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Abstract. A map of epicentres of 2744 earthquakes that oedurr and around of the
central part of Balkan Peninsula (sector outlingd latitude ¢ =37- 47°N and
longitude A=19-30°E) during 2009 is presented. Expert generalizedysisaof the
seismicity over the territory of Bulgaria and itery adjacent lands (with 2017
localized events) is proposed. Catalog of earthesiakith magnitude M>3.0 is
applied.
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The present scientific communication contains galimd information on the
results of collection, processing and analysishefdata about the seismic events recorded
by the National Operative Telemetric System fors8wilogical Information (NOTSSI) in
2009. 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, periodicalbhgen 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 2009
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
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the formula (Christoskov and Samardjieva, 1983)

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.

Magnitude
=] <2
2.0-29

3.0-3.9

46.0

4.0-4.9

44.0

40.0

" ;.-

AR 7N
ST 5
B o A KA
I T W T \ \

20.0 22.0 24.0 26.0 28.0 300

38.0 —

Fig.1l. Map of epicenters in Central Balkans during 2009.

For the period of observations presented in thimsranication, the primary data
about 3700 local, regional, distant earthquakesimadidstrial explosions on the territory of
Bulgaria are recorded, classified and processeda(ark bulletin) in NOTSSI. After
comprehensive analysis of the records and applicatf the above mentioned calculation
procedures it is established that 2744 of all tegisl 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
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number of the events in the magnitude interval M=44s 1035, in M=2-2.9 - 1216, in
M=3-3.9 - 423, in M=4-4.9 — 66 earthquakes. Dutimg very much active period there are
only 4 events with magnitude M>5.0. The maximum mtagle value is M=5.8.

As a whole, the seismic situation in the study pérthe Balkans during 2009 is
characterized by extremely high activity - 2744régeagainst 1775 in 2008, 1152 in 2007,
1424 in 2006 and around 1100- 1300 for most optiewious years. The maximum realized
earthquake is with magnitude approximately six wfhilis value for the previous years is
lower then five, as a rule. It can be noted thatdbserved tendency of high increase of the
activity compared with the former years is partiyedto the high level of earthquake
activation in FYR Macedonia, SW and NE Bulgaria,nRmia, Aegean coast of Western
Turkey and Marmara sea.

The strongest event outside Bulgaria during thelystperiod occurred in the
Vrancea mountain in Eastern Romania o Z%ril 2009 with magnitude M=5.8.
According to the Euro-Mediterranean Seismologicahite, the maximum value of the
earthquake magnitude was determined up to 6.3jghelty it was felt on the almost whole
territory of NE Bulgaria, with maximum V degree MfSC in the region of Silistra. Out of
the earthquakes caused by sources situated in dighboring south-western territory
(region of Valandovo) only one was felt. Its origivas in Marmara Sea and the source
energy was assessed by magnitudes a bit greatebtfide influence was very slight, with
intensity up to II- Il degree EMS in region of Kizhaly.

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 lahging 2009
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Fig.2 illustrates the seismicity just in the teorit of Bulgaria and nearby land$ (
= 41°- 445N, A = 22 - 29E). The earthquakes are differentiated by magnitotéevals.
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 3.0 in Bulgaria and very adjacent lands during200

