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ABSTRACT: The study is based on the gssumption that strong carth-
quakes are assaciared with the nodes that are specific structures formed
arownd the ntersections of the foult zones. The nodes have been
delineated with the morphostrucrural zonation method, based on the idea
that the lithosphere is made-up of different-scale blocks, separated by
mobile boundaries. The morphostructural map, compiled with the GIS
technology at the scale of 1:1,000.000, shows the hierarchical block-
strieture of the region, the network of boundary zones, the hounding hlocks,
anel the foed of the nodes. The results of the morphostructural analysis
indlicate the very important role of the E-W trending fauwlt zones in the
preseat-day block-structure of the vegion around the Adria margin,
peninsilar fraly and Sicily, especially in the Apennines, The crusial
earthguakes with M = 6.0 recorded in the region are nucleated at seme of
the mapped nodes. With the assumption that the furire strong evenis will
accur al the nodes, the seismic potential of each node hax been evaluated
Jor oo magnitude thresholds, Mz 0.0 and M > 6.3, The pattern recogni-
tion algorithm "CORA-3" has beew wsed in order to identifv the nodes
capable ofearthiguakes with M = 6.0 . Due o the few recorded quakes with
M=6.5 in the stdied region, pattern recognition is not applicable to
identify the nodes prone to guakes with M= 6.3, The nodes capable of such
earthguakes have been identified by the evitevia of high seismiciny nodes,
previowsly derived from pattern vecognition in the Pamirs-Ticn Shan
rewfon. The resulty obtained ndicate a high selsmic potential for the
studied areq and provide important information for seismic hazard
asyessment: a number of nodes where strong events have not been
recorded to date, have been recognized to be prone ta large earthyguakes
and they may warrant a deiailed interdisciplinary investigation.

Kevwords; Seismogenic nodes; Morphostructural zonation; Pattern
recopnition; Adria margin

1. Introduction

The Adria plate, delineated by Lort [1] and carcfully
studied by Anderson & Jackson [2], is positioned in the
central part of the Mediterranean and it is surrounded by
high-topographic belts that mark its boundaries. The
seigmicity pattern exhibits the inerease of the seismic
activity and of the intensity of single events from the
Adriatic Sea, central part of the plate, toward its margins,
The tetritories around the Adria plate are densely

populated and industrialized. The goal of the planned
mvestigation is to identify the areas of high seismic
potential along the margins of the Adria. Here we deal
with the region comprismg the [talian Penmsula, Sicily and
the adjacent marine shelf of the Tyrrhenian and Adriatic
seds,

The studied area 15 a well-defined seismo-active
region frequently affected by strong earthquakes. Seismic
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hazard assessment and identification of the seismogenic

zones in this region have been the subject of numerous

mvestigations in the last decades e.g. [3, 4, 5,6, 7 and 8].

This study is based on the assumption that strong
earthquakes are associated with the nodes, specific
structures that are formed around the intersections of the
fault zones, The fact that earthquakes are nucleated ot the
nodes was first established from observations in the Pamirs
and Tien Shan [9]. The non-random nature of this
phenomenon has been proven by an especially designed
statistical test [10]. McKenzie & Morgan [11] first
described the physical mechanism of node’s formation,
and the model for their origin has been recently proposed
by Gabrielov, etal [12]. According to this model, the block
interaction along intersection faults leads to stress and
strain accumulation and secondary faulting around the
inlersection, This causes the peneration of new faults of
progressively smaller size, so that a hierarchical mosaic
structure- a node - is formed around the intersection.

The nodes are delineated by the morphostructural
zonation method [13, 14] on the basis of geomorphologic
and tectonic information, with no any connection with
sesmcity data, The nodes prone to strong earthquakes
are identified by the methodology based on pattern
recognition [9]. This approach has been applied to many
reglons of the world for the recognition of earthquake-
prone areas 3, 9, 15, 16, 17, 18, 19, 20, 21], and the
predictions made by this methodology in the last 3
decades have been followed by many events (84% of
the tatal} that occurred in some of the nodes previously
recognized to be the potential sites for the vecurrence of
strong events [22, 23],

In this study we tecognize seismopgenic nodes for two
magnitude thresholds, M = 6.0 and M = 6.5,

Pattern recognition is used to identify the nodes
capable of earthquakes with M = 6.0, as done earlier by
Caputo et al [3] for the ltalian territory, The update of
Caputo et al [3] investigation is made necessary by two
main of reasons:

o The new data about aclive faults, geotectonics and
seismotectonics of Italy, become available during
the last two decades and

The availability of reconsidered and updated
carthquake catlogues of ltaly. This study is
performed ona more detailed level (momphostrc-
lural zenation performed at the scale ol 1:1,000,000)
than the one by Caputo etal [3] and gravity dat
are used in the recognition of the nodes prone
1o earthquakes with M > 6.0,

In the studied region, pattern recognition is not
applicable to identify the nodes prone to M =6.5
earthquakes because the number of such events is
insufficient for the learning stage of the pattern
recognition. Because of this, in order to identify the nodes
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prone to the A > 6.5 quakes, we use the criteria of high
seismicity (M > 6.5) defined by pattern recognition in the
Tien Shan-Pamirs region [24]. The criteria have been
already tested in other parts of the Apline-Himalayan
seismic belt, namely in the Greater Caucasus [19], in the
Carpatho-Balkan mountains [25] and in the Kopet Dagh
region [26]. Inall these regions, the nodes hosting M = 6.5
quakes were properly recognized,

2. Methodology

Two principal steps compose the methodology. In the first
step, the subjects of the analysis-the morphostructural
nodes- are delineated by the morphostructural zonation
method. Tn the second one, the seismic potential of each
node is evaluated with the help of the pattern recognition
algorithm “CORA-3". Hereby we report only the basic
definitions necessary to facilitate the reading of the paper,

2.1 Fdentification of the Nodes

The nodes are delincated by means of the methodology
called morphostructural zonation (MZ), which is based on
the widely accepted concept that the lithosphere is built
up by different-scale blocks separated by mobile
boundaries. Special attention is paid to the present-day
topography, a clear expression of the recent tectonics,
By the MZ the territory 15 divided into a system of
hierarchically ordered areas, characterized by certain
homogeneity of the present-day topography and of the
tectonic structure. Three types of morphostructures are
distinguished by MZ:
& Areas (block) of different ranks;

-

= Their boundary zones, called lineaments;
o Sites where boundary zones intersect, called nodes.
The present-day topography is chiefly anmalyzed in
terms of its morphometry, and the following topographic
features are faken into consideration
%  Elevation, orientation, and slope of topography;
i  The drainage pattern and its variations;
*»  Lincarelements of the Earth surface such as rectilin-
ear segments of Tivers, ravines, escarpments; ete,
MZ is hierarchically ordered, hence the territorial units
(blocks) and the boundary zones are assigned with ranks.
The regional structures with a common orogenesis (e.g.,
the Apennines as a whole) are considered as the highest
(first} rank units; in MZ they are called mountain
countries: They are divided into second rank areas called
megablocks. The megablocks are further subdivided into
areas of third rank called blocks. The neighboring blocks
should differ at least in one of the three considered
characteristics of the present-day topography. The
mepgablocks are the territories within which all the three
features of the present-day topography are similar or
change with a common regularity,
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A boundary zone 1s of first, second or third rank, if it
limits first- or second - or third-rank areas, respectively,
With respect to the regional trend of the tectonic structure
and topography, two types of boundary zones are distin-
guished;

o Longitudinal and
& Transverse lineaments

Longitudinal lineaments are approximately parallel to
the regicnal strike of the tectonic structure and of the
topography and include long pieces of the prominent
faults. Transverse lineaments intersect the regional trend
of the tectonic structure and of the topography. They
appear on the Earth' surface discontinuously and are
represented by tectonic escarpments, by rectilinear paris
of river valleys, and partly by faults,

The nodes are formed at the sites where the block
boundaries of different orientation intersected, and are
characterized by particularly increased fragmentation of
the crust and contrasting geotectonic movements with a
resulting mosaic pattern of the tectonic structure and of

the topography,

2,2, Recognition of Seismogenic Nodes

In the framewaork of our methodology, the problem of
pattern recognition is formulated as follows. Givena setof
patterns cach of them belongs to one and only one of a
few classes. This general set of patterns contains some
sample patterns (Mtraining sef™) whose classification is a
priori known, The goal is to select the distinerive featires
of each class and, using these features, to classify all
incoming patterns.

