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Abstract: This paper presents research results of the study which aim is to reveal and quantitatively describe fractal
properties of the European-Mediterranean seismotectonic model applied for seismic hazard assessment of the region
under study.

Several seismotectonic provinces are defined, and their nonlinear properties are calculated using both linear ele-
ments (boundaries of seismogenic units) and surface areas of the seismogenic units.

The research is conducted on the basis of only formal relationships, not with data on real fault structures or other
seismogenic elements, as the relationships have been accepted for seismic hazard calculations by the team of
SESAME Project (Project Leader M. Jimenec) and published by Jimenec et al. [2001].

Special attention is paid to the Balkan seismotectonic model in order to develop a common seismotectonic model
which uses data from the seismic hazard map for a period of 475 years (according the EUROCODES), that was pub-
lished in Muco et al. [2008].

All the calculations considered only the seismogenic units located in the earth crust, but not deeper seismogenic
layers.

It is concluded that most of the seismogenic provinces are similar in their fractal properties, which varied in a narrow
range, except for the Adriatic one. The formal approach does not permit to explain these peculiarities.
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HEIVMHEVMHOCTD M1 ®PAKTAJIBHBIE CBOVICTBA
CEMICMOTEKTOHMYECKOW MOJEJ/IN EBPOITEVICKO-
CPEOM3EMHOMOPCKOTIO PETMIOHA

b.K. Panresos

Teogpusuneckuii uncmumym, boseapckasa axademus nayk, 1113, Cogpusa, ya. axad. I'. bonueba, 3,
Boseapusn

AHHOTaums: B ctatbe npeacTaBneHbl pe3ynbTaTthl UCCeAOBaHWN, LENblo KOTOPbIX BbINIO yCTaHOBIEHME U KONUYECT-
BEHHas oLleHKa dpakTasnbHbIX CBOMCTB CEMCMOTEKTOHNYECKo Moaenu EBponericko-CpeanseMHOMOPCKOro permoxa, no
KoTopol Bbina npoBeaegHa OLEHKa CeNCMMYECKOM ONAaCHOCTU AN U3y4aeMoro pervoHa.
Bbin BblgeNeH psig CeMCMOTEKTOHUYECKMX NPOBUHLMIA. [INa HUX onpeaeneHbl HenuHenHble CBOMCTBA Kak Mo NuHen-
HbIM 3rleMeHTaMm (Kak rpaHuLamM CEMCMOreHHbIX Y4acTKoOB), TaK ¥ Mo NrowaasamM 3aHMMaeMbliX UMW MOBEPXHOCTEN.
WccnepoaHve npoeeaeHo Ha 6ase popMarnbHbIX 3aBUCMMOCTEN, @ HE NO pearbHbIM Pa3fioMHbIM CTPYKTypaM vnu
OpYrMM CEMCMOreHHbIM 3fIeMeHTaM, No MeToay, NPUHATOMY ANs pacvyeToB CENCMUYECKOW OMacHOCTU rpynmnon npoekTa
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SESAME (pykoBoauTenb M. Jimenec) [Jimenec et al., 2001].

Ocoboe BHUMaHVe yaeneHo CencMOTEKTOHMYecKon mopenu bankaHckoro perroHa B CBSi3W C HEOBXOAMMOCTbIO
pa3paboTku obLuelt CeNCMOTEKTOHNYECKON MOAENV C UCMOMb30BaHMEM pacyeToB MO KapTe CEeMCMUYEeCcKOoh OnacHOCTU
3a nepwopg 475 net (B cootBeTcTBUN ¢ EUROCODES) no ny6nukaumm [Muco et al., 2008].

[Ins Bcex pacyeToB pacCMOTPEHbl TOSNbKO CEMCMOreHHble Y4acTKW, PacnonoXeHHbIE B 3eMHOW Kope, 6e3 yyeTa rny-

BOKMNX CEACMOreHHbIX CIOEB.