Date Time Coordinates H,km M
20090127 21: 23: 38 41.56 27.99 2 3.1
20090204 13:31: 17 42.59 23.98 17 3.0
20090205 15: 27: 20 41.48 27.51 10 3.0
20090207 18: 39: 27 42.85 25.19 10 3.4
20090226 12: 06: 31 41.92 23.33 13 3.2
20090307 16: 48: 11 43. 46 28.53 20 3.0
20090309 17:18:59 42.59 27.01 15 3.0
20090328 12:47: 24 41.93 23.16 15 3.3
20090408 16: 40: 22 41.95 23.24 5 3.0
20090408 18: 08: 54 41.73 25.25 12 3.5
20090408 18: 09: 54 41.73 25.27 8 3.3
20090408 19: 36: 57 41.72 25.28 13 3.5
20090409 06: 35: 25 41.74 25.26 13 3.6
20090504 07:15: 41 41.93 23.40 9 3.7
20090505 16: 11: 13 41.86 22.06 5 3.8
20090505 17:39: 32 41.85 22.11 7 3.7
20090505 17:41:59 41.87 22.02 7 3.7
20090506 14: 29: 15 41.84 22.02 10 3.4
20090516 12: 03: 33 41.09 22.43 1 3.1
20090519 16: 49: 05 42.26 26.20 5 3.2
20090523 23:22: 33 41.30 22.73 5 3.4
20090524 14:13: 35 41.33 22.71 8 3.2
20090524 14: 29: 15 41.35 22.71 8 3.7
20090524 14:30: 10 41.26 22.73 2 4.0
20090524 14: 30: 59 41.30 22.73 10 3.2
20090524 14: 34: 02 41.33 22.73 2 3.7
20090524 16: 17: 49 41.32 22.74 5 4.3
20090524 16: 23: 08 41.33 22.74 5 51
20090524 16: 24: 32 41,32 22.69 9 4.1
20090524 16: 31: 55 41.33 22.72 5 3.0
20090524 16: 35: 22 41.31 22.71 6 3.1
20090524 16:38: 12 41,27 22.73 2 3.5
20090524 16: 40: 21 41.30 22.73 16 3.5
20090524 16: 43: 56 41.30 22.71 5 3.1
20090524 16: 57: 59 41.32 22.71 8 3.0
20090524 17: 01: 43 41.34 22.71 5 3.2
20090524 17:15: 19 41.29 22.72 10 3.5
20090524 17:15: 31 41.34 22.70 5 3.9
20090524 17: 24: 40 41.27 22.74 9 3.5
20090524 17: 25: 10 41.31 22.70 15 4.1

Bulgarian Geophysical Journal, 2011, Vol. 37 87



Botev et al.: Data and analysis of the events recorded by NOTSS in 2009

20090524 17:31: 55 41.30 22.70 6 3.1
20090524 17: 46: 26 41.27 22.70 10 3.0
20090524 18:12: 53 41.36 22.71 9 3.5
20090524 18: 23: 29 41. 30 22.68 20 3.0
20090524 18: 23: 48 41.27 22.76 5 3.8
20090524 18: 24: 35 41.29 22.72 11 3.0
20090524 18: 50: 17 41.32 22.71 7 3.5
20090524 18:53: 13 41,28 22.72 5 3.3
20090524 18:53: 14 41.33 22.75 2 4.2
20090524 19:14: 11 41.31 22.69 19 3.0
20090524 19:15: 04 41.30 22.72 3 3.4
20090524 19:42: 58 41.36 22.72 4 3.4
20090524 19:49: 21 41.30 22.71 15 3.4
20090524 19:50: 01 41.29 22.73 4 3.6
20090524 19: 53: 08 41.27 22.70 20 3.3
20090524 19:53: 51 41.26 22.70 12 3.6
20090524 20: 00: 15 41.29 22.70 12 3.3
20090524 20: 03: 58 41.27 22.71 8 3.3
20090524 20: 04: 37 41.26 22.70 10 3.2
20090524 20: 09: 34 41.29 22.71 6 3.0
20090524 20:10: 05 41.28 22.75 6 3.0
20090524 20:17: 49 41.33 22.73 10 3.0
20090524 20: 23: 20 41. 30 22.67 14 3.0
20090524 20: 32: 36 41,28 22.72 9 3.5
20090524 20: 34: 14 41,28 22.72 12 3.0
20090524 20: 34: 53 41.29 22.69 11 3.3
20090524 20: 36: 25 41.39 22.71 3 3.0
20090524 20: 47: 00 41.18 22.71 20 3.4
20090524 20:48: 01 41.28 22.69 9 3.2
20090524 20: 54: 03 41.31 22.72 4 3.2
20090524 21:56: 50 41.29 22.74 11 3.1
20090524 22:09: 09 41.33 22.73 5 3.0
20090524 22:20: 08 41.32 22.71 8 3.5
20090524 22:46: 53 41. 30 22.69 11 3.5
20090524 23: 56: 46 41.26 22.71 8 3.2
20090525 04:50: 02 41. 35 22.67 10 3.6
20090525 07:44:59 41.29 22.72 5 3.7
20090525 07:59: 40 41. 31 22.67 4 4.5
20090525 08: 01: 17 41.28 22.68 0 3.4
20090525 09: 31: 17 41.29 22.76 8 3.2
20090525 10: 38: 37 41.28 22.68 9 3.0
20090525 17:11: 24 41.31 22.71 13 3.8
20090525 21:01: 28 41. 31 22.69 10 3.5
20090526 03:02: 49 41.28 22.74 10 3.0
20090526 04:10: 06 43.60 22.15 5 3.0
20090526 08: 22: 52 41. 26 22.68 10 3.1
20090526 14: 56: 38 41.37 22.72 2 3.1
20090527 15: 31: 36 41.26 22.74 10 3.5
88 Bulgarian Geophysical Journal, 2011, Vol. 37



