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Introductory remarks on the seismicity of the Balkans

Bulgaria occupies the central part of the most seismoactive region of the
Europe - the Balkans. Although this country is in a relatively better seismic situation,
it is exposed to the influence of the neighbouring active seismic zones.

A general idea for the seismic activity of the Balkan Peninsula can be obtained
from the epicentral map of the earthquakes with magnitude M>5.0 in the period
1901-1970, which is presented in Fig.l (Catalogue of earthquakes, 1974). The
epicentral zones of the Aegean Arch, the westward continuation of the Anatolian
fault system, the Struma-Rhodope region, the Adriatic seismogenetic strip and
Vrancea area are clearly expressed on the map. The depth of the earthquakes
dominates in the interval up to 60km, excepting the sources in the Vrancea area and
in the northern part of the Aegean Arch, which reach depths of about 200km.

Summarized data for the number of earthquakes in the Balkans for the period
1901-1970 with magnitude M>4 and M>7 and epicentral intensity Io>LX are given
in Table 1.

Table 1
Country

Albania
Bulgaria
Greece
Romania
Turkey
Yugoslavia

Number of
earthquakes
with I>4

430
170
4500
240
1640
1100

Number of
earthquakes
withM>7

-
6
16
12
24
2

Number of
earthquakes
with IoaIX
6
6
73
5
47
18

It can be seen from Table 1 that the number of earthquakes in our country is
smaller than in the others, but this does not concern the relative number of the
strongest (M>7) events reduced to a unit area. The biggest number of earthquakes
with magnitude M>4 in Greece includes many events in the border regions with
Yugoslavia, Turkey and Bulgaria.

Seismicity of Bulgaria according to historical data

For determining the main seismogenetic structures it is necessary to use long
time seismic observations. In the Catalogue of Bulgarian earthquakes destructive
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Figure 1. Seismicity of the Balkan Region



events from I century B.C. are documented. The estimation of the
representativeness of the time intervals regarding the size of the documented events
in the historical part of the Catalogue shows that, for the whole observation period
only events with magnitude M>7 can be concidered as statistically- representative:
the data for magnitude interval M=6-7 are representative in the period after IV
century; the data for the magnitude range M=5-6 are completed after X century
(Christoskov, Samardjieva. 1980; Christoskov, Lazarov, 1982).

The heterogeneity of the initial data must be taken into consideration when
analysing the historical seismic activity. In Fig. 2 the epicentres of the known
historical earthquakes are plotted (Christoskov at al., 1978; Boncev et al., 1982). The
relatively low accuracy in determination of earthquake parameters restricts the
possibilities for a detailed analysis of the historical seismicity. In general, the
historical data undoubtly shows that strong earthquakes are known on this territory
from ancient times. Besides, as it will be discussed further, the historical epicentres
fit well into the boundaries of the seismoactive zones, shaped by the contemporary
earthquakes.

Contemporary seismic activity

The catalogue data for earthquakes of M>4 since the beginning of the present
century can be accepted as statistically representative. In Fig.3 the epicentral map of
the independent seismic events with magnitude greater than M=4 for the period
1900-1990 is presented (Grigorova et al., 1978; Boncev et al., 1982). In accordance
with the geotectonic and neotectonic division of the country and taking into
consideration the regions with the earthquake manifestations of common genesis, the
following main seismic zones could be defined: (1) Sofia, (2) Struma, (3) Rhodope,
(4) Maritza, (5) Goma-Oriahovitza, (6) Shabia, (7) Burgas and (8) Vratza-Kula.

In Table 2 the strongest earthquakes in this country after 1900 are
systematized (Grigorova et al., 1978; Dineva, Sokerova, 1979; Christoskov,
Grigorova, 1968; Christosko\ et al., 1988). The epicentral intensity Io is given in
degrees according to the Medvedev-Shponhoer-Kamik scale (MSK-64).

