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Abstract. A map of the epicenters of 583 earthquakes thatiroed in the Balkan
Peninsula sector outlined by latituge =37°- 47°N and longitudeA=19-30°E is
presented. A generalized analysis of the seismaigr the territory of Bulgaria and
its adjacent lands (with 330 localized events)appsed.
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The present scientific communication contains galimxd information on the
results of collection, processing and preliminanalgsis of the initial data about the
seismic events recorded by the National Operatigkeretric System for Seismological
Information (NOTSSI) irthe first half-year of 2004. The expanded informatabout the
realized seismicity is suggested as a natural gémation and supplementation of the
monthly publications of the preliminary seismolaidulletin of NOTSSI. The analysis
and evaluation of the space, time and energy bigtan of the seismicity, periodically
been made, open up possibilities for searchingdifioe correlations with the parameters of
different geophysical fields aiming to find out eweal precursor anomalies.

The recording and space localization of the seiswaants in NOTSSI is realized
by means of standard type seismographs S-13 "Tede@eotech" in 21 stations spread
over the territory of Bulgaria (Christoskov et al987). The routine processing and
acquisition of the initial data is organized inealrtime duty regime. The operations are
fulfilled by the authors of this communication. $nch a way the main goal of NOTSSI,
namely the seismicity monitoring in order to hedp fauthorities’ and social reaction in case
of earthquakes felt on the territory of the counisyrealized.

The computing procedure for determining the paramsetf the seismic events is
an adaptation of the widespread product HYPO'71a{@®w and Dobrev, 1987). The energy
parameters of the events are presented mainlyebyndgnitude M calculated according to
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the record’s duratioby the formula (Christoskov and Samardjieva, 1983)

M =1.92 + 2.72log- 0.02&\

The high sensitivity of seismographs allows reaagdand processing of a great
number of long distance earthquakes. As a resuliefichieved experience in the authors
interpretation work, different magnitude’s lowerdbhold for successful determination of
local, regional and long distance earthquakes tabéished: M=1.5 for the territory of
Bulgaria, M=3.0 for the central part of the BalkaM=5.0 for long distance events. The
precision of the epicenter’s determination is d#éfe; except on the distance it depends also
on the specific position of the epicenter in relatio the recording network.
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Fig.1. Map of epicenters in Central Balkans during Janudiyne 2004.
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The parameters of events occurring at a distanae ttan 100-150 km outside
the territory of Bulgaria should be accepted omfoimatively and cannot be used for
responsible seismotectonic investigation.

For the six-month period of observations presentethis communication, the
primary data about more than 1000 local, regiod@dfant earthquakes and industrial
explosions on the territory of Bulgaria are recakdelassified and processed (as a work
bulletin) in NOTSSI. After comprehensive analysfstlee records and application of the
above mentioned calculation procedures it is estadd that 583 of all registered
earthquakes are in the Balkan Peninsula regionnedtlby geographic latitude 37 47N
and longitude 19- 30 E. The epicenters of the earthquakes differentiatednagnitude
levels are plotted in Fig.1. The number of the évém the magnitude interval M=1-1.9 is
239, in M=2-2.9 - 254, in M=3-3.9 - 84, in M=4-4-% earthquakes.

As a whole, the seismic situation in the study pérhe Balkangluring the first
half-year of 2004 is characterized by high activity can be seen in Fig. 1 (583 events
against 858 and 798 for the half-year periods @30The strongest earthquakes outside
Bulgaria are observed as follows: near the Aegemastcof western Turkey by Lesvos
island (14 March, M=4), in South Albanian territaf¥ April, magnitude nearly 5), in the
Marmara Sea eastern region (16 May, M=4.1), in Yaavicinity, Serbia (14 May, M=4).
No one of these earthquakes caused visible exaitati Bulgaria. The greatest activity is
registered in the NE Aegean Sea region where a ito@gn4.7 earthquake (15 June) was
supervened by an earthquake swarm in the end ef Mimax=4.2); some of these Aegean
seismic events were slightly felt (maximum intepsit MSK) in the Kurdjali town district.

On the territory of Romania the earthquake activtyevident in the Vrancea
region and the areas neighboring to the Easterpdildans. The earthquake magnitude
there does not exceed 3.8. It is reasonably toiorettiat small earthquakes in the western
part of Romanian territory are difficult to be ltizad by the national network.

The activity on the territory of continental Turkéy not high as in preceding
intervals considered by these authors. Weak eaaitequ prevail to occur along the
Dardanelle strait, so as along the Aegean Turkasstc Northern Greece is characterized
by the well known high frequency of seismic eveiitise two or three earthquakes with a
magnitude between 3 and 3.5 occurring there ardeftan Bulgaria. On lands in the west
from Bulgaria, no more than 5 earthquakes are ofagnitude higher than 3 (maximum
3.6); all they are not felt in Bulgaria.