CpaenaH BbIBOA, YTO BOMLLUMHCTBO CENCMOreHHbIX NMPOBUHLNIA XapakTepusyTcs CXO4HbIMU (dpakTanbHbIMU CBON-
CTBaMu, KOTOpPble BapbUpyOTCA B GNI3KOM AnanasoHe, 3a UCKIoYeHneM yyacTka Agpuatukn. dopmanbHbIi NOAXOA He

No3BONSIET HANTU OO BSCHEHNE TAaKUM OCOBEHHOCTSIM.

Kroyessle criosa: ceicMOTeKTOHMKa EBponericko-Cpean3eMHOMOPCKOro permoHa, dppakransl, HEMMMHEAHOCTb.

INTRODUCTION

The present study is focused to the assessment of
the fractal properties and the coefficients of the nonlin-
ear behavior of the spatial distribution of the seis-
mogenic zones in the European and Mediterranean re-
gions. The area is divided into several seismotectonic
provinces according to the fragmentation and the spe-
cific seismogenic properties of the earth crust for the
separated seismic active zones. The used European-
Mediterranean seismotectonic model (EMSM) is pre-
sented by M. Jimenez et al. [2001]. It is targeted to the
calculation of the seismic hazard of the investigated
region. The separate zones could be characterized by
their specific seismogenic properties, which could lead
to different seismic impact on buildings and construc-
tions [Ranguelov et al., 2001]. In that way this analysis
gives the possibility for zone identification and compari-
son between different seismic provinces, each of them
being most probably characterized by specific seismic
hazard. It is important to mention that the time scale is
not incorporated in this study, thus considering that all
seismic events, which can affect the seismic hazard
assessment, known from historical times, up to the pre-
sent days are included. No any information about the
faults and their seismogenic properties is incorporated.
The deep seismic sources [Caputo, 1970] located
deeper the earth crust are also excluded of this study
(i.e. Vrancea, Aegean arc, Messina straight and other
similar zones with deeper, intermediate seismic sour-
ces [McKenzie, 1972; Papazachos, 1966; Papazachos,
1973], following the homogeneous approach only to the
earth crust located seismic sources.

METHODOLOGY AND THEORETICAL BASIS

The classical example of a fractal object is defined
by [Mandelbrot, 1982]. If the length of an object P is
related to the measuring unit length / by the formula:

p~fD (1)

then P is a fractal and D is a parameter defined as the
fractal dimension. This definition was given by B. Man-
delbrot in the early 60-s of the 20-th century. His ideas
support the view that many objects in nature can not be
described by simple geometric forms, and linear di-
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mensions, but they have different levels of geometric
fragmentation. It is expressed into the irregularities of
the different scales (sizes) — from very small to quite
big ones. This makes the measuring unit extremely im-
portant parameter, because measuring of the length,
the surface or the volume of irregular geometric bodies
could be obtained that the measured size could vary
hundred to thousand orders. This fact was first deter-
mined when measuring the coastal line length of West
England and this gave Mandelbrot the idea to define
the concept of a fractal.

In geology and geophysics is accepted that defini-
tion of the different «fractals» as real physical objects is
most often connected to fragmentation [Korvin, 1992].
This reveals that each measurable object has a length,
surface or volume, which depends on the measuring
unit and the object’s form irregularity. The smaller the
measuring unit is, the bigger is the total value for the
linear (surface, volume) dimension of the object and
vice versa. The same is valid for 2D and 3D objects.

Another definition of a fractal dimension is related to
the serial number of measurement to each of the
measuring units used and the object dimensions. If the
number of the concrete measurement with a selected
linear unit is bigger than r, then it might be presented
by:

N~rD (2)

and the fractal is completely determined by D as its
characteristic fractal dimension. Applying this definition
for the elements of faulting and faults fragmentation,
some authors use this idea to depict formal models of
the earth crust fragmentation, which indicates the level
of fracturing of the upper earth layers [Ranguelov, Dimi-
trova, 2002].

