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Abstract. A map of epicentres of 2401 earthquakes that oeduturing 2010 in the
Balkan Peninsula (sector outlined by latit4de37- 47°N and longitude\=19-30°E)
is presented. Expert generalized analysis of themsgity over the territory of
Bulgaria and its very adjacent lands (with morenthE500 localized events) is
proposed. Catalog of earthquakes with magnitude.Mi2applied.
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The present scientific communication contains galimyd information on the
results of collection, processing and analysishefdata about the seismic events recorded
by the National Operative Telemetric System fors8wilogical Information (NOTSSI) in
2010. The expanded information about the realizsdnscity is suggested as a natural
generalization and supplementation of the monthtyngilations of the preliminary
seismological bulletin of NOTSSI. The analysis andhluation of the space, time and
energy distribution of the seismicity, periodicalbgen made, open up possibilities for
searching for time correlations with the parametérdifferent geophysical fields aiming to
find out eventual precursor anomalies.

The recording and space localization of the seigwénts in NOTSSI during 2008
is realized by means of the new digital networklg&ov et al., 2005). The routine
processing and acquisition of the initial data igamized in a real time duty regime. The
operations are fulfilled by the authors of this enamication. In such a way the main goal
of NOTSSI, namely the seismicity monitoring in arde help the authorities’ and social
reaction in case of earthquakes felt on the teyritof the country, is realized. The
computing procedure for determining the parametéthe seismic events is an adaptation
of the widespread product HYPO'71 (Solakov , 199Bg energy parameters of the events
are presented mainly by the magnitude M calculatzbrding to the record’s duration by
the formula (Christoskov and Samardjieva, 1983)
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M=1.92 + 2.72log- 0.02&\

The focal mechanism parameters are obtained by snefaa program FOCMEC
(Snoke,2009). The high sensitivity of the seismpbsaallows recording and processing of
a great number of long distance earthquakes. Asuatrof the achieved experience in the
authors interpretation work, different magnitudelswer threshold for successful
determination of local, regional and long distaraethquakes 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 deterritnat different; except on the distance it
depends also on the specific position of the epéren relation to the recording network.
The parameters of seismic events occurring attardie more than 100-150 km outside the
territory of Bulgaria should be accepted only imfiatively and cannot be used for
responsible seismotectonic investigation.
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Fig.1l. Map of epicenters in Central Balkans during 2010.

For the period of observations presented in thimmanication, the primary data
about 3000 local, regional, distant earthquakesimadidstrial explosions on the territory of
Bulgaria are recorded, classified and processeda(asrk bulletin) in NOTSSI. After
comprehensive analysis of the records and applicatf the above mentioned calculation
procedures it is established that 2401 of all tegésl earthquakes are in the Balkan
Peninsula region outlined by geographic latitud®-3%7 N and longitude 19 30 E. The
epicenters of the earthquakes differentiated bynitade levels are plotted on Fig.1. The

96 Bulgarian Geophysical Journal, 2011, Vol. 37



Botev et al.: Data and analysis of the events recorded by NOTSS in 2010

number of the events in the magnitude interval =09 is 1260, in M=2-2.9 - 852, in
M=3-3.9 - 252, in M=4-4.9 — 30 earthquakes. Durihig very active period there are 7
events with magnitude M>5.0. The maximum magnitualee is M=5.5.

As a whole, the seismic situation in the study pérthe Balkans during 2008 is
characterized by very much high activity - 240Tdseagainst 2744 in 2009, 1775 in 2008,
and around 1100- 1400 for most of the previoussyeHne maximum realized earthquake is
with magnitude M=5.5 while this value for the prews years is lower then five, as a rule.
It can be noted that the observed tendency of iglease of the activity compared with
the former years is partly due to the high levekafthquake activation in Marmara sea,
Central Greece, Serbia, Romania, and also duectedse of number of microearthquekes
in the territory of Bulgaria.