Tn our case, each pattern is a node represented by a
vecior. The components of each vector are measured
values of the parameters of the nodes. This paramerter
vector is exploited as an input of a classifier.

The identification of carthquake-prone areas is a
two-class recognition problem since any node is either
prone or non-prong to an earthquake wit a cerfain magni-
mide. The goal of pattern recognition 1s to divide all the
nodes detineated in the studied region in the two classes:

I Class £, constitnted by the nodes where strong
earthquakes may be nucleated {hosted):

ii Class V, constituted by the nodes not capable of
sirong earthquakes.

The recognition process includes two stages:

L. Learning stage:
Selection of the distinctive features of each class
on the basis of the training set composed by D)
and N subsets, which are constituted by all the
sample nodes representative of the clagses O and
N, respectively.
2. Classification stage:
Determination of which class each node belongs to.

The well-tested “CORA-3" pattern recognition
algorithm, described by Gelfand et al [17] and Cisternas et
al [16] has been used in this work. The distinctive features
{charactenistic traits) for classes D and N are selected as
follows,

Let ! be the number of components of the binary
vectors representing the node. The trait is a matrix A
defined as follows:

[l

8, &, &

oo

where §),4;,1;, are natural numbers, such that 1<7,<4,
si;=land §;,5,,8; areequal to 0 orto 1. We say the
node (binary vector) numbered { .m' = () ,,-_._131.__,:4;";} has
the trait A if

oy =8y, of, =8, wf =8

The characteristic traits are sclected by vsing four
parameters of thealgorithm & ./, & 5. 5, which must be
integer non-negative values, Let I be the set of all the
nodes considered and K (W) A) the number of nodes
o' &, which have the trait A. The trait A is a character-
istic trait of class D if K (D, A)2 k| and K (N, A)<k,.
and the trait A is a -:hnrztc;tcristic trait of class N'if K (N,
Ayzk, and KD, A)<k,.

The classification is made as follows, For each node
! of the characteristic traits of class D,
the number "HJ of the ones of class NV, and the difference
A =n D“' —7 N" are calculated. Set 2 includes the nodes
w' . for which 4; = A The nodes, for which 4, < 4, are
assigned to set V. A, as well as Ic1,.iﬂ,k:,and J':_: isa
parameter of the algorithm,

Since the “CORA-3" algorithm works with binary
vectors, it 1s necessary to convert the vectors describing
the nodes (actual values of the parameters) into binary
vectors by means of diseretization and coding. The
range of the value of each parameter is divided into two
ar three parts (interval open to the left) by specifying
one er two thresholds of discretization. This leads to the
loss of some information but it maokes the results of the
recognition more stable to the fluctuations in the data,
e.z. the non-uniqueness of the MZ. In one-threshold
discretization two intervals are considered for the real
component, which i converted into one binary
component with the value 1 (“small™) or O (“large™).
Correspondingly, in two-threshold discretization the
real component is converled info two binary components
with the values 11 (*small™), 01 (“medium™) or 00 {“large™).

o' the number Ny

3. Morphostructural Zonation

The morphostructural map, shown in Figure (1), has been
implied using the G5 technology at the scale of 1:1:000,000

JSEE: Spring 2003, Vol 4, No. [ /3



Ad Gorshkow, of al

by the combined analysis of topographic, tectonic,
geological maps and satellite photos. The designed map
shows the hierarchical block-structure, the network of the
lineaments bounding the different blocks, and the loci of
the nodes-sites where lineaments intersect.

The considered part of the Adria plate includes most
ofthe Italian Peninsula and the adjacent marine shelf, The
large-scale tectonic domains that build up the region have
been assigned fo the first-rank areas. They arc the
Apenmnes, Calabria and Sicily, which differ in present-
day topography {physiography), tectonic style, lithology
(stratigraphy), and geological history,

3.1 Apennines

Their borders are the Alps and the Tyrrhenian basin to the
west, the Po basin and the Adratic-Apulian foreland to

AQN —

the north and 1o the east, and Calabria 1o the south.
AL Firs-Rank Lineaments

The lineament 1-7, see Figure (13, corresponding to the
Sestri-Vollaggio fault zone [27], is the boundary between
the Apennines and the western Alps. In the north and in
the east, the lineament 1-98, that separates the Apennines
from the Adriatic foreland, it has been traced along the
footline of the Apenmnes, therefore its position and
configuration are slightly different from the fault line
marking the Apennine-Maghrebides Main Thrust Front
[28]. In the south, the lineament 103-106 is the boundary
berween the Appennines and Calabria: it corresponds to
the Sangineto ine [29] or to the Palinuro fault according 1o
Mantovani et al [30]. In the west, the junction of the
Apenninic structures with the Corsica-Sardinia block and

i i i the lineaments of tha
Figure 1. Morphostructural map of the study area. Violet lines are the Ilnaallnents u*f the first rank, bllue !meslare ? =
£ secand rank, green lines are the fineaments of the third rank, cenlinucus lines are the longitudinal linsaments, discontinuaus
ones are the transverse lineaments. Modes are numbared from 1 to 146, Ap, Apenninas; AF, Adriatic foredeep; AP, Apulian
platform; BF, Bradanic foredeep; C, Calabria; G, Gargano Promontory; 5, Sicily.
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the Tyrrhenian basin is very complex. The lineament 7-103,
marking this boundary, has been traced along the steep
slope between the shelf zone and the abyssal plains of the
Tyrrhenian basin. Some fragments of the lineament include
faults shown on tectonic maps [28, 31].

3.1.2. Megablocks and Lineaments of the Second Rank

Along the Apennines the topography changes sharply
over short distances and this indicates that very inhomo-
geneous and complex recent tectonic movemenis are
acting along the mountain chain, Due to the variety of
its topography, seven megablocks have been outlined
in the Apennines.

Megablock Apl, see Figure (1), embraces the Northern
Apennines comprising three en-echelon ridges. The
mepgablock is divided into blocks by ME -5F fransverse
third-rank lineaments. Blocks differ in the height of topog-
raphy and orientation of ranges. Their boundaries, trans-
verse lineaments 8-13, 12-19 and 17-18, coincide with the
transter zones shown on the structural map of Carmignani
eral [32).

In the Central Apennines, the megablocks Ap2, Ap3,
Apd and Ap3 have been delineated. They differ in the
dominant orientation, in the elevation of the mountain belt
and they are separated by second-rank transverse
linearments with a near £- W trend, The important role of the
E-W lincaments in the morphostructure of the Central
Apenmines 15 one of the main resulis of this study. In the
previous version of the morphostructural map of Italy [3]
only the lineament 8-21 was shown, and according to
Philip [33], the Ancona-Anzio line is the most important
orthogonal discontinuity in the Central Apennines. This
line is shown on our morphostructural map as the
third-rank lineament 24-76, which controls a local change
of elevation of the Roman Apenmmes.

The lineaments 8-21 and 23-29 appear to be very
important structural boundaries between the Northern
and the Central Apennines (or even perhaps between
the “fast moving™ peninsula and the “slow moving™
mamnland north of 44" of latitude). The axes of the ndges,
located northward and southward of this boundary, are
remarkably shifred eastward suggesting left-lateral
displacements along the lincament. Additionally, the
srrike of the castern footline of the Apennines and of the
Adriatic foredeep changes sharply at the intersection with
this lineament. To the north and to the south of the
lincament, contours of gravity anomalies [34, 35] and of
the Moho discontinuity [36] display different pattern,
indicating deep-seated deformations within the zone of
the lineament. The deformations probably reach the
upper mantle as indicated by the properties of the upper
lithesphere (the lid), which exhibit a notable difference in
areas separated by this lineament [37, 38].