The theoretical approach for the linear case and for
the 2D and 3D cases was developed by [Turcotte,
1986; Hirata, 1989]. They focused the attention on the
relations between the smallest measuring unit and ob-
ject’s size in analyzing linear (1D), 2D and 3D objects
(Fig. 1).

If I is the measuring unit and with m we denote the
obtained value for N at each measuring cycle, then the
common sum of the lengths N at level m according to
[Turcotte, 1986] is:
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Fig. 1. 2D fractal scheme — each linear element is % of the larger
one.

Puc. 1. [IsymepHas dpakranbHas cxema. Kaxabin anemeHT Ha Yz
MeHbLUe, Yem Gonee KpynHbIN.

Nim = @-Pe)L+ P +E=pel”. E=pcl™) 3)

where Pc denotes the probability for measuring of each
length for the corresponding cycle of measuring.
Using formulae 1 and 2 we obtain the formulas:

Nm+1 _,D
N =2 (4)

for liner elements, and

) ©

for any area elements (surfaces).

Using this approach we studied the elements of the
Mediterranean seismotectonic model. Then analyze the
nonlinear behavior and determined the fractal dimen-
sions about both — the linear and surface elements and
compare them. The existence of different geometrical
objects of similar type like the different seismic hazard
zones in various Mediterranean areas makes it suitable
to use such an approach, when determining the fractal
features of the considered seismotectonic models.

To study the fractal features of the Mediterranean
seismotectonic model offered by [Jimenez et al., 2001],
we have used data from the map (Seismicity Source
Regions for the Mediterranean Region). The map scale
is 1 : 30000000 - Fig. 2.

50" B . 50'

-10° o w 2 30

Fig. 2. The Euro-Mediterranean seismotectonic model. Seismic prov-
inces are shown by colours. All seismogenic units are considered
located in the earth crust. No deeper sources are included.

Puc. 2. CencmotektoHnyeckasi mogenb EBponericko-CpeansemHo-
MOpCKOro pervoHa. CencMOTEKTOHMYECKWE MNPOBUHLMM MOKa3aHbl
usetom. CumMTaeTtcsi, YTO BCE W3y4YeHHble CEVCMOreHHble Y4acTKu
pacnonaratotcsi B 3eMHou kope. bonee rnybokue UCTOYHMKM He pac-
cMaTpuBaloTCs.

The number and the size of all lines delineating
each of the surface elements of the model have been
determined and graphs plotted. The error of the size
determination is less than 5%. The authors of the map
also have separated the whole region into several
seismotectonic provinces (we follow their denoting):

- The Adriatic (AD)

- Central and West Europe (CWE)

- The Pyrenees and West Africa (PWA)

- Greece (GR)

- Bulgaria and the Northern Balkans (BG NB)

Each province was considered separately at first.
Finally general investigation has been done to the
whole Euro-Mediterranean region.

The surface fractal dimensions of the separated
seismotectonic elements for the same region have
been investigated by the same methodology. All sur-
face areas have been determined and the relations -
number — area surface for each zone calculated and
plotted. The same map by M. Jimenez et al. [2007],
was used. The scale of the map is 1:30000000. The
measured surface areas vary from 500 to 2500 km?®.

RESULTS AND DISCUSSION

The lengths distributions of the linear elements for
each seismotectonic cell vary in general between 100-
500 km. Cumulative plots have been calculated and
presented by the respective fractal dimension to each
zone. The results are presented on Fig. 3 (a—f).

By the same way, the hazardous areas have been
measured in sq. km. and same graphs plotted. The re-
sults are presented on Fig. 4 (a—f).

The obtained results for the different provinces are
presented on Table.

The fractal dimension values for the «Adriatic» zone
— AD differ substantially from the other zones values.
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Fig. 3 (a—f). Fractal distributions for the studied provinces and their fractal dimensions, D — Linear elements of the seismotectonic model.

Puc. 3 (a—f). PpakTranbHOCTb N3yYEHHBIX MPOBUHLIMIA 1 dpaKTanbHble pa3mepHocTu D no nMHenHbIM anemeHTam CeCMOTEKTOHUYECKOW Moae-
.
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Fig. 4 (a—f). Fractal distributions for the studied seismotectonic model — surface elements.