The strongest event outside Bulgaria during thelystperiod occurred in the
region of Marmara sea (Turkey) on 03 November (M=&nd intensity I=IlI-IV of MSC
scale in Kurdzhali region). Other strong shakadffect because of outside attack during
the study period occurred in Kralevo region (Sérlia 07" October (magnitude M=4.4
and intensity I=11I-1V in Vidin).

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.
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Fig.2. Map of epicentres in Bulgaria and adjacent ladhging 2010

Fig.2 illustrates the seismicity just in the teorit of Bulgaria and nearby landg (
= 41° - 448N, A = 22 - 29E). The earthquakes are differentiated by magnitotevals.
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The seismic stations are also noted in the sameefigy rectangular. The parameters of
relatively stronger earthquakes are presented lileTh

Table 1. List of earthquakes with Mz 2.5 in Bulgaria and adjacent lands during 2010

Date Time Coordinates H,km M
20100106 07: 29 41.69 23.56 2 3.0
20100110 14: 59 41.97 23.22 6 2.8
20100111 16: 12 42.35 23.75 4 3.1
20100112 10: 26 41.17 23.92 5 2.5
20100116 21: 50 41.36 23.92 9 2.5
20100117 12: 11 41.76 23.84 6 2.5
20100119 14: 52 43.40 28.49 5 2.6
20100121 06: 14 41.85 25.45 2 2.9
20100125 00: 20 42.83 23.60 2 2.9
20100125 19: 14 42.18 23.67 4 2.6
20100126 17: 27 42.84 22.63 4 2.8
20100128 03: 16 41. 66 23.85 11 2.5
20100128 06: 43 41.69 23.83 3 2.7
20100129 03:19 42.19 26.26 8 2.6
20100209 15: 55 41.82 23.69 7 2.5
20100212 06: 30 41.96 23.21 10 2.8
20100213 18: 15 41.09 24.32 8 2.6
20100214 18: 45 41.51 27.81 11 2.6
20100215 23: 06 41.84 22.81 7 2.8
20100216 04: 37 42.41 23.80 5 3.3
20100218 00: 08 41.74 23.88 15 2.5
20100222 14: 02 42.25 23.38 6 3.0
20100301 13: 25 43.41 28.65 5 3.1
20100305 06: 49 41.12 24.85 2 2.6
20100305 13: 17 41.18 24.60 18 2.5
20100305 14: 24 41.77 22.95 13 2.6
20100306 17: 21 41.70 23.39 11 2.5
20100315 21: 37 42.07 25.21 5 2.5
20100316 05: 25 43,32 26.00 7 2.7
20100317 00: 12 43.24 25.98 8 2.8
20100317 00: 25 43.21 26.00 2 2.6
20100319 17: 10 41.84 22.30 7 2.7
20100323 08: 56 41.80 22.65 3 2.6
20100323 22: 56 42.22 26.23 3 2.5
20100327 10: 44 41.80 22.68 15 2.6
20100329 12: 49 42.64 26.24 15 2.6
20100403 23: 45 41.80 22.22 2 3.0
20100403 23: 50 41.88 22.29 2 3.0
20100409 22: 35 41.11 23.46 3 2.9
20100410 10: 09 41.77 25.14 10 2.5
20100410 14: 28 41.80 25.14 5 2.6
20100412 00: 48 42.27 26.14 15 2.5
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20100818 06: 34 41.98 23.16 5 3.0
20100818 19: 38 41.83 22.86 12 2.6
20100819 04: 30 41.82 22.83 10 2.6
20100820 02: 34 42.22 26.22 6 4.0
20100820 21:13 42.18 26. 29 2 2.6
20100821 02: 34 42.19 26. 26 5 3.9
20100821 02: 37 42.30 26. 17 2 2.5
20100826 22:52 41.87 23.77 5 3.1
20100827 10: 16 42.66 23. 36 6 2.8
20100902 01: 14 41.34 22.78 2 2.7
20100907 13: 33 41.89 22.26 6 2.8
20100910 00: 43 41.91 22.35 3 3.1
20100910 07:11 42.63 23. 38 4 3.5
20100914 18: 36 41.19 24.53 1 3.0
20100918 03: 46 41.30 22.78 2 2.5
20100919 17:53 42.23 26.21 2 2.8
20100928 15: 34 41.87 24.01 8 3.0
20100930 04:52 42. 47 23.65 15 2.9
20101007 19: 51 43.16 27.50 2 4.4
20101010 15: 40 41.52 24.94 12 2.5
20101012 10: 17 42.82 23.03 8 3.2
20101013 19: 43 42.84 22.92 4 3.0
20101013 21: 57 41. 33 23.63 10 2.5
20101014 05: 39 41.19 23.35 5 2.5
20101026 22: 09 41.06 27.39 2 3.1
20101029 13: 27 43. 23 26. 66 11 2.7
20101031 09: 41 41.71 24.30 5 2.7
20101031 09: 52 41.94 23.09 12 2.5
20101101 12: 13 41.22 23.97 5 2.9
201011083 02: 29 41.39 22.83 10 2.5
201011083 21: 56 42.51 23.68 7 2.8
20101107 06: 27 41.91 22.96 12 2.8
20101108 01:59 42.27 26.21 1 2.8
20101109 12: 24 41.29 24.00 5 2.8
20101110 21:52 42.23 26. 22 4 2.9
20101203 19: 51 41.87 22.44 2 2.6
20101210 20: 47 41.83 22.25 2 2.5
20101215 19: 50 42.31 24.01 5 2.6
20101216 13: 38 41.05 26.04 2 2.7
20101227 22: 47 41.97 23.25 2 2.7
20101228 04: 11 41.96 23. 24 6 2.8