Botev et al.: Data and analysis of the events recorded by NOTSS in 2009

20090528 12:22:53 41.23 22.74 2
20090528 14:37:50 41.29 22.73 10
20090528 19:49: 41 41.27 22.70 9
20090528 19: 51: 25 41.27 22.67 18
20090528 21:21:13 41.30 22.76 4
20090529 21: 26: 26 41.29 22.74 9
20090529 21:37:16 41.26 22.76 5
20090601 08: 03: 38 41.27 22.73 5
20090601 23:55:19 41.39 22.85 13
20090602 01: 08: 38 41.28 22.66 20
20090606 21: 40: 27 41.32 22.72 5
20090606 21: 40: 57 41.28 22.70 8
20090606 22:45: 28 41.29 22.69 8
20090612 19: 34: 08 41.26 22.74 8
20090613 10: 58: 11 41. 36 22.68 6
20090615 09: 56: 44 41.31 22.76 5
20090619 04: 15: 57 41.34 22.86 10
20090620 14:10: 39 44.29 25.75 2
20090623 00: 16: 05 41.28 22.71 10
20090625 20:17: 17 42.57 24.29 15
20090626 02: 26: 27 41. 47 24.92 10
20090628 20: 55: 40 41.51 24.94 10
20090630 08: 49: 20 41. 65 22.42 2
20090701 03:04: 41 41.33 22.81 2
20090704 06: 00: 32 41.32 22.71 2
20090704 06: 05: 48 41.36 22.70 2
20090713 22:21: 34 41.32 22.70 8
20090713 23:30: 00 41.21 22.77 6
20090719 13:26: 51 41.90 23. 26 12
20090719 16: 04: 23 41.30 22.72 2
20090721 03: 54: 00 41.82 25.10 4
20090805 07:49: 00 43.38 28.77 8
20090805 10: 39: 18 43.49 28.58 15
20090805 15:56: 19 43.50 28. 66 15
20090807 16: 06: 49 41.32 22.71 10
20090808 00: 55: 59 41.30 22.75 2
20090813 13:10: 57 42.52 26.10 2
20090824 09: 38: 06 41.32 22.73 2
20090827 03:47: 33 41.31 22.76 2
20090829 00: 10: 03 41.12 23.31 5
20090829 00: 10: 03 41.12 23.31 5
20090907 14: 06: 26 42.23 26. 24 2
20090915 15:33: 50 41.29 22.76 2
20090930 19: 08: 05 41.89 23.64 5
20091002 04:47: 14 41.45 22.60 4
20091005 10: 37: 08 41.17 23.78 7
20091006 04: 03: 15 43.26 27.44 13
20091011 02:04: 40 41.89 23.20 13
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20091018 16: 20: 54 41.34 22.75 0 3.1
20091028 10: 21: 58 42.22 26.23 5 3.5
20091028 10: 40: 42 42.21 26.25 7 3.5
20091028 11: 00: 59 42.21 26. 24 5 3.0
20091029 03:21: 20 41.71 23.92 5 3.0
20091105 19: 33: 43 41.91 23.40 9 3.1
20091123 00: 13: 44 43.29 28.29 15 3.3
20091130 05: 48: 08 43. 44 28.62 10 3.8
20091206 17:11: 43 43.40 28.73 9 3.1
20091209 18: 14: 38 41.97 23.22 2 3.2
20091223 09: 31: 37 41.95 23.16 14 3.0

