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Abstract. A map of epicenters of 692 earthquakes that ocduimethe Balkan
Peninsula sector outlined by latituge =37°- 47°N and longitudeA=19-30°E is

presented. Expert generalized analysis of the sgitynover the territory of Bulgaria
and its adjacent lands (with more than 403 locdlzeents) is proposed.
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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) in the second half-year of 200he expanded information about
the realized seismicity is suggested as a natwnad¢iglization 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 eteal 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 countsyrealized. The computing procedure for
determining the parameters of the seismic everd#a sdaptation of the widespread product
HYPO'71 (Solakov and Dobrev, 1987). The energy metars of the events are presented
mainly by the magnitude M calculated accordinghe tecord’s duration by the formula
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(Christoskov and Samardjieva, 1983)
M=1.92 + 2.72log 0.02&\

The high sensitivity of the seismographs allowsording and processing of a
great number of long distance earthquakes. As watreéthe achieved experience in the
authors interpretation work, different magnitudelswer threshold for successful
determination of local, regional and long distareethquakes is established: M=1.5 for the
territory of Bulgaria, M=3.0 for the central part the Balkans, M=5.0 for long distance
events. The precision of the epicenter’'s deterrionat different; except on the distance it
depends also on the specific position of the epéran relation to the recording network.
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Fig. 1. Map of epicenters in Central Balkans during July €dsber 2004.

The parameters of seismic events occurring at tardie more than 100-150 km
outside the territory of Bulgaria should be accdpialy informatively and cannot be used
for responsible seismotectonic investigation.

For the six-month period of observations presertethis communication, the
primary data about more than 1200 local, regiod@tant earthquakes and industrial
explosions on the territory of Bulgaria are recakdelassified and processed (as a work
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bulletin) in NOTSSI. After comprehensive analysfstlee records and application of the
above mentioned calculation procedures it is estaddl that 692 of all registered
earthquakes are in the Balkan Peninsula regioinedtlby geographic latitude 3747 N
and longitude 19- 3¢ E. The epicenters of the earthquakes differentiiednagnitude
levels are plotted on Fig.1. The number of the &vénthe magnitude interval M=1-1.9 is
320, in M=2-2.9 - 260, in M=3-3.9 - 100, in M=4-4-911 and in M=5-5.9 — 1 earthquakes.

As a whole, the seismic situation in the study parthe Balkans during the
second half-year of 2004 is characterized by nredhti high activity (692 events against
around 500- 600 for most of the previous half-ypaitscan be noted that the observed
tendency of relative increase in the activity complawith the former half-year is partly
due to the earthquake activation in Northern Gregxkthe NE Aegean Sea.

The strongest event outside Bulgaria during theystoeriod occurred on the
territory of Romania (Vrancea region) on"2Dctober 2004. According to the Euro-
Mediterranean Seismological Centre, the earthquaignitude was determined between
5.7 and 6.2. The macroseismic intensity in Bulgegeched up to VI EMS. Effects of V-VI
or VI degree appeared in some settlements alon@#mibe River as well as in South
Dobrogea, the area to the North of Dobrich Town nehteaces of former seismic impacts
had not been completely removed. The Vrancea &actiiring the considered period
(Fig.1) is expressed by smaller earthquakes omf/\#hich are felt with intensity 1l EMS
in the town of Silistra.

The seismic activity on the territory of contindrifarkey is high as usual - at least
7 earthquakes with magnitude 3M.0 are observed. The activity develops at aboQtkio
inland and parallel to the Aegean coast. The contaea of Northern Greece is
characterized by the well known high frequency ofvImagnitude seismic events.
Strongest events are localized to the NNW of THeadd and in the Khalkidiki region.
Many earthquakes of a magnitude lower than 4 tdkeepin the regions of Albania,
Kossovo and Macedonia. One of them, the Octobe# ZDéntral Macedonia earthquake,
was of a magnitude M=4.0; it did not attack Bulgari

As a whole, events with M<3.0 which occur outsidédaria are difficult to be
localized by the national seismological system;seguently, not all of them have been
marked on the scheme in Fig.1.