On the territory of Bulgaria a very much high degref activity of weak
earthquakes is observed during 2010 - 1607 eveaisst 2017 in 2009, 1079 in 2008, and
600-800 for most of the previous years. The eadkegs of a magnitude higher than 3.0 are
a little higher then normal amount - 35 events caraeg with an averaged number of about
20-30 for most of the all previous years (except®2009 with 147 events because of the
aftershocks of Valandovo M=5.2 earthquake.). Th&imam realized magnitude M=4.4 in
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the region of Provadia is almost normal too, in panson with the maximum magnitude in
the course of previous years. As usually, the kBtrgencentration of epicenters is marked
in the southwestern part of the territory presetimellig.1. The Kroupnik seismic source is
known with the strongest crustal earthquakes iropei({M=7.8, 7.1) for the last 160 years.
In 2010 about 70 events of M<3.0 and 6 of3/D occurred in this region. The 16 May
event with M=3.3 is felt on Blagoevgrad region Imyensity of IV EMS. The strongest
earthquake for the south-western part of Bulgargaritory is with magnitude M=3.5, it is
felt on 28 January in Gotce Delchev region (westdopes of Rhodope mountain) by
intensity of IV-V EMS.

The Bulgarian seismic sources in 2010 are relatimebre active than during the
previous year. They produced more than 20 eartteguaiecting different localities in this
country by intensity of up to IV degrees EMS. Sexecases of magnitudes between 2.2 and
2.8 aroused shocks of intensity three or a bit maniginated in Monastery Highland
territories and only one with M=3.9 caused IV-WSK on 21 August. In the rest part of
the 2010 felt events caused excitation of lessemnsity. The prevailing number of them
was caused by small dislocations in Rila-Rhodogeagion; two of them showed a certain
seismic activity in the Central and Eastern pathefBalkan Mountain. The strongest event
with magnitude Ms=4.4 occur in north-eastern Bulgaon 07 October and caused
macroseismic impact with intensity of VI degree EM&ale. Most significant seismic
activity is associated with the Vitosha fault sture in the Sofia region where three shocks
during the time of two weeks shook the city centith maximum intensity of VI EMS
since 27 August to 10 September.
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Fig.3. Focal plane solution of the strongest Rhodope/éi€bevitca) earthquake (29.04.2010)

For the determination of the earthquake mechanssoséd program FOCMEC.
Input are polarities of the P wave. In the doubt®uple focal mechanism are included 12
first motion polarities data from seismologicalti&tas in Bulgaria and surrounding area
taken from NOTSSI and ISC database (ftp://www.asfeu.org/pub/data/continuous
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[2006) - Fig.3. The solution is displayed on lower hgphisre. The polarities from ISC are
not check as waveform. The polarities from seismickl stations KAVA and PGB are

poor and the solution is not with very good qualitye fault plane solutions of the some
other events are with very bad quality becauseloenumber of polarities.
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Fig.4. Magnitude - frequency distribution of the earthkes

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.