Fig.2 illustrates the seismicity just in the teorit of Bulgaria and nearby land$ (
= 41° - 448N, A = 22 - 29E). The earthquakes are shown differentiated bynitade
intervals. The seismic stations are also notedhénfigure by triangles. The parameters of
the relatively stronger earthquakes are present@alble 1.
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Fig.2. Map of epicenters in Bulgaria and adjacent lanasmduwanuary - June 2004.

A relatively low activity of weak earthquakes isseloved during these 6 months —
330 events against 494 and 430 for the two half-gedods of 2003. The earthquakes with
a magnitude higher than M=3.0 are in normal amcu6 events compared with the
averaged number of about 10-15 for most of thepedvious half-years. The maximal
realized magnitude is M=3.9 so that the releasedggnquantity is much lower than in the
previous half-year period (maximum magnitude 4.4).

As usually, the largest concentration of epicentermarked in the southwestern
part of the territory presented in Fig.2. To remembtmany years ago the quantitative
prevalence of the seismic activity in SW Bulgariaswevidenced for the period 1931-1970
(Grigorova and Glavtcheva, 1976). The highest #@gt{density of seismic manifestations)
can be marked in the Kroupnik seismic source, dkarprevious six months. Therein about
60 events with M<3.0 and 3 with M>3.0 occurred sitite beginning of January until June
inclusive. The strongest of them (on 27 June) ih & magnitude M=3.9 and is felt with
maximum intensity of V MSK in the town of Razlogl@§oevgrad district). At the same
time, this is the strongest event in Bulgaria f@ period under investigation. A little earlier
(26 April), a magnitude 3.7 earthquake caused gragnof 4 degree MSK on Blagoevgrad
city. The Kroupnik source is known with the strosgerustal earthquakes in Europe
(M=7.8, 7.1) for the last 150 years (Christoskod &rigorova, 1968).

The list of the strongest seismic events in thestoeriod of time contains two
more earthquakes. One of them (M=3.5), not felcuoed on 12 June near Bosilegrad,
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Bulgaria-Serbia border area. The second one (M=3l8Jay) occurred in close vicinity to
the town of Razgrad, Loudogorie highland, and vedtsals 5 MSK shock by its citizens.

More than 20 small seismic events (magnitude uR.&) specified the Sofia
seismic zone. An unusual activation is to be umded along the south flank of the
Western Stara Planina Mnt. The Maritsa zone isagespf low activity in this period. Some
small activation can be established in the contaea of Thracian Lowland and the
Western Rhodoppi. For the sake of comparison wighgrevious half-year period when the
M4.4 earthquake was felt with intensity VII accarglito the MSK scale, now the Provadia
zone demonstrates scarce activity.

Table 1.List of the earthquakes with M > 2.5 in Bulgarialadjacent lands
during January - June 2004

Date Time Coordinates H M
20040103 17:15: 4 41.17 23. 49 17 2.8
20040104 19: 2:59 42.84 22.78 1 2.5
20040104 19: 21: 48 42.86 22.90 10 2.6
20040107 8:31: 21 41.79 23.87 2 2.6
20040120 7:23:34 41.26 24.73 2 2.7
20040123 13: 20: 38 42.54 23.75 9 2.5
20040123 23: 1:42 41.00 23.91 10 3.0
20040129 12:53: 15 41.19 23.94 9 2.5
20040206 1:37: 4 42.10 23.66 2 2.5
20040208 20: 49: 36 41.59 24.64 7 2.8
20040213 18: 54: 50 42.26 25.40 9 3.0
20040215 1 1:21 43.67 24.79 16 2.5
20040217 2: 4:18 43.12 22.01 2 2.5
20040229 22:48: 36 41.96 23.22 2 2.5
20040301 18: 36: 42 42.51 24.08 20 2.5
20040312 1: 4:44 41.81 22.83 12 2.7
20040319 19: 13: 26 41.11 22.07 10 2.5
20040320 20: 22: 40 42.59 22.65 1 2.7
20040320 23:15: 17 42.60 22.54 4 2.6
20040329 12: 23: 47 42.26 24.86 8 2.5
20040409 14: 27: 50 42.98 22.00 5 3.6
20040421 1:56:53 41.05 23.41 6 2.5
20040421 5:35: 23 42.15 25.19 5 2.7
20040421 11: 37: 17 42.87 23.33 3 2.5
20040422 0:13: 4 42.32 22.06 2 2.6
20040426 2:10: 46 42.14 25.98 15 3.1
20040426 11:58: 11 41.98 23.22 5 3.1
20040426 12: 0:22 41.94 23.25 2 2.9
20040426 13:22: 21 41.96 23. 27 8 3.7
20040430 3: 4:42 41.23 24.60 14 2.9
20040503 11:59: 39 42.87 23.30 8 2.6
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20040505 3:44:10 41. 65 26.59 14 3.0
20040505 3:44: 11 41.70 26.59 16 3.0
20040510 3:17: 40 42.08 24.11 8 3.4
20040514 11: 9:35 43.54 26. 45 3 3.8
20040519 23: 2 4 41.98 24.69 10 2.6
20040524 13:27: 31 42.41 26. 25 12 2.8
20040607 5:583: 2 43.46 28.79 5 3.0
20040609 14: 7:11 41.16 25.11 8 3.2
20040610 12:45: 38 41.42 23.55 11 3.3
20040612 0:10: 33 42.36 22.47 20 3.5
20040616 4:34:56 42.14 24.25 4 2.7
20040624 13:29: 12 41.83 29.00 14 2.5
20040627 4:25:28 41.67 23.80 20 2.6
20040627 11:54: 8 41.95 23.43 9 3.9
20040627 12: 6:58 41.94 23.39 15 3.2