Puc. 4 (a—f). DpakTanbHOCTb M3y4EHHOW CEMCMOTEKTOHMYECKON MOAENM N0 NMAOLWaAHbIM SrieMeHTaM.
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Fractal dimensions about the linear (D.) and surface (Ds)
elements of the EMSM

®pakTanbHblie pa3MepHOCTU NO NIMHeNHbIM (D) 1 nnowaaHbIM
(Ds) anemeHTam cercmoTeKkTOoHMYeckon moaenu EBponericko-
CpegusemHoMopckoro pernoHa (EMSM)

Zone D, Ds

AD 2.71 1.67
CWE 1.12 0.41
PWA 1.18 0.24
GR 0.94 0.40
BG NB 1.20 0.25
All zones 1.23 0.38

This concerns both the linear elements and the 2D
elements, and thus reflected in both studied parame-
ters of the level of non-linearity (the D-value respec-
tively) being the biggest.

All remaining zones are similar according to their
non-linear behavior. The dimension values vary from
1.1 to 1.25 with Greece zone making an exception with
a dimension under 1.0 (0.94).

Regarding the 2D fractal features, the differences
are smaller with the exception of the Adriatic zone
again. Some grouping can be identified as different
zones according to their fractal dimension values —
«Greece» and «Central and West Europe» (0.41-0.40).
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Fig. 5. Integrated geometry of surface elements of the seismotectonic
model of the Balkan area (after [Jimenez et al., 2001], modified
[Ranguelov et al., 2004)).
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Puc. 5. HTerpupoBaHHasi reomMeTpus nioLwagHbIX 3f1IeEMEHTOB Ceinc-
MOTeKTOHMYeckon mogenu bankaHckoro pervoHa (no [Jimenec et al.,
2001] c nsmeHenunamu [Ranguelov et al., 2004)).

These zones are quite different by their seismic activity,
but they are similar in their fractality, concerning the
sizes of the seismically hazardous areas.

Other similar zones (by their linear dimensions) are
«The Pyrenees and West Africa» and «Bulgaria and
the Northern Balkans» (0.25-0.24). These provinces
have not similar geodynamic features, but they are
formally similar according to the distribution of their
seismically dangerous areas fractal behavior.

The same methodology has been applied especially
about the integrated Balkan seismotectonic model
(Fig. 5). It is extracted by the same source [Jimenec et
al., 2001], due to the need to create the unified Balkan
geological hazard map [Muco et al., 2008], but the ele-
ments of several zones have been separated and inte-
grated to a unified model. The comparison of the re-
sults obtained shows that the Balkan model has bigger
fractal dimension about the surface elements — D=0.88
(0.38 for the whole Mediterranean) and smaller for the
linear elements D= 1.13 (1.23 for the whole Mediterra-
nean area) [Ranguelov et al., 2003, Ranguelov et al.,
2004]

The obtained results of this «fractal approach» re-
veal that the applied method can be useful in compar-
ing the nonlinear behavior of the seismogenic elements
of the different seismotectonic provinces. The existence
of clearly defined non-linear features of the seismic
hazard distribution reveals again, that this sensitive and
very important of practical point of view part of the hu-
man knowledge to the seismic hazard assessment can
not be described by simple (frequently used «by anal-
ogy») relationships.

CONCLUSIONS

The fractal analysis is a useful tool to prove the
strong nonlinearity concerning the geometry distribu-
tions of the seismic active zones. The nonlinear behav-
ior of the elements of the seismotectonic models dis-
covered in this study shows that more punctual and
refined methods of the mathematical analysis are
obligatory in order to avoid generalizations made only
by analogs, which is frequently used method and done
in many cases up to now. This can lead sometimes to
wrong assessment of the accuracy and representativ-
ness and needs sensitivity analysis to avoid errors and
wrong conclusions.
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