Table 2
I Date

31.111.1901
4. IV. 1904
4.IV. 1904 __,
15.11. 1909
14 VI. 1913
18.X.1917
14.IV. 1928
18.IV. 1928
3.X1. 1977
2 ID. 1986
7.XII.1986

Zone
Shabia
Struma
. » .
Maritza
G.Oriahovitza
Sofia
Maritza
Maritza
Rhodope
G.OriahcN'itza

M
7.2
7.3
7.8
5.9
7.0
5.2
6.9
7.0
5.3
5.1
5.7

h[km]
6-14
15
18
7
15
6
10
16
6
8
10

lo
IX
IX
X
VIII
IX

vn-vm
IX
K - X
VII-VIII
VII-VIII
Mil

The strongest earthquake in Bulgaria occurred in the Struma seismic zone on
4.IV.1904. It is the strongest event with a source in the earth crust in Europe for the
last 100 years. In 1913, during the earthquake in G.Oriahovitza seismic zone,
remarkable damages and seismological effects were observed. Large destructions



Fig.2 Epicentres of the historical earthquakes In Bulgaria
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Fig.3 Epicentres of= the earthquakes with MJ4.0 in Bulgaria

(1900-1990)



were caused by the earthquake .series in 192^ in the Marnzii zone. Since that lime u
seismic quiescence has set in the country In 19N6 in the area of the town of Strajitza
the last destructive earthquake sequence in the country was observed, with a
strongest event of magnitude M=5.~.

Magnitude-depth earthquake distribution oi contemporary earthquakes is
presented in Fig.4. As it can be seen, the entire earth crust to depth oi about 50km is
seismogenetic. The most seismoactivc pan is situated in a depth interval from 5 to
3'Jkm.

A basic dependence, characterizing the distribution ot the number of
earthquakes N with magnitude M in a unit time, is the earthquake recurrence law:

log N = a + b M.
where a and b are empirically estimated coefficients
In Fig.5 the recurrence graphs of the earthquakes in the Central Balkans (1)

and in Bulgaria (2) and (3) are given. Line (3), concerning the earthquakes in the
period 1934-1977, clearly differs from the others (Christoskov. Lazarov, 1982). From
:i statistical point of view this fact is a possible indication for a process of seismic-
quiescence before an eventual strong earthquake activation in the country.

Magnitude-frequency relations are obtained on the basis of independent
earthquake events, after a preliminary estimation of the representativity of the
observed time intervals and the completeness of the catalogue data (Christoskov.
Lazarov, 1982). The followins equations are derived:

log N = 4.72 - 0.92M for Central Balkans (V cent.B.C-1977)
log N = 3.41 - 0.83M for Bulgaria (I cent.B.C-1977)
log N = 1.92 - 0.41M for Bulgaria (1934-1977)
Here N is the annual number of earthquakes with M+0.5. These correlations

give a possibility for approximate assesment. within the error limits, of the average
-time interval dT= 1/N between two earthquakes of given magnitude M. In Table 3
the average annual number oi' the earthquakes N of magnitude M and the average
time interval dT between them, separately for the central part of the Balkans and for
Bulgaria are aiven:

Table 3
Magnitude M

5

e
-

S

Average annual
earthquakes X
Central Balkans
1.32
0.16
0.02
0.003

number of

: Bulgaria
1 0.18
! 0.03
: 0.004
! 0.0006

Average interval between
earthquakes T (vears)
Central Balkans
0.76
6.3
52
430

Bulearia
5.5
37
250
1700

In comparison with the data for the central Balkans, the results concerning
Bulgaria show lower recurrence of the shocks, i.e. longer average time intervals
between earthquakes of a given M.

The contemporary weak seismicity on the territory of Bulgaria is illustrated in
Fig.6. This epicentral map contains earthquakes within magnitude range from 2 to 5
for the period 1990-1992. The epicentres are mainly concentrated within the outlined
most active seismic zones in Fig.3. Comparatively higher density of earthquake
epicentres is observed in Struma, Rhodope, Maritza and G.Oriahovitza seismic
zones. In Fig.7 the magnitude-frequency distribution of the contemporary seismic
events is given. A weak seismicity with magnitude realizations mainly up to M=3.5
and rare cases of earthquakes of M=3.6-4.2 during the last 3-year period are
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Fig. 4 Magnitude-depth distribution of the earthquakes
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Tig.6 Epicentral map of the earthquakes with M>2.0

(1990-1992)
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Fig.7 Magnitude—frequency distribution o-f the earthquakes

11900-1992)



The predominant M-isni.LvneiK depth interval is within the limits of 0-
2Ukm as can be seen from Fig.Jv

Prognostic seismic zoning of Bulgaria

The maps of prognostic seismic zoning for the territory of Bulgaria show the
potential regions of possible occurrence of disastrous earthquakes and the probabilin
estimation of realization of such events for different periods (Boncev et al., 1982j.
The complex map of expected seismic source zones (SSZ) and the maps of
shakeability of MSK intensity VI-IX for different time intervals (100. 1000 and 10000
years) are the basic ones.