On the territory of Bulgaria a very high degreeaofivity of weak earthquakes is
observed during 2009 - 2017 events against 10729@8, 672 in 2007, 818 in 2006 and
600-700 for most of the previous years. The eadkegs of a magnitude higher than 3.0 are
in a highest amount - 147 events compared withvemaged number of about 20-30 for
most of the all previous years. That is becausthefvery long aftershock series of the
strongest earthquake in Valandovo region. The maximealized magnitude M=5.2 of this
event is the highest too, in comparison with theximam magnitude in the course of
previous years.

As usually, the largest concentration of epicentenmarked in the southwestern
part of the investigated territory presented in.Eig’he Kroupnik seismic source, known
with the strongest crustal earthquakes in Europe7(®Bl 7.1) for the last 160 years
(Christoskov and Grigorova, 1968). In 2009 aboud #¥ents of M<3.0 and only three of
M>3.0 occurred in this region. The 4 May event witk3B is felt on Blagoevgrad region
by maximum intensity of IV-V EMS. The strongesttfehrthquake for the all Bulgarian
territory is the mentioned earthquake in Valandmgion with magnitude M=5.2, which is
felt in Petrich region on 24 May by maximum intépsif V EMS.

The Bulgarian seismic sources in 2009 were muchenaative than during the
previous year. They produced more than 40 eartteguiaiecting different localities in this
country. Twelve cases of magnitudes between 3.24aharoused shocks of intensity four
or more. In the rest part of the 2009 felt everstased excitation of lesser intensity. The
prevailing number of them was caused by small dédions in South-east Bulgaria, in the
region of Monastery uplift, where a big earthquakguence (swarm) had started. Several
small events showed a certain seismic activithenCentral and Eastern part of the Balkan
Mountain. In comparison with the year 2008 a sreatjuence reminded of activity in the
Kardzhaly zone in April 2009. The maximal magnitud® earthquake (on 5 August)
caused the maximal intensity value of VI degree E#®ISin the region of Kavarna on the
NE Black sea coast.
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Fig.3. Focal plane solution of the strongest Kardzhalyhejuake (09.04.2009)

For the determination of the earthquake mechangsinséed program FOCMEC.
The polarities of P wave are used as a main inpet fn the double - couple focal
mechanism are included 12 first motion polaritiegadfrom seismological stations in
Bulgaria and surrounding area taken from NOTSSI 8@ database_(ftp://www.orfeus-
eu.org/pub/data/continuous /20P6Fig.3. The solution is displayed on lower hephisre.
The polarities from ISC are not check as wavefofine polarities from seismological
stations PLD and PGB are very poor and the solusomot with very good quality. The

fault plane solutions of the rest events are witlrpquality because of a low number of
polarities.
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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 thgnitude decreasing: for M=5-5.4 the
number is 1, for 4.5-4.9 it is 3, for 4-4.4 is 60d=3.5-3.9 is 35 events for M=3.0-3.4 is
102 events, for M=2.5-2.9 - 260, for M=2.0-2.4 46&hd so on. The abrupt diminishing of
the number of earthquakes in the first two intes\@ll<1.5) in Fig.4 determines also the
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.

30 35

Fig.6. Magnitude - depth dependence
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The picture of the depth distribution in Fig.5 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.6) don’ermits to note some very clear
differentiation of depth "floors" with the increasémagnitude, but some maximum can be
traced out for the depth interval from 4 to 8 km.
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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 anisutisplayed in May, when about 587
earthquakes occurred. That is because of the Valaneéarthquake series. The lowest
earthquake quantity is in March, when only 81 esertcured. The energy release suggests
that May is the month with maximum of energy rekeaSome other strongest events
occurred in August and December.

Additionally, about 1000 distant earthquakes hagenbrecorded in the period
under study, as well as more than 500 industripleestons, 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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JlaHHM M aHAN3 HA ceM3MUYHHTe chOuTHS peructpupanu or HOTCCH npe