The E-W trending lineament 23-29 limits to the north
the Umbria-Marche Apennines: Wise et al [39] has
identified, in this area, topographic lincaments with such
orientation. The lineament is traceable to the east since
the orientation of the fault system in the North Adriatic
Sea floor chanpes from a MNW trend, north of the
lineament. to a WNW trend south of it.

The lincament 47-52 is the northern boundary of the
most elevated segment of the Apennines, the Gran Sasso
Mountain; it includes the £ - W Gran Sasso Front and an
active fault bordering the Rieti basin [40]. The sastward
extension of the lineament separates the shallow Morth
Adnatic basin and follows the trend of the faults shown
on the tectonic maps [28, 31].

The E-W lincament 58-62 delimits the Abruzzo
Apennines; it is raced along the northern border of
the Fucino Quaternary basin and it includes the
Velino-Magnola Mts, fault [41], Its eastern extension, the
third-rank lineament 62-67, limits the Gargano Promousary
to the north.

We consider the nearly £ -W lineament 72-73 as a
morphostructural boundary between the Central and
Southern Apennines. From the MZ point of view, the
Oriona-Roccamonfina line [e.g. 8, 30] does not satisfy the
requirements of a morphostructural boundary because
south of the line the topography exlubits the same trend
and elevation as the Central Apennines. In our opinion, a
sharp change of the topopraphy pattern is associated with
the lineament 72-75. The zone of this lineament includes
the nearly £ - W lefi-lateral strike-slip motion identified by
Salvini [42] near the town of Frosinene and a system of
young {Juaternary intermountain basins.

In the Southern Apennines, megablock Ap6, the
topography is quite different from that in the Central
Apennines that are formed mainly by hills and simall ridges
of chaotic orientation. The blocks, delineated by MZ,
mostly differ in the topography elevation and are bounded
by a system of nearly £ -I transverse lineaments partly
associated with faults. In particular, the lineament 82-89
near to the town of Avelling, includes an active fault
defined by Bousquet et al [43] who suggest the wide-
spread development, in the Southern Apennines, of
seismogenic structures oriented £ -4 The lincament 92-96
in the Southern Apennines includes faults shown on the
structural map of Italy [28] and it is traceable, for a long
distance, towards to the Corsica coastline in accordance
with the magnetic lineament defined by Marson et ol [38]
within the Tyrrhenian Sea, The lineament 102-106
corresponds to the Polline fault [44].

Unlike other segments of the Apennines, low topogra-
phy and young volcanic activity characterize the
megablock Ap7. The megablock is separated from the
high-topographic belt by the second-rank lineament 19-92
which passes along the western footline of the Apenninic
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ranges, in accord with the fault system shown on the
structural and neotectonic maps [28, 45].

The morphostructural analysis of the Apennines
tentatively indicates left-lateral motion along most of the
outlined £-W transverse lineaments, This motion is
evidenced in the topography by the castward displace-
mient of the range axes and of the eastern footling of the
Apennines. These displacements led to situation that a
block, located south of each lineament, 1s slightly shifted
eastward with respect to those situated north of the same
lineament. Of course, this is only a hypothesis on possible
recent kinematics of the Apennines and a more accurate
analysis has to be conducted.

3.2 Calabria

Unlike the Apennines and Sicily, crystalline rocks
compose most of this mountain country, and the
topographic pattern is markedly different as compared to
the neighboring mountain countries,

3.2.1. First-Rank Lincaments

To the west and to the cast, these lineaments are traced
along steep scarps flanking the deep marine basins. The
first-rank lineament 1 28-145 following the Messina-Giardini
[ault and the Malta Escarpment separates Calabriz from
Sicily.

3.2.2. Megablocks and Lineaments of the Second Rank

Two megablocks, marked C1 and €2 in Figure (1), have
been delineated in the region. The first one occupics the
peninsular part of Calabna, the second one embraces the
adjacent shelfof the Tyrrhenian Sea. The two megablocks
are separated by a longitudinal second-rank lineament
traced along the steep fault searp between the shelf and
Calabria,

In Calabria, the structural setting is well evidenced by
the regional morphology. All the outlined transverse
third-rank lineaments are in agreement with the
morphostectonic lines shown by Moretti & Guerra [46],
The dense network of lineaments is conditioned by the
increased fragmention of the crust in this region.

3.3, Sicily

The topography and the structural setting of Sicily are
clearly different as compared to the Apennines and
Calabria. Low-clevated ranges with nearly £-W orientation
and hills dominate the present-day surface relief,

FA L First-Rank Lineaments

Sicily is bounded by first-rank lineaments only to the north
and to the east since the western and southern
morphostructural boundaries of this first-rank block are
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outside the region considered. The northern houndary,
first rank lineament 119-121, is traced along the Aeolian
and Ustica [sland. To the west and to the south, Sicily is
bounded by second-rank lineaments that separate the
istand from the shelf zone,

3.3.2. Megablocks and Liveaments of the Second Rank

Two megablocks, 5/ and 52, are delineated by MZ.
Megablock S/ occupied most of the island, while
megablack 52 includes the adjacent shelf zone. The
boundary between them, lineament 123-128, is traced in
accordance with the fault zone shown on the neotectonic
map of laly [45].

The third-rank longitudinal lineament 134-140 delimits
the Kumeta-Alcantara Mountains. Transverse third-rank
lineaments with NW-SF orientation are associated with
the sharp changes of altitude of these mountains. The
transverse lineaments 122-141 and 136-142 comespond to
the Sciacea and the Comiso-Scicli faults [30]. respectively.

3.4, Adriatic Foreland

The western edge of the Adriatic foreland along the
Apennines is marked on the merphostructural map by
the second-rank lineaments 1-4% and 70-97, the eastern
boundaries of the Adriatic (4F) and Bradanic (8F)
foredeeps, respectively. These lineaments are traced in
accord with the faults shown en the neotectonic map of
Italy by Ambrosetti et al [45]. The Apulian platform (4 P)
is bounded by the second-rank lincaments 70-97, 70-68,
and 68-87, The Gargano promontory () 15 delimited
by the lineaments corresponding to the high gradient
zones of horizontal isostatic anomalies [37] and to well
recognized active faults e.g. [8, 30, 45].

4, Nodes and Seismicity

Since the nodes have been outlined on the basis of
cartographic sources without field investizations, their
natural boundaries have not been defined. From
observations in the Pamirs-Tien Shan region [14] the
node dimensions have been established to be 40-60km
in length and 30-404m in width. In this work the nodes
are defined as a circle of 25km radius surrounding
each point of intersection of lineaments. Such node
dimension is comparable with the size of the earthquake
source for the magnitude range considered in this work,
since, a ccording to Riznichenko [47] and Wells &
Coppersmith [48], the source size of an earthquake with
M= 6.0 is about 20%m in length and about 10&m in width.

Using this formal node definition, each point of
lineament intersection is a node but in reality, two or
three closely situated intersections may belong to the same
node.

In order to evaluate the correlation berween the
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nodes and the M = 6.0 quakes recorded in the region,
we used two earthquake catalogues NT 4.1.1. [49] and
CCI-1996 [50], covering the entire region and containing
events from 1000 to 1997, Although these catalogucs
sometimes exhibit different values for the same parameters
(mainly magnitude) for the same cvents, they are the most
complete sources on the seismic history of Ttaly, Table (1)
contains the list of the nodes and of the earthquakes
falling within each of them. The parameters of the carth-
quakes (location and magnitude) are those listed in the
two used catalogues. The epicenters of the selected events
are slightly different in the two catalogues, and to plot
them an the morphostructural map, see Figure (2), we
arbitrarily used the coordinates given by the NT4.1.1.
catalogue. Figure (2) shows only the events classified
with Af = 6.0 in both catalogues,

10E

44N

The cpicenters of these carthquakes are located near
to the intersection of lineaments. With the only two
exceptions of the epicenter of the 1688 earthquake, located
near node 73, and the epicenter of the 1732 earthquake,
located between the nodes 84-85-90, the distance between
the epicenters and the points of intersection does not
exceed 25km (Table (1) Figure {2)). Thus it is possible to
apply pattern recognition for the node classification,