The map of expected SSZ shows the probable distribution of seismogenetic
zones and their energy characteristics. In Fig.9 the map of SSZ for Bulgaria and
neighbouring lands, which can affect the territory of the country, is presented. Only
zones with maximum magnitude M>6.1 which could realize an intensity of 1>VI1
from the neighbouring territories are drawn.

The detailed SSZ map for the territory of Bulgaria is given in Fig.10. It shows
the expected source zones in the following magnitude intervals: 7.6-8.0; 7.1-7.5; 6.6-
7.0: 6.1-6.5; 5.6-6.0; 5.1-5.5; 4.6-5.0. From these SSZ impacts of VII degree and
greater, according to MSK-64 scale, could be expected.

The most important zones of potential earthquake sources are situated in SW
Bulgaria (M=7.6-8.0), in the valley of the Maritza river (M=7.1-7.5), in Sofia kettle
(M=6.6-7.0), in NE Bulgaria (M=7.6-8.0), in Central and Eastern Stara planina
(M=7.1-7.5), in the central pan of North Bulgaria (M=6.5-7.0). The first three
zones are remarkable with the high recurrence of earthquakes, while the last three
ones are characterized by comparatively low seismic recurrence.

Beside the mentioned zones, other zones of relatively minor importance with
maximum expected magnitude of M=5.6-6.0 are defined. The larger part of the
country is covered by so called low-energy field, where earthquakes of M=4.1-5.0 are
possible. The most NW and ES parts of the territory could be classified as the less
dangerous areas within the country.

The map of expected SSZ gives a possibility for some principal estimations of
the seismic risk on the territory of this country. The most important ones are the
following:

The expected SSZ with magnitude M=7.3 or greater are exposed to
potentially strong danger of future earthquakes. In some cases, SSZ of magnitude
level M=6.1-7.0 in regions with bad ground conditions, could cause destructive
consequences as well. The most appropriate places for preservation of radioactive
waste are the SSZ of magnitude below 5.0.

Very important for the seismic zoning of the country are the shakeability maps
for different time intervals. They are elaborated taking into account the eventual
impacts from neighbouring seismic sources as well.

In Fig.ll the prognostic shakeability map for a 1000 year period (normative
for the Bulgarian seismic codes) is presented. It shows the areas of the intensity in
degree according the I.iSK-64 (marked by Roman numerals), which are expected for
a 1000 year period on the territory of Bulgaria. The map is constructed for "average"
soil conditions and does not reflect intensities higher than IX degree. Higher
intensities are not marked, but they have been observed and will be observed as spots
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Fig.8 Depth-frequency distribution of the earthquakes

(19O0-1992)



Fig.9 Map o-F expected seismic source zones (SSZ) for Bulgaria

and neighbourinr lands with magnitude greater than M=6.1
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or will fill up entirely the SSZ conkiur.s of magnitude M>7.0. if an earthquake of
such size may have place.

As can be seen from the shakeability map. nearly the whole territory of the
country (except a small part in NW Bulgaria) gets into the contours of intensin
impacts of VII or higher degree.

The present evaluation lor the seismicity ot Bulgaria can contribute from
scismological point of view for solving the problem of searching sides for facilities
and installations for safe-keeping of radioactive waste. In the conditions of absence
vif regions of VI and lower degree of seismic impact, the only possibility for
preservation of radioactive by-product are the areas with an expected earthquake of
VII degree.

In the initial steps towards the selection of construction sides one must
proceed from the normative shakeability map, taking into account the similar map
for a 10 000 year period as well as the map of expected SSZ. The combination of
SSZ and shakeability maps may be of value for a rough assessment of the frequency
content of the seismic waves considering the distance between a certain intensity spot
and the nearest source zone.

In the principally unsuitable seismic conditions in the country, it is advisable
such kind of installations to be oriented to regions in the most NW part of Bulgaria
and Burgas province.

Each choice of a side according to the detailed seismological, tectonic and
engineering-geological analysis, must be made in conformity with the size of the
future constructions and installations in the vertical and horizontal plane. Near SSZ,
even of magnitude level M>5.5, can generate unfavourable high-frequenci'
oscillations, which are important in the cases of compact (with small linear size)
constructions. The distant SSZ of magnitude M>6.1 can provoke damaging long-
period impacts on long-plane constructions.

In general, the deeper under the surface allocation of the storage facilities will
lead to decreasing of the seismic impacts. This conclusion confirms once more that,
tor ensuring the security of the storage facilities, in the procedure of construction
sides selection, their type and size must be also taken into consideration. Additional
problems should arise from the difference of the accoustic stiffness between the
storage construction and the surrounding rocks.
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