Fig.2 illustrates the seismicity just in the teonit of Bulgaria and nearby landg (
=41 - 445N, A = 22 - 29E). The earthquakes are differentiated by magnitotievals.
The seismic stations are also noted in the sameefipy triangles. The parameters of
relatively stronger earthquakes are presented lileTh

On the territory of Bulgaria a relatively high degr of activity of weak
earthquakes is observed during these 6 months ev@®s against 330 in the first half-year
of 2004 and around 350 for most of the previou§-yedrs. However the earthquakes of a
magnitude higher than 3.0 are in smaller amountevénts compared with the averaged
number of about 10-15 for most of the all previdaf-years. The maximum realized
magnitude in Bulgaria is M=4.0; for the sake of g@amson, the strongest Bulgarian
earthquake of the previous 2004 half-year is of =3
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Fig. 2. Map of epicentres in Bulgaria and adjacent lahging July — December 2004.

As usually, the largest concentration of epicentenmarked in the southwestern
part of the territory presented in Fig.2. The Kroilfpseismic source, known with the
strongest crustal earthquakes in Europe (M=7.§,fa@rlthe last 160 years (Christoskov and
Grigorova, 1968), is the most active one (the shasebeen proved for the entire territory
of SW Bulgaria by Grigorova & Glavtcheva, 1976 a@digorova, Christoskov et al.,
1980). It is worth noting that in July-December 20f@iore than 100 events of M<3.0 and
only 2 of M>3.0 occurred in this region. The stresgearthquake was of a magnitude
M=3.4 and felt on 3 November with maximum intensitf/ Il EMS in the region of
Blagoevgrad; fortunately, highest intensity is mpmtssible to be evidenced because of
sparsely populated mountainous territory.

A very slight activity of the opposite lying norttern part of Bulgarian territory
can be outlined in this period. Several earthquakea magnitude around 3 are noticed
around the southern slopes of Rhodoppi MountairGieek territory. Conversely, the
northern flank of the same massif shows very slggismogenic activity in two limited
areas, the one coinciding with the 1928 Plovdicepier. In the former half-year the other
1928 hypocentral area (Tchirpan-Parvomay) was atetil/

The Sofia seismic zone is characterized by abowwn38ll seismic events and only
one of a magnitude M=3.0. During the consideredsédalf-year the seismic activity in
Sofia zone is at a lower level than during thetf2604 half-year, at that being more
dispersed over the territory.

The strongest event in Bulgaria for the whole stygyiod occurred on 1D
September in the Maritsa seismic zone. The earkequeas of a magnitude M=4.0 being
felt with maximum intensity V EMS in the Plovdivaiity. As a whole the seismic activity
of Bulgarian territory during the second half of020is relatively low and without
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occurrence of seismic sequences like these oneaatbazing the previous several years —
Yambol one (2001), Krumovo (2002), Provadia (2003).

Table 1. List of earthquakes with Mz 2.5 in Bulgaria and adjacent lands during
July — December 2004

Date Time Coordinates Hkm M

20040701 05:51:37 41.03 25.96 20 2.7
20040701 10:02:02 41.21 25.05 20 2.5
20040701 18:40:38 41.00 25.95 7 2.5
20040701 23:42:35 41.92 23.31 14 3.1
20040724 13:29:11 44.10 25.59 21 2.5
20040726 15:25:16 41.19 23.93 10 2.7
20040804 09:03:41 41.67 23.34 16 3.1
20040807 22:08:21 42.35 22.33 1 3.6
20040807 22:19:15 42.33 22.29 20 2.5
20040810 12:23:30 42.53 23.29 15 2.8
20040813 23:56:30 41.13 25.10 2 3.1
20040830 04:33:33 41.05 24.37 15 2.7
20040905 17:20:43 41.90 23.31 20 2.6
20040909 17:59:24 41.44 22.49 10 2.7
20040910 17:46:03 42.28 24.81 15 4.0
20040913 16:25:50 44.38 28.02 2 2.8
20040918 03:14:22 44.20 25.40 20 3.1
20040923 15:53:56 41.97 23.29 2 2.5
20041001 19:28:43 41.13 24.23 9 2.5
20041001 22:04:42 41.27 23.50 10 2.9
20041005 22:19:22 41.77 22.87 11 2.6
20041006 07:18:38 41.30 24.43 8 2.7
20041008 15:28:34 41.30 22.73 7 2.8
20041023 11:35:23 41.66 23.95 5 2.7
20041024 06:48:53 41.79 22.65 7 2.6
20041030 07:32:06 41.07 26.12 11 2.6
20041103 04:18:35 41.96 23.17 16 3.4
20041126 13:20:30 41.25 23.35 8 2.7
20041214 23:18:46 41.17 24.26 20 3.0
20041219 16:11:40 41.94 23.03 15 2.5