5. Identification of the Seismogenic Nodes

The seismic potential of the delineated nodes has been
evaluated for two magnitude thresholds, M= 6.0 and
M > 6.5 . The nodes prone to earthquake with M= 6.0 are
identified with the pattern recognition algorithm “CORA-
3" applied to the earthquake-prone areas determination
for the first time by Gelfand etal [9], The nodes with larger

14E

42N

Figure 2. Resull of the recognition of the nodes prone to eardhquakes with M = 6.0. Dots are the epicenters with M > 6.0 listed in
Table (1), Circles are the nodes recognized to be prone to earthquakes with M2 6.0, Numbering of nodes as in Table (4),
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Table 1. Earthquakes with M> 8.5,

Made Number Regi Earthquakes
i cEen Date Lat N LonE M e M| References
. 20 10,20 NT4
114 Morth Apennmes | 1920.9.07 44 A1
44.20 10.25 b 6.7 CCI-1996
1688.4.11 4440 11.97 6.2 MNT4.1.1
44.38 [1.92 5.2 CCl1994
17 Narth Apennines 17514104 .23 I.75 .2 NT4.1.1
4423 11.80 5.4 CCl-1904%
1661.3.22 44.03 1190 6.2 MT4.1.1
44.03 11.95 5T CCl-1996
19149.6.29 43.95 11.48 (.3 MNTa.1.1
18 Central 43.95 11.48 3.5 CCI-19496
Apennimes [542.6.13 44.00 11.40 6.2 NT4.1.1
44.00 11.35 7 CCI-1996
20 Central 1584.9.12 43.93 11.493 6.2 NT4.1.1
Apennmes 9.10 4383 12,00 il CCI-1996
. [916.5.17 43.93 12.68 Gl MNT4.0.1
11 Morth Apennines T iz
P 44.17 12.92 4.7 CCI-1996
15 Central 19360.10,30 4363 13.33 6.0 MTa1.1
Apennines 43.67 13.27 58 CC-1994
1751.7.37 43.25 12.75 .7 MNT4.1.1
264 Central Y 43.23 12.75 G.1 CCI-1994
Apennings 1747417 4320 12.82 6.2 MNT4.1.1
et 4320 12,83 5.1 CCI-1996
43.53 I ) 0.2 NT4.1.1
@10,
a4 Central 1352.10.18 43.50 12.25 5.1 CCI-1996
Apennines 1781.6.03 431.58 | 2.50 6.4 MNT4.1.1
' 41,58 1257 6.3 CCI-1996
= = 4348 12:13 0.2 MNT4.1.1
1352.12.2
e T 4148 12.15 5.1 CCI-1996
4345 12.23 6.2 NT4.1.1
458.4.
2% Central $A58.5.2% 43,52 1218 -4 CCI-1996
Apennings 1789.9.30 43.52 12.20 59 MT4.0.1
o 4352 12.23 6.3 CO-19%46
4348 12.12 5.9 NT4.0.1
[§
1917420 4347 12.12 6.3 CCI-19%4
18 Central 1741.4.24 43.38 1298 6.2 NT4.1.1
E Ajreumnmcs 4342 1 3.00 5.4 CCI-1996
30 Ceontral 17499.7.28 43,17 1317 0.2 NT4.1,]
Apennings 43,13 13.13 5.6 CCl-1996
41 Central 1328.12.01 4787 13.00 6.7 HWT4.1.1
Apennines 12.04 4285 13.02 5.0 CC1-1996
§279.4.30 43,10 12,4940 0.7 MNT4.1.1
43 Ceneral 43.27 12.78 5.4 CCl-1994
Apennincs 1832.1.13 41.95 1 2.60 35 MNT4.1:1
42.98 12:60 (.8 CCL-199G
MNEIC
19697.9.26 43.02 12.87 6.1 {mb) (GHDE)
1639.10.07 42.63 13.25 6.7 MNT.1.1
45e Central 42.63 13.27 6.1 CCl-1996
B Apennincs 1703.1.14 42.67 1307 6.7 NT4.1.1
42.08 13.08 fi-h CCI-1996
50 Central 17921006 42131 13.59 .2 MTa.1.1
Apennings 42.30 13,58 5.6 CCl-1996
T Central 14601.11.26 4232 13.533 6,7 NT4.0.1
: Apennines 11.27 4230 13.55 6.1 CCL- 1990
Central 1208:12.01 42.50 [2.88 f.4 NT4. 1.1
2 Apennines 42.55 12.83 5.1 CCI1-1996
8 Central 1349.9.0 4227 13.13 0.4 MT4. 1.1
¥ Apennmes 9,09 42.27 13.10 5.6 CCI-1996
Central 42,03 13.49 7.0 WNT4.1.1
i Apenniries L5113 | 4y 08 13.62 6.9 CCI-1996
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Table 1. Continuad...

42.00 14.18 6.4 NT4.1_|
. Central RG0! 4570 14.03 6.8 CCI-1996
Apenomes f 4210 1410 0.2 NT4.1.1
9.26 NT4.1.
1933826 | 4o 05 14.18 6.1 CO1-1996
1223 41.84 16.04 6.2 NT4.1|
. 4185 16.03 5.6 CCI-1996
69 : .
Oargana Region | caossy | 4182 16.00 6.4 NEVRE
41.87 15.92 5.6 COI-1996
: : . a1.73 15.27 7.0 NT4.1.1
T0* Apulzn Region 1627.7: ’
ApuEn Reg T30 a1 15.32 6l CCL-1996
1688.6.05 | 41.32 14,57 73 NT4.1.1
73e Centeal 41.33 14.67 .1 CCl-1996
Apennings I805.7.26 | 41.50 14.53 6.7 NT4.1.1
41.53 14.52 6.5 CCI-1996
1349.9.0 41,53 13.87 6.7 NT4.1.1
740 Central 9.09 £1.53 14.05 6.1 CCl-1995
Apenmines 1654.7.23 | 41.64 13.71 6.4 NT4.1.1
41.65 13.70 5.6 CCI-1996
1456.12.05 | 41.15 14.87 6.7 NT4.1.1
41.27 14.77 6.6 CCI-1096
1702.3.14 | 41.12 14.95 6.4 NT4.1.1
844 Southzmn 41.15 14.97 6.1 CCl1-1996
Apennines 1732.11.29 | 41.08 15.12 6.4 NT4.1.1
41.07 14.97 6.1 CCI1-1996
1962.821 | 4117 14.97 6.2 NT4,1.1
41.15 15.00 6.5 CCI-1996
1361.7.07 | 41.20 15.60 6.4 NT4.1.1
41.23 15.45 5.6 CCl-1996
- Southern 1851.8.14 | 4095 15.65 6.4 NT4.1.1
e Apennings 4007 15.67 6.8 CCL-1996
1930.7.23 | 41.05 15.30 6.7 NT4.1.1
41.03 15.35 7.0 CCI-1996
e 41.32 15.80 6.2 NT4.1.1
B Apuliz Region i731.3.20 4113 1533 i COL-1996
40,00 15.43 7.0 NT4.1.1
(3
Y4208 | oas 15.30 bl CCl-1996
. Southern g 40.85 15,25 6.2 WNT4.1.1
2 Apennines Lt 40,75 15.22 36 Co-1996
40.80 15.27 6.9 NT4.1.1
[}
1980.11.23 485 15,24 6.7 CCI-1996
40,75 13.89 G2 MT41.1
92+ [scoa 1skind 1883.7.28 40.75 |3 &R 63 L 906
1561.8.19 | 4054 15.40 6.4 NT4.1.1
g5 Southern 4030 [5.55 5.0 CCl-1996
Apennics 1857.12:16 | 40.35 15.83 7.0 NT4.1.1
40.37 15.83 7.0 CCI-1996
i 39.57 16,70 6.4 NT4.1.1
108 i WRANE | Som | 167 s | cci199g
39.42 16.20 6.4 NT4.1.1
”345'“1'2 39.43 16.25 5.6 CCl1-1996
. % 39.27 1627 6.4 NT4.1.1
10g* Calibrm el 16.30 6.8 CCI-1996
39.25 16.33 6.4 NT4.1.1
18701004 | 305 1632 6.1 | cCI-1996
: 39,08 16.28 73 NT4.1.1
1w Cabbre 1638327 | 3908 16.28 6.6 CCI-1996
. 39.05 16,92 6.4 NT4.1.1
13 Cakbria 1832308 | 350z {605 Vi CC1-1996
1626.3.27 | 38.82 16.42 6.2 NT4.1.1
4.04 38.42 16.42 5.1 CCL 1996
1659.11.05 | 3870 16.33 6.4 NT4.1.1
G 18.68 16.27 6.1 CCL-1996
e Calbra 17911013 | 38.66 1625 6.2 NT4.11
38.60 16.30 5.6 CCI-1996
1783.2.07 | 38.3% 16.22 7.0 NT4.1.]
38,57 16.18 6.2 CCI-1996
. 1905.9.08 | 3875 16.03 75 NT4.1.1
118* Cabbria 3%.76 L6035 6.5 CCI-1996
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Table 1. Continued...

