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Seismogenic nodes within mountain belts of Southern Europe
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Seismogenic nodes have been recognized in moun-
tain environments of Southern Europe, including the
Alps, Carpathians, Balkanides, Dinarides, and Pen-
insular Italy with Sicily. We regard the output of our
work — uniformly defined seismogenic nodes within
a vast seismic region — as a contribution to the chal-
lenging problem of the uniformity of seismic hazard
research. For a recent attempt towards such stan-
dardization see Panza et al., (2000).

Methodology

The methodology used includes two principal steps.
The first step is the delineation of the objects of the
recognition — the morphostructural nodes. The sec-
ond one is the classification of all delineated nodes
with the pattern recognition technique into nodes
where earthquakes with magnitude exceeding a cer-
tain threshold are possible and nodes where only
smaller earthquakes may happen.

The nodes were defined by the Morphostructural
Zoning method (MZ) that is based on the concept
that the lithosphere is built up by different-scale
blocks separated by mobile boundaries. By the MZ a
studied region is divided into a system of hierarchi-
cally ordered areas characterized by homogeneous
present-day topography and tectonic structure. MZ
distinguishes (/) areas (blocks) of different rank; (2)
their boundary zones, morphostructural lineaments;
and (3) sites where lineaments intersect, nodes.

Large-scale geostructures, developed by a com-
mon orogenesis and characterized by uniform orog-
raphy are considered the highest first rank units,
mountain countries. They are divided into second
rank areas, megablocks, which are further subdivid-
ed into third rank areas, blocks. The rank of the lin-
eament depends on the rank of the area limited by
the lineament. MZ distinguishes two types of bound-
ary zones: longitudinal lineaments that are approxi-
mately parallel to the regional trend of the tectonic
structure and of the topography and transverse lin-
eaments that cross them. Morphostructural nodes are
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formed around the intersections or junctions of two
or more lineaments, i.e. a node may include more
than one intersection or junction. In topography
nodes are represented by a mosaic combination of
various topographic forms and by an increased num-
ber of linear topographic forms of various strikes
that reveal the instability of the area.

Figure 1 displays the morphostructural map of
the study region that shows the hierarchical block-
structure of the region, the network of lineaments,
and the loci of the nodes. The map has been com-
piled at the scale of 1:1 000 000 on the basis of the
joint analysis of topographic and tectonic maps as
well as satellite photos. A node is defined in a for-
mal way as a circle of 25 km of radius, centered at
the point of intersection of the lineaments.

The goal of pattern recognition is to divide all
nodes in the studied region in class D composed by
nodes capable of large earthquakes and class N con-
stituted by the nodes incapable of earthquakes with
magnitude considered. The well-tested CORA-3 pat-
tern recognition algorithm has been used in this work
(Gelfand et al., 1976; Gorshkov et al., 2003). At the
learning stage the algorithm selects the distinctive
features of each class on the basis of a priori de-
fined training sets, which are constituted by all the
sample nodes representative of the classes D and N.
The training set for D class includes the nodes situ-
ated most closely to the epicenters of earthquakes
with considered magnitude. The training set for class
N includes the nodes that are most distant from large
earthquakes recorded in the study region. At the clas-
sification stage the algorithm assigns each node to
one of two classes using distinctive features for classes
D and N defined at the learning stage.

Recognition of seismogenic nodes within
mountain belts of Southern Europe

The recognition has been conducted separately for
peninsular Italy and Sicily (Gorshkov et al., 2002),
for the Alps (Gorshkov et al., 2004), and for the Di-
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Fig. 1. Southern Europe: morphostructural map and seismogenic nodes prone to earthquakes with A>6.0.

Lines indicate lineaments of different rank.

Black dots show epicenters of earthquakes with A>6.0.
Circles depict nodes capable of earthquakes with AM>6.0.

narides including the northern part of the Serbo-
Macedonian Massif (Gorshkov et al., 2004). In the
Carpathians and Balkanides, the number of known
relevant earthquakes is too small to allow a satisfac-
tory learning stage of the pattern recognition. There-
fore, in these regions we defined the nodes capable
of earthquakes with M > 6.0 exploiting the charac-
teristic traits defined by CORA-3 for D nodes in the
Dinarides.

At the learning stage of the recognition of the
recognition we selected the sample nodes for each
region using the information on shallow events with
M > 6.0 reported by the earthquake catalogues. The
selected earthquakes with M > 6.0, both historical
and instrumental ones, are plotted in fig.1. The epi-
centers of these earthquakes are located near the
intersection of lineaments, i.e. at the nodes. With
only a few exceptions, related to very ancient events
in the Dinarides, the distance between the epicen-
ters and the points of intersection does not exceed
25 km.

At the learning stage all the nodes have been a
priori divided into three sets. In the sets D, we in-
cluded the nodes most closely situated to the epi-
centers shown in fig.1. On the contrary, to the sets
N,, we assigned the nodes that are most distant from
the epicenters in fig.1 and, to be conservative, from
events with smaller magnitudes (5.5 <M < 6.0). The
nodes, which are neither not close enough to the
relevant epicenters nor sufficiently distant from them,
were not included in the training set. They were not
employed for the selection of the characteristic traits
but they have been classified at the recognition stage.

A uniform characterization of the nodes in the
form of a common questionnaire is needed to apply the
pattern recognition technique. We used morphomet-
ric and gravity parameters as well as parameters of
lineament-and-block geometry defined with MZ. The
values of the parameters have been measured within
each node, i.e. inside a circle with 25-km of radius,
from available topographic, geological, and gravity
maps as well as from the compiled MZ map (fig. 1).
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Results

Recognized D nodes are plotted in fig. 1 the as the
scaled circles with the radius of 25 km. Each non-
circled intersection of lineaments in fig. 1 is N node.

As seen in fig. 1, D nodes are spatially distribut-
ed in different ways across each mountain country
that compose the study mountain belt. In peninsu-
lar Italy, D nodes almost continuously cover inter-
nal areas of the peninsula from the Central Apen-
nines, in the north, up to northeastern Sicily, in the
south. In the Carpathians and Balkanides, D nodes
are mostly concentrated on first rank lineaments that
limit these mountain countries. The scattered distri-
bution of D nodes is characteristic to the western
part of the Alpine Orogen, while in the Eastern Alps
D nodes form the prominent clusters in its southern
and easternmost areas. In the Dinarides, large clus-
ters of D nodes are situated in the north and in the
southwest. Figure 1 exhibits the large agglomeration
of D nodes in the junction zone between the Eastern
Alps and the Dinarides that indicates the high seis-
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mic potential for this area. The overwhelming ma-
jority of the recognized D nodes sit on first and sec-
ond rank lineaments, i.e. on the boundaries of larg-
er blocks.

The sufficiently large amount of D nodes has been
recognized in the areas where strong earthquakes have
not happened so far. Most of such nodes have been
identified in the Alps, specifically, in the Western
Alps, in the Carpathians, and in the Balkanides.

The characteristic traits defined with CORA-3
indicate the contrast in neotectonic movements in
D nodes vicinities and suggest an increased frag-
mentation of the crust around D nodes at depth.

The results obtained indicate a high seismic po-
tential for large areas within mountain belt of Cen-
tral Europe: a number of nodes where strong events
have not occurred so far, have been recognized prone
to large earthquakes. This generates the need for in-
terdisciplinary efforts and attempts to explain how
the structure and the dynamics of the lithosphere in
the region brings into existence the seismogenic nodes
at the sites represented in this work.
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