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 thergs 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 earthkps

The magnitude-frequency distribution for the entlega set is presented in Fig.3.
The number of localized events increases with tlagmtude decreasing: for M > 4 the
number of eventsis 1, for M > 3.5t is 1, for M83.4 - 6, for M=2.5-2.9 - 22, for M=2.0-
2.4 - 95 and so on. The abrupt diminishing of thenber of earthquakes in the first two

intervals (M<1.5) in Fig.3 determines also the sagition power of the seismic stations
network.
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Fig. 4. Depth - frequency distribution of the earthquakes

Taking the latter into account, it can be suppdbatithe magnitude sample for levels with
M > 1.5 is comparatively closer to the reality fbe bigger part of the Bulgarian territory.
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Fig. 5. Magnitude - depth dependence

The picture of the depth distribution in Fig.4 sisothat the majority of events
occur down to 20 km depth. It is possible the disthéd predominating depth (from 0 to 5
km) to be also due to the presence of unidentifietlistrial explosions. The magnitude
distribution of the events in depth (Fig.5) does permit any categorical differentiation of
depth "floors" with the increase of magnitude - sot@ndency can be traced out for the
formation of a very broad band maximum in the deptérval 5 - 14 km.
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Fig. 6. Time distribution of the earthquakes during Julpecember 2004.

Fig.6 illustrates the distribution of seismicity fime according to the number of
events per decade. The biggest earthquake’s anwdisplayed in September-October; the
increase in October, 99 events as a whole, isvigltbby only 54 earthquakes in November.
The lowest earthquake quantity is in December \Vehts.

Figure 7 shows the energy release in time throbghetirthquake magnitude-time
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distribution. It suggests that September the manitlen the strongest event occurred is
comparable with July - August in relation to theemyy release. The released energy
amount in the next three months is a bit lower.
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Fig. 7. Magnitude-time distribution of the earthquakesimy July — December 2004

Additionally, about 210 distant earthquakes havenbeecorded in the period
under study, as well as more than 90 industrialosipns, processed and classified in the
preliminary monthly bulletins. In order to identifthe 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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IIpeaBapuTeJIHU JaHHM 32 CeM3MHYHHTEe chOuTusl perucrpupanu or HOTCCH npe3
10 - nekemBpu 2004

E. Botes, P. 'maBueBa, b. babaukosa, C. Bennukosa, U. [{onuesa, K. JloHkoBa,
C.JlumutpoBa

Pe3tome. IlpemraraHoto Hay4yHo cbhoOlleHHE ChABpXKa 0000meHa uHpopMmanus 3a
pesyiraTuTe OT ChOMpaHeTo, o0paboTKaTa W TpeIBapUTEIHUS aHalM3 Ha IbPBUYHHTE
JaHHU 32 CEM3MHYHHTE CBOWTHSA, peructpupanu ot Haunmonamnara OneparnBHa
Tenemerpuuna Cuctema 3a Ceusmonormuna HWudopmarmms (HOTCCH) 3a BTOpOoTO
nonyroaue Ha 2004r. IlpencraBena e kapTa Ha eNUIEHTPUTE Ha 0010 6923eMeTpecenns B
gactTa OT BanKaHCKHS MONYOCTPOB, orpaHmueHa oT reorpadcka mupuua 37 - 47 N u
memkuna 19 - 30 E. Io-noapobHo ce aHamM3upa CEM3MHYHOCTTA 3a TEPHTOPUATA Ha
Boarapust u npuiexamtute i semu (403 censMudny chOuTHS B paiion ¢ koopauHati A= 22
- 29E u ¢ =41°- 44.5N). CensmoreHHuTe IPOSIBH CE OGCHKIAT IO 30HH, CPABHEHH ChC
CBCEIHH NIEPHON BPEME.
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