= e 37.75 12.07 6.4 NTa.1.1
128 Sy VAR 3777 L2.98 7.1 CCI-1990
o TR 14,08 61 NT41.1
127 Sy FRTRSE 18,27 15.10 5.8 CC1-1996
o ITRE 15.67 73 NTA 1
Er L] '

125 Calabria 1908.12:28 1818 1568 7.0 COL- 1996
n i " 38.27 1 5:92 7.2 NT4ll.1
La? Sl 2203 18.30 1597 7.1 CCE 1908

. 1863 15.98 5.0 NT4 11
" i
3o Cakibrig 19283.07 3860 16,78 6.0 COL-1996
1£18.2.20 37.62 1510 6.2 | NTaaa
. 17,60 15.12 5 CC1-1994
136 Sieily I0as | 37.70 1517 51 NT4.1.1
17.70 1515 6.3 CC1-1996
1169.2.04 37.13 1520 73 NTE10
17.32 15.03 6.1 CCI-199%
beet Sl 1693.1.11 37.31 1510 7.3 NTS.1.1
1742 15.05 7.5 CCL-1995

Note;
** For historical event M, is derived frorn M, by means of the relation (53): M, = 0.56{+~0.017) | + 0.94 (+-0.13).
MNodes hosting events with M > 6.0 in both catalogues are marked by (*).

10E 14E 18E

| |

. |

Figure 3. Result of the identification of the nodes prone to earthqiakes with M>56.5. Dots are the epicenters with M= 6.5 listed in
Table (1). Circles are the nodes recognized to be prone fo earthguakes with M= 6.5. Numbering of nodes as in Table (4).
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quakes potential (M > 6.5 ) are identified by the criteria of
high scismicity derived by Kossobokov [24] from pattern
recognition m the Pamirs-Tien Shan region.

5.1 Recognition of Nodes Prone to Earthguakes with
M =64

5.1.1 Parameters of the Nodes Used for the Recognition
and Their Discretization

In order apply recognition algorithm (see section 2.2)
each node is described by the set of parameters listed in

Table (2), The parameters are very simple and are based on
widely available morphometric, gravity and morphostruc-
tural data. They have been tested in previous investiza-
tions by pattern recognition of earthquake-prone areas
and have been found sufficiently informative to identify
the seismogenic nodes [3,9, 15, 16, 17, 18, 19,20, 21].
The parameters, see Table (2) referring to the topo-
graphic altitudes and to the area of soft sediments
characterize indirectly the intensity of recent tectonic
movements, and those referring to density of lineaments
and gravity indicate the degree of the crust fragmentation

Table 2. Parameters, used for pattern recognition, and thresholds of their discretization

Parameders

A) Tepographic parameters
Maximum topographic altitude, m (Hirax )
Mininum topographic alitude, m (Huin)

Hebef energy, m (A L) (Hmax-Hmim)

Slope, (A HAL)

B} Geological parameters

Distance between the points Hmax and Hmm, &m (L)

The portion of soft (Quaternary) sediments, %, (&)

C) Graviry parameters
Maxmmiem value of Boupuer anomely, mGal, (Bmax)
Mmirrem value of Bouguer anomaly, mGal, (Bwmin)

Diifference between Bmax and Bmin, mGal, (A B

0} Paramerers from the morphastructural map
The highest rank of lineament m a node, [(HR)
MNumber of Incaements formmg a node, (VL)
Distance to the nearvest 1Y rank lmeament, km, (£21)
Distance to the nearest 2™ rank Imeament, &, (132)

Distance to the nearest node, &m, (Dn)

E) Morphological parameter (Mor)

This parameter is equal to one of the followmg six vakes
m accordance with the morphelogy withm each node:

|- mommtam and plam (mdp)

2- mountam and predmont (m/pd)
3~ mountam and mountain (mim)
4. pedmont and plam (pdi)

5. piedmont only (pd)

6. plam only

Thresholds of Dseretizaton
1560
- 230 80
1500 2000
35
0.040 0.065
1 5
160 47
-6 T
a4 66
|
2
0 a0
0 50
23 30
2 &
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and dislocation,

The values of the parameters have been measured from
topographic, geelogical, gravity and morphostructural
maps within the areas of radius of 25km around the points
of intersection of the lincaments,

The discretization has been done with the a priori
division of the nodes into sets O, and N The histogram
for each parameter has been constructed and the thresh-
olds for the discretization have been defined, see Table (2)
so that the nodes are divided into two or three groups.
Fach group mcludes approximately the same number of
nades. The discretization of the morphological parameter
Mear, see Table (2) has been made with two thresholds: 2
and 4. After the coding this parameter is converted into
three binary components: 100,010, and 001, if its value in
Table (2) 15 (1 or 2}, (3 or 4) and (5 or 6), respectively.

.02 Recognition af the Nodes Capable of Earthguakes
with M > 6.0

5121 Selection af the Training Set

In total, 146 nodes have been delineated by MZ. Within
43 nodes earthquakes with M > 6.0 already tock place
according to at least one of the two catalogues used, see
Table (1)

At the learning stage (see Section 2.2} all the nodes are
a priovi divided into three sets. To make the results more
robost, we include in the set L, only the nodes, marked
by {*} in Table {1}, hosting carthguakes with Af >= 6.0 in
both catalogues. The nodes, where events with M= 6.0
have not been recorded till present, are assigned to the set
M. The set X includes 1) the nodes hosting earthquakes
with M ==0.0, in at least one of two catalogues used, and
2] the nodes situated in flat areas of low seismicity (Adriatic
foreland and Tyrrhenian shelf), The training set for “CORA-

3" algorithmis formed by D, and N, sets. The nodes of the
set A" are not used for the selection of the characteristic
traits of £ and & nodes.

The results of the learning stage are shown in Table
(3). The characteristic traits of D and & nodes have
been obtained by “CORA-3" with the following values of
the thresholds: k) =4, & =2k, =13, &, =0. The
classification obtained with these parameters of the
“CORA-3" algorithm is the most stable of the analyzed
vartants of classification,

The obtained charactenistic traits, represented in Table
{3), are defined by six paramcters of the nodes: relief
energy {AH ), gradient of topography (A4 / L), minimal
value of Bouguer anomaly (Barin), highest rank of linea-
ment (17}, distance to the nearest second rank lineament
(£}, and morphology (Mor). The relatively small values
of the thresholds & and &, as compared with the numbers
ofobjects in [ and N sets are justified by the preliminary
analysis that allowed us to reduce the whaole list of param-
eters describing the nodes to these six parameters only,

The classification has been made with A=0 (see
Section 2.2), ie. a node is assigned to the D set, if the
difference between the number of 2 - and AV - traits, which
a given node possess, is greater or equal to O (decision
rule 1),

81 (55%) out of the 146 nodes considered are
recognized to be capable of M > 6.0 earthquakes. They
are marked by (+) in Table (4) and shown by circles
with identification numbers in Figure (2).

It follows from Table (4) that the decision rule 1 can be
simplified as follows: a node is assigned 1o the D set if it
does not possess N -traits at all, if a node possesses at
least one NV -trait of those five listed in Table (3) then it is
assigned to the N set. This confirms with the zero value of
the threshold . ; beeause, as follows from the definition

Table 3. Charactenstic features of £t and N nodes.

i aH AH/L Brin HE D2 Mor
Characteristic traits of class D (D-traits)

1| =2000m | =0.065 mm o pdip

2 | 51500m | = 0.040 i or pdip

3| £2000m = TmGal adm ar pdip
Characteristic trans of cliss N {N-trait)

| =040 noet (m/m ar pdip)

2 | =1500m | <0040 | = TmGal

3 <TmGal not {m/m or pdip)

4 < | not {m/m or pdip)

5 =50km not (i or pdip)
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of the characteristic traits (section 2.2} if k.= 0 than
M-traits should not be found in the nodes of th‘e set Du.
The stability of the classification obtamed has been
tested i the series of control experiments, which were
implemented in other studics on pattern recognition of
earthquake-prone areas [eg., 3, 16,17, 18,19, 20, 21]. The
results of these experiments are given in the Appendix.

5L Ndentification of the Nodes Where Earthgnakes
with M = 6.5 May be Nucleated

o order to identify the nodes where earthquakes with M
= 0.5 may occur, we use the morphostructural criteria
detertmned by pattern recegnition of high seismicity nodes
in the Parmir-Tien Shan region [24], where according to
these criteria, the nodes prone to carthquakes with M= 6.5
possess at least two of the following four features

I; The refief energy is greater than 2500m;

2 The combination of the morphology within a node
is min, see Table {27;

ER The hirhest rank of ene of the lineaments forming
a node 15 either one or two;

4, The number of lineaments forming a node is reater
than twao,

Previous smdies proved the applicability of these
criteria to the identification of high potential seismic nodes.
The nodes of the Greater Caucasus [19], Carpatho-Balkan
mountain belt [25] and Kopet Dagh region [26] have been
classified, using these criteria, to define where earthgquakes
with M = 6.5 may oceur,

In these regions, all the nodes hosting the known M
= 6.5 events have been defined prone to earthquakes with
such magnitudes, The 1991 Racha earthquake with M =
6.8 proves the validity of the results for the Greater
Caucasus: the event occurred at the node previously
identified by Gwishlanietal [19] prone to M = 0.5 events.

The tested criteria have not a direct and intimate
connection with the geodynamical environments of the
region where they have been defined, and their applicabil-
ity to other seismic reglons has been discussed by
Gorshkoy et al [25], therefore the criteria can be used for
the idemification of high seismicity nodes in the studied
region,

The topography on the Pamirs-Tien Shan region is
much higher az compared to the one in the region
considered, therefore the parameter “relief energy” has to
be normalized accordingly to the topography elevation in
the studied region. Following the normalization procedure
described by Gorshkov et al [25] for the Carpatho-Balkan
mountain belt, the threshold for this parameter, in the
region considered, has been found to be greater than
15300m. In order to guarantee some robusiness to our
results, we decided that each node prone to M = 6.5 events
must possess three out of the four features listed at the
beginning of this Section.

As aresult, 53 (36%) out of the 146 nodes have been

classified to be prone 10 earthquakes with M = 6.5, They
are indicated by ( » ) iIn Table {4} and shown by circles with
identification numbers in Figure {3,

The result of the classification of the nodes hosting
earthquakes with M = 6.5 in both catalogues is given 1n
Table (5).

In Calabria, only two nodes (118 and 128) hosting
earthquakes with M = 6.5, in both catalogues, out of four
are recognized, while in the Apennines and Sicily all of
them are recognized.

6. Discussion and Conclusion

The nodes have heen delineated by morphostructural
yonation around the Adria margin in peninsular ltaly and
Sicily. The nodes of high seismic potential and their
characteristic features have been defined by pattern
recognition. Many large Nalian cities are situated within
the seismogenic nodes, see Table (6).

Seismogenie nodes () differ form non-seismogenic
oncs (N) mainly in the morphology within the node,
see Table (3). According to the characteristic traits, D
nodes are mostly located either within mountain
chain {morphology m/m) or at the boundaries berween
predmonts and plains (morphology pddlp), while N nodes
are characterized by any other morphology listed in Tahle
{2), except m/m and pdép. In addition, N nodes should be
positioned relatvely far from the second-rank lineaments
(D2 =50km) see Table (3). In Figure (2) one can sece that £3
nodes are basically related with first- and second-rank
lineaments, while the overwhelming majority of N nodes
i5 formed by third-rank lineaments.

The classification of the nodes for both magnitude
thresholds considered do not contradict the recorded
strong earthquakes. All earthquakes assigned to M 26.0
in both catalogues are located at the nodes recognized
prone to M= 6.0, The same is true for most of the events
with M = 6.0 at least in one of the catalogues, except those
situated at the nodes 17, 20, 21, 28, 38, and 39, see Table
(1). But in close vicinity of these nodes, except node 21,
there are other [ nodes, see Figure (2) and corresponding
earthquakes in fact can be connected wath them. Thirteen
out of the fifteen nodes hosting M =6.5 events in both
catalopues are properly classified, the failures being
nodes 112 and 129 in Calabria,

The classifications for both magnitude thresholds
are in & good agreement: nodes prone to M >06.5
earthquakes are simultaneously capable of M = 6.0 events,
exceptnode 47,

It total, 81 nodes have been recognized to be prone 1o
carthquakes with M = 6.0, see Table (4). At 44 of them
strong event: have not been recorded till present,
however some of them are associated with paleoseismicity.
In particular, (1) near to nodes 99, related to the Pollino
fauly, and 1035, related to the Palinuro fault [30], which is
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Table 4. Voling and classification of the nodes. Table 5. Clazsification of the nodes with earthquakes with M=
s 6.5 in both catalogues.
Number of traits (AF 2 6.0
Node jumsessed by nades Mumiber of Everts with]  Nigrber ofthe
# D-traies  N-otraits ; Resdt of
i M=65mn Wncle wih Chssifcation f
Modes of set 1) 0 Both Catakymes Everes of ':i e :3: '
1+ 0 124+e 0 ¥ Used M =63 =
e F 4] 25+ = 4] ] . s
IT 4 & 0 i 126+e 0 il Apemies ? " Recognized
4i+w 2 0 i1l +» ] 1] 23 Fecognizd
454 L] 0 132+ w 0 {} Recogntzed
51 + 1] 0 [3i+w 0 0 o :
EOR I 0 34+ 0 0 E Recogitax]
Gl —» f i} {35+ » i} i} 71 Becoprine]
0 + | o 137 i) 2 oy s
Tite | i 138 + ] i gl
A+ i 0 138 i 2 83 Recagied
4 + » il 0 1440 i 3 i
B35 4w | D 143 0 | - “"“’9"’, ,
Q4 om I 0 145 + 1 ] 95 Recogmized
92+ m 2 0 146 0 2 " e
0% 4 a 0 0 Modes of set X Cabbro & 2 Notr Becognized
[0+ ) 0 1 i) 2 118 Recognind
T2+ | N 7 { 2 128 R
17+ I [} 4 o 3 ecogried
1184+ m [ 0 14 0 2 i Now Recognized
123 + [#] L] 5 o 2
128 + & 4] L 16 1] ) & I 144 Recomird
1294 0 0 17 0 [ .
44 + = ¢ { 18+ L] 0
Nodes of set M, 20 0 |
| 0 I 2] L] I
2 ] | 22 & 2 ; i . ;
4 0 1 73 0 9 Table 6. Large clties situated within seismogenic nodes,
Sta 1] q 24 ] 2
fit+ [ ] 54 e 0 [
Hdom s 0 23 0 1 Cit MNode Estimated
g 0 2 k5 a 3 o Number Magnitude
12 ] 3 4 e I [H]
Iy ] 1 s 4] |
14 ] 2 3 i 0 j Sﬂﬂ ..l]'lﬂ'ﬂ-l qﬂ []'ll.{l “ﬂ
19 il ] 41 + il 1] Inhabitanis
RV ] [} | &8 4] 1
i1 { | it ow 0 L Genova fi =03
14 L] 1 52+ e 1 o
35 ] 2 54 4] 2
36 4 0 5 5e i i Palermo 124 =0.5
it ] 2 B+ e 0 ]
40 ] 4 63+ 0 o 100,000-500,000
42 i} 3 h4 0 | [nhabitants
44+ » 0 ] 65 + 0 Ll
46+ 0 1 66 + ¥ 0 =g
il o 3 74 o 0 Ancona 25 =045
) 3 68 + 0 L] X
_: 1 g 1 6o+ 1 il Catania 136 = 6.5
50 0 2 T1 i) |
T +w i 0 78 i 2 Coscnza 108 =60
ol + - 1] ] T9 ] 3
2 0 I 2+ w 0 0 : e
23 4 i 27 4 0 o Firenze 18 Z0.5
5+ e 0 ] 16+ | 4] ;
76 0 2 17 = 0 o Foggia 70 206.0
77 0 | a8 = [l [H]
g1 ] I 93 + L [ Lz Speen 8 Z48.5
E3 {l 1 U3 g 1
80 0 4 100 1 - L,
91 p 3 103 + @ 0 i M essma 125 =04
04 + e ] ] NG+ 0 1] )
0 i 4 113 + i 0 Perugia 36 6.0
a8 Q0 4 g + i) ]
09+ a i 120 + ] it Pescara 48 =60
101+ i 4] 121+ » g o
107~ - 2 0 122 2 T .
i et a 0 274 o f 3 Reggio di Calaboa 128 =65
|05 =+ 1] 4] 13 + e 1] ]
07 0 4 iI+e 0 0 Salemo w4 265
108 + { 0 41 1] I
RED 4 1 F42 + 0 i Siracus 143 = fidl
i<we 0 0 e
114 i 4 5
118 l 3 Taranto &7 zbd
1=+ - il [H] N
Temni 32 =0.5
Note; :
+ - Nodes recognized to be potential for M > 6.0. Note; Rorma and Napoli are situated at the distance of 30-50km
+ - Modes recognized lo be potential for M= 6.5, from the niodes 58 (M 2 6.5) and 92(M = 6.5), respocitvely,
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referred also as Sangineto line by Ghisetti & Vezzani [29],
paleoseismological evidences of high-intensity events
have been determined by Michetti et al [51], (2) evidences
of Holocene activity of the neighboring Castrovillari fault
are reported by Cinti et al [52], and (3) near to node 44,
close to the Rieti basin, paleoscismological evidences have
been identified by Michetti eral [40]. Maost of the nodes of
high seismic potential fall into the seismogenic zones
autlined by Meletti at al [8], with the exclusion of the
nodes located in the Apulian region and within the
Adriatic and Tyrrhenian shelf,

