850 data set suggests, with a low level of uncer-
tainty, that the probability of a major earthquake
in the Southern Apennines is low (about 10%)
when no major events have occurred in the re-
lated Dinaric zone in the previous few years. A
higher level of uncertainty is associated with the
other aspect of that problem, that is, the proba-
bility that a major Dinaric event is a successful
precursor of an Apennine earthquake. In partic-
ular, the probability of false alarms is relevant
(50% within 3 years, 33% within 5 years). This
last problem could be attenuated by a deeper
understanding of the mechanism which underlies
long-range interaction of seismic sources. Such
improvement might be achieved by more realistic
quantifications of post-seismic relaxation induced
by peri-Adriatic strong earthquakes, taking into
account more detailed structural contexts and pos-
sibly more realistic modeling of seismic sources.
Such a study should be conducted for a number
of past strong earthquakes, looking for a satisfac-
tory explanation of post-seismic earthquake distri-
bution in the surrounding zones. Other precious
opportunities to gain insights into this problem
will be offered by the occurrence of future major
earthquakes in the presumably interrelated zones,
emphasized by the considerably improved obser-
vation potentiality provided by continuous geo-
detic monitoring with increasingly dense global
positioning networks.

The hypothesis that long-range interaction of
seismic sources also occurs in the Central and
Northern Apennines is only tentative for the mo-
ment, since it is not supported by a significant
seismic correlation like the one recognized in the
Southern Apennines. However, notwithstanding
the lack of such an empirical validation, we think
that the existence of the above phenomenon is
plausibly suggested by important evidence and
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arguments, as indicated in the text. Thus, the oc-
currence of future strong decoupling earthquakes
in the Central Apennines should be used to set up
suitable geodetic and geophysical surveys, aimed
at reconstructing the time–space evolution of the
migrating strain perturbation.

The geodetic observations carried out in the
Apennines belt during the last 5–10 years have
allowed a fairly accurate definition of the velocity
field in the study area, presumably representa-
tive of a nonperturbed situation. Such information
may then be used as a reference frame for recog-
nizing possible future anomalous patterns of the
velocity and strain fields.
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