A detailed analysis of seismicity in the individusgismic zones is hard to be
fulfilled because of the insufficient quantity ofemts and the narrow magnitude range of
the earthquakes. The joint statistics of all thends in Fig.2 characterize predominantly the
seismicity parameters of the southwestern pati®territory under investigation.
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Fig.3. Magnitude - frequency distribution of the earthkpsm

The magnitude-frequency distribution for the entiteta set is presented in Fig.3. The
number of localized events increases with the ntadai decreasing: for M > 3.5 the

number of events is 5, for M=3.0-3.4 it is 11, k¢x2.5-2.9 - 31, for M=2.0-2.4 - 86 and so
on. The abrupt diminishing of the number of eartiigs in the first two intervals (M<1.5)

in Fig.3 determines also the registration powethef seismic stations network. Taking the
latter into account, it can be supposed that thgnitiade sample for levels with M > 1.5 is

comparatively closer to the reality for the biggart of the Bulgarian territory.
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Fig.4. Depth - frequency distribution of the earthquakes

The picture of the depth distribution in Fig.4 slsothat almost all earthquakes
occur down to 20 km depth. The layers in the ab@0ekm, however, generate the
predominant part of events. It is not to be exctudenong the superficial events some

unidentified industrial explosions to have beentkep

Fig.5. Magnitude - depth dependence

The magnitude distribution of the events in deffig.6) does not permit any
categorical differentiation of depth "floors" withe increase of magnitude - some tendency
can be traced out for the formation of a very brbadd maximum in the depth interval 3 -

9 km.
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Fig.6. Time distribution of the earthquakes during Japuaiune 2004.

Figure 6 illustrates the distribution of seismicitytime according to the number
of events per decade. The biggest earthquake’s mniwwlisplayed in the second half of
the period — starting from the last decade of Agiltithe first decade of June inclusive. The
lowest earthquake quantity is in the last decadeetfuary — 8 events only.

Figure 7 shows the energy release in time throbghetirthquake magnitude time
distribution. Obviously, the energy released during second half of the study period is
considerably more than before.
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Fig.7. Magnitude-time distribution of the earthquakesimydanuary - June 2004

Additionally, about 170 distant earthquakes havenbeecorded in the period
investigated period, as well as more than 80 imdsxplosions, processed and classified
in the preliminary monthly bulletins. In order tdentify the artificial seismic sources the
methodical approach described by Deneva et al.gj188d some information about the
quarry sites in Bulgaria have been used.
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IIpenBapureann JaHHU 32 ceMm3MHUYHMTe chbOuTHS perucTpupann or HOTCCH npes
stHyapu - 1onu 2004

E.botes, P.I'naBueBa, b.babaukosa, C.Benuukosa, N.1{onyesa, K.Jlonkosa, C.JJumurposa

Pe3rome. Ilpemiaranoro Hay4HO CBHOOLIEHME ChABPXKA 0000IIeHa HHpOpPMAIMS Ha
pesyiraTuTe OT ChOMpaHeTo, 00paboTKara W TpeIBapUTEIHUS aHalh3 Ha IbPBUYHHTE
JaHHU 32 CEM3MHWYHUTE CBOWTHA perucTpupanu ot HamuoHnanHaTa onepaTuBHa
TeleMeTpuYHa cuctemMa 3a ceusmonormyHa wuHpopmaus (HOTCCHU) 3a mbpBOTO
nonyrogue Ha 2004r. IIpencraBena e kapTa Ha eNUIEHTPUTE Ha 0010 5833emeTpecenus B
gacTTa OT BanKaHCKHS MONYOCTPOB, orpaHmueHa oT reorpadceka mupuma 37° - 47 N u
memkuna 19 - 30 E. Io-noapobHo ce aHamM3upa CEM3MHYHOCTTA 3a TEPHTOPUATA Ha
Boarapust n npuiexamute i semu (330 censMudnn chGuTHS B paiion ¢ koopauHaTy ¢ =41°

- 44 8N, A= 22- 29E).
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