The space distribution of seismogenic nodes, mainly
for the anes capable of events with M > 6.5, mimics quite
well the belt marking the transition from normal to soft/
thin lid delineated by Calcagnile & Panza [37], and it is
relevant for seismic hazard assessment. In fact, according
to the recorded seismicity (see e.g. the seismicity map by
Meletti et al [8]), some seismogenic nodes are located in
low seismicity or aseismic areas, like node 86 in the Apulian
region, and nodes 32, 80, 93 at the boundary between the
Tyrrhenian basin and the shelf zone,

In the Northern Apennines, D nodes are clustered
in their western part. In the central Apennines, the
seismogenic nodes are mainly situated inside the
high-topography belt and along the contact of mountains
with low or flat topography arcas; most of them are prone
both to M =6.0 and M =6.5 events. In the Southern
Apennines, most of the nodes are identified to have high
seismic potential. In Calabria, the nodes having the higher
potential (M =6.5) are associated with the first- and
second-rank lineaments surrounding the mountain
country. In the inner part of Calabria, the seismogenic
nodes are identified prone to M >6.0 quakes but non-
prone to M = 6.5 events. In Sicily, the selsmogenic nodes
form two linear zones along the northern and eastern
coastlines. In the Gargano region, the seismogenic nodes
surround the promentory and are prone 1o svents with
M > 6.0, but are not capable of larger earthquakes (M > 6.5).
The same is true for nodes 86, 88, 123, 142, and 1435
situated within the Adria-Africa foreland. The nodes in
the Adriatic Sea (63, 66, 67, 68, and 87) at the border of the
study area are classified as D (for M = 6.0). There are no
epicenters of earthquake with M > 6.0 in the vicimity aof
these nodes, and even if earthquakes with M >5.0 have
heen recorded nearby nodes 66, 63, and 67, we are not sure
that the nodes within the Adriatic Sea are really prone 1o
Af = 6.0 earthquakes, and their recognition may be affected
by some kind of border effect. Seismic potential of these
nodes will be re-evaluated in separate study of the region,
which will include other nodes within the Adriatic Sea.

We have compared the nodes recognized in this study
to be potential for M = 6.0 with those determined by Caputo
ot al [3]. Obviously we compare the spatial distribution of
the seismogenic nodes only within peninsular Italy and
Sicily. Due to the different scale of the morphostructural

zonation performed in the two studies, the total number of
nodes and their geographical position are not the same.
Our decision rule for the classification of nodes into D and
M has been formulated in a simple way on the basis of only
the five N -traits given in Table (3) (sec section 5.1.2) while
7 D -traits and 7 N-traits are used in the decision rule
adopted by Caputo et al [3]. Sufficiently good agreement
¢an be seen in the Central Apennines, central Calabria
and northern Sicily, while there is some difference in the
Northern Apennines and in the inner part of Sicily. In the
Northern Apennines the seismogenic nodes determined
by Caputo et al [3] forma relatively large zone, while in our
study only two nodes 11 and 18 have been classified as [,
In Sicily, there is agreement in the northern part of the
island but, unlike us, Caputo et al [3] recognized some
nodes as [ in the inner part of Sicily.

Some nodes are recognized as D by our study in the
areas where the nodes have not been delineated by Caputo
et al [3] due to the smaller scale of the morphostructural
zomation, They are nodes 25, 26, 36, 41, and 43 in the
transition zone between the Northern and Central
Apennineses, nodes 88, 94, 95 and 102 in the Southem
Apennines, and the nodes located along the ecastern
offshore of Calabria. The main difference between the
results concerns the classification of the nodes located
within the Tyrrhenian and Adriatic seas, Many of these
nodes are recognized by our study to be potential for the
sccurrence of events with M = 6.0, while all the nodes
within the marine shelf have been classified as N by Caputo
etal [3].

We consider the results illustrated in this paper as a
first step in the study of earthquake-prone areas around
the Adria margin, This step will be a major interdiscipli-
nary effort and attempt to explain how the structure and
the dynamics of the lithosphere in the region brings into
existence the seismogenic nodes at the sites determined in
this work.
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Appendix
Control Experiments

The following control experiments have been performed
to test the stability of the result of recognition of the nodes
prone to earthquakes with M = 6.0. The node classifica-
tion reported in Table 4 will be called the main variant,

“Seismic Future” (SF). The experiment is performed
using-as traiming, instead of 0, and N, the sets D and W,
determined by the main variant, and the following four
sets of values for the thresholds:

SF(a)k =33, k,=0.k,=21, k,=0;

SF(DYE =120, k,=1,k,=21, k,=1;

SFichk =6, k,=2,k=15 k,=2;

SF(d)k, =61, &k, =2, k,=21, k,=0.

A =0 m all cases. In cases (a) and (d) the results of the
experiment coincide with the main variant, The classifica-
tion changes for two nodes (97 and 123) in case (b) and for
three nodes (71, 72, and 97) in case (¢} as compared to the
main variant. Therefore for only 2% of the nodes the
classification changes.

“Trafining X Set” (TX). The experiment is performed
using instead of O, the nodes of the set X which were
recognized as D, and instead of N, those which were
recognized as N This expennment has been made with
two sets of values for the thresholds;

TJI.'I:'HH'I =11 E:ﬂrk:=61 *_1={}:

1B ¢ ISEE: Spring 2002, Vel, 4, No. |

TX(BY k=5, b, =1.k=9, k,=1.

A =1 in the both cases, In case (a) for 8 nodes (26, 34,
43,70, 81, BS, 110, and 145} and in case (b) for 12 nodes
(10,1932, 34 81, 85,091,110, 122,137, 143, and 145) the
classification changes, It is less than 9% of the total
number of the nodes.