The magnitude-frequency distribution for the entlega set is presented in Fig.4.
The number of localized events increases with thgmtude decreasing: for M=4.0-4.4 is
1 event for M=3.5-3.9 is 6 events, for M=3.0-3.428 events, for M=2.5-2.9 - 95, for
M=2.0-2.4 - 317 and so on. The abrupt diminishifigh@ number of earthquakes in the
first two intervals (M<1.5) in Fig.4 determines @lthe registration power of the seismic
stations network.
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Fig.5. 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.6. Magnitude - depth dependence

The picture of the depth distribution in Fig.5 sisothat the majority of events
occur down to 20 km depth. The number of eventsedases smoothly with increase of the
depth. It is possible the established predominadiepth (from 0 to 5 km) to be also due to
the presence of unidentified industrial explosidnghe same time the number of events in
the interval 15-20 km is bigger. The magnituderiistion of the events in depth (Fig.6)
don’t permits to note some differentiation of defftbors" with the increase of magnitude -
the maximums can be traced out for all of the ddpthrval from 2 to 20 km. It is
remarkable that the strongest events are not desgpesl.
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Fig.7. Time distribution of the earthquakes.

Fig.7 illustrates the distribution of seismicity fime according to the number of
events per months. The biggest earthquake’s amsuwisplayed in June, when more then
160 earthquakes occurred, approximately the simsitaiation in March and September is
observed — 149 and 151 events. The lowest eatthqggaantity is in November, 104
events. The energy release suggests that in Octalbem 122 events occurred, is the
month with maximum of energy release.

Additionally, about 900 distant earthquakes havenbeecorded in the period
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under study, as well as more than 600 industriplaestons, processed and classified in the
preliminary monthly bulletins. In order to identifthe artificial seismic sources the

methodical approach described by Deneva et al.g)188d some information about the

quarry sites in Bulgaria have been used.
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JlaHHM M aHAN3 HA cem3MUYHHTe chOuTHS peructpupanu or HOTCCH npe3 2010

E.botes, N.ITonosa, b.ba6aukosa, C.Benmukosa, U.Ilonuesa, C.Jlumutposa, B.boiiues,
JI.InmutpoBa

Pe3tome. IIpemnaranoro HaydyHO CchOOIIEHWE ChIABpXka o0000mEeHa wHQopManms 3a
pesynratuTe OT CchOMpaHeTo, 00paboTKaTa W aHaIW3a Ha MHPBUYHATE JIaHHW 3a
CeM3MHUYHHUTE CBHOUTHA, peructpupanu ot Hanumonanmnarta OneparuBHa TenemeTpuyHa
Cucrema 3a Censmosnoruuna Mugpopmarms (HOTCCH) npes 2010r. IIpencrasena € kapra
Ha enuieHTpure Ha 00mo 2401 3emerpeceHuss B 4acTra OT BalKaHCKHS IIOJYOCTPOB,
orpanmdena ot reorpadceka mupuna 37° - 47° N u xpmkuna 19 - 3¢ E. Ho-moapo6Ho ce
AQHAIM3MPa CCM3MHUYHOCTTA 3a TEPUTOPHATA HA Bbarapus u mpwiexamure i 3emu (1607
cemsMUYHH chOUTHS B paiion ¢ koopauHati A= 22 - 2FE u ¢ =41°- 44.5N). IIpemnara ce
M KaTaJloT Ha 3eMETPeceHHUsITa ¢ MarHuTyq M>2,5. CeH3MOreHHUTE MPOSBU Ce 00CHKIAT
0 30HH, CPAaBHEHH ChC ChCEIHH MEPHOJIN BpEME.
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