“Sliding Control" (§C), In this experiment we check
whether classification of the nodes belonging to the train-
ing set is stable when they are excluded from this set, The
nodes are classified on the basis of the training sets
Dyt and Nove'™, i=1,2, o 11X (10,0, Where i,
and n, are the numbers of the nodes in the training sets [
and N, respectively, Dy '\’ and M Vo' ™" denote the
sets 0, and N, from which the nodes @' and ©'*"! are
excluded. The first variant discards the objects
@' eDyand o™ &N, the second variant considers
them but discards the objects & D, and ™" e N,
and s0 on. Ifone of the two sets £, or NV ; (with a smaller
number of objects) has already all its objects discarded
once, we proceed only with the other set. There is a change
of classification for four nodes of the set 0, (27, 85, 95,
and 123} and for two nodes of the set N, (29 and 37) Le.
for less than 7% of the number of nodes in the whaole
training set.

“Egquivalent Traits" (ET). We call two characteristic
traits A, and A4, of class D as equivalent if they are
both found in the same nodes of the set Dy, Similarly,
charactenstic traits 4, and A4, of class N are called
equivalent, if they are both found in the same nodes of the
set & g Algorithm “"CORA-3" includes only one trait from
each group of equivalent ones to the final list and the
result of the classification depends, generally speaking,
on the choice of the traits from the groups of equivalent
ones. The experiment evaluates how much the obtained
classification is stable with respect to such a choice. For
the node w, let us denote by iy, the number of its traits
belonging to the group of the ones equivalent to the j-th
trait of class D, and by ui;,- the number of iis traits
belonging to the group of the ones equivalent to the j-th
trait of class A . Letus define on the basis of the numbers
u }';j and 1tj; the numbers of “votes” in favor of the classes
D and N respectively. They are defined by the formulas

F)

" HU' PN

E: __ i i M
i =P, . My,

i i
izl Py

Here PJand P are the total numbers of traits equiva-
lent to the 7 -th trait of class 0, and N. respectively,
The j -l trait itself is included in the calculation, In the
experiment the set D is formed by the objects, which
satisfy the condition uj, —uj = A, and the remaining
objects form the set NV . The classification obtained with
this experiment repeats the main variant,
“Clearance of D" (CD). We have formed the set D,
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with the nodes which are the closest to the epicenters of
the earthquakes with M = 6.0 in both catalogues. We can
not be absolutely sure that the epicenters are connected
with these nodes because possibly there are other nodes

i the vicinity of the same epicenters. Table (A1) contains
all the nodes in the vicinity of the epicenters with M = 6.0
in hoth catalogs. The table shows that 15 nodes (11, 27,
43 59,73, 74,84, 85,90,92, 95, 109, 112, 123, and 129) oceur

Table A1: Nodes in vicinity of the epicanters with M = 6.0 in both cataiogues.

Year sfihe Eanhuale Bt Assomirgh % e B
[hstance 25km Distance between 258m and 354m

1920 1 1, 4
1751 25,37 33, 43
1781 T 25
19497 43, 41 26, 37
| 635 45, 46 52, 42, 44
1703 45 52, 44, 46, 42
la61 51, 47, 59,46 50
1913 59 51,60
1700 61, 60 49, &2
1933 61, 60, 49 St
1627 0.7l 63, T2 |
| 653 73,84, 83

I— 1803 73
1349 Td
1456 44
1702 E4
1732 /4, 90, £5
962 54
1251 B5, BO 30
1930 B3 o0
1654 90 83
108D o
1853 92 93
1357 %5
1H54 {1 11, 112
1870 109 LEZ, 110
618 112 10g, (11 119
1659 117, 16 112, 118
I90s 118 111, 117
1067 123
123 128, 12% 133
1783 129 128
1169 144, 137 145, 143, 136
1693 144, 137, 143 145, 136

JEEE: Spring 2002, Val, 4, No. { /19
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to be the enly withina distance of 25 km from the relevant
epicenters. In the experiment we apply “CORA-3"
algorithm keeping in set the D, these 15 nodes only and
moving the other nodes from D, to A The classification
obtained with the experiment with the parameters given in
section 3.1, 2 repeats the main variant,

“Clasters” (CI). In this experiment we apply
the algorithm “CLUSTERS" [17] instead of “CORA-3".
UCLUSTERST 15 the modification of “CORA-3" designed
for the case when (1) the set £, consists of § subsets;

D= ,D::II '.,_,'DU: Lbin D,'-? ;

and (2) it is known a priori that cach subset contains at
least one object of ¢lass £ but some objects of the set 2,
may belong to class & In the learning step the algorithm
“CLUSTERS" differs from “CORA-3" (1) by definitiona
subset has a trait if at least one object among those, which
beleng to this subset, has this trait; (2) the trait 4 is a
charactenistic trait of class [if

K5 (DyA)zk, and K (N, AY2k,.

Here K*(D,,4) is the number of subsets which have
the trait 4. In the algorithm “CLUSTERS the determina-
tion of the characteristic traits of class N, the voting and

the classification are the same as in “CORA-3".

In forming the subsets we have considered twa
variants. In the first case (C1-25) subsets associated
with the epicenters consist of nodes located ata distance
less or equal to 25km from a relevant epicenter, In the
sccond case (C1-33) this distance is 35&m, the same
distanee used by Caputo et al [2] to determine the subsets.
In both cases one can see from Table (A1) that, as
corpared with the training sets used in section 4.1,2, some
nodes should be moved from N, 1o O;. The nodes
remaining in the set ¥, are used as a new training set
Ny in the application of the algorithm “"CLUSTERS™.
The classification obtained in C1-25 with the thresholds
ky =6,k =2 k;=12, ky=2and 4= -1 differs from
the main variant in 21 nodes (25, 27, 35, 36, 47, 49, 63,
65, 66,67, 68, 71,72, 82, B7, 88, 99, 122, 123, 137, 142)
i.eoin less than 15% of the total number of nodes. In
C1-35 classification obtained with the threshelds k, = 8,
k=1, k,=8, k,=3and A= 0 changes for 27 nodes
{18,25,27,32,36,37,47,49, 62, 63,65,71,72,94, 95,99, 103,
104, 105, 108, 110, 113, 122, 127, 130, 131, 138) L.e. for less
than 19% of the total number of nodes.

Following the empirical considerations of Gvishiani
et al [21] the general conclusion from the results of these
experiments summarized in Table (A2) is that the main
variant is reasonably stable,

Table AZ: Resulls of confrol expariments,

Mui variant | $Fa | SFb | SFe | sFd | 7| T¥ | se | g o | cras | cras
Nodes af set B

It ia + + 4 FE + + * x + + i
n+m + 4 v | + [ASEH + I (S T + b
27+m - 4 4 - + - :1_1:" + + |5 "
431 + + + + (e + Y * + +
45 += ¢ + + ¥ | 4+ + + + -+ +
Jr+ g i + + + - + + + 1 -+
50 +a + + + - + + -+ + 4 +
6f +e + + 1 + + + + + + + 4 1
To4 + + i + [ - i + + + ‘
Tldte + + + i+ + + + + + +

e + + - 4 - - i + - - ¥
84 +m + + + + - *+ + + 4 £ =
Biim + + * + A_," :l' = + - + P
o 4. + + C + + + 4 + + L3 1
R} ve | e + £ + + ¥ 4 - + # +
RS . + + 4 4 + B r . ¥ + ____'
g +e + ¥ + - = + =+ . - + I
Irs + * + + + - + + - + + "
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Table AZ: Confinued...

17+ + + + + + - + + + Yy +
{18 +e + + * + + + + + + + 4
IR BEEED B R
128 +w + + b + + + + + " + s
Fag+ ¥ + * + + ¥ T 1 " r PS
Id4d +e + + + + + * + 4 + + +
Nodes of ser N,

1

2

4

54m - + + + * + + + + + +
fi+e B + + + + || # | w= || = + +
8+ + + + + + B + + - + +
0 B

12

13

24 e

n

33

3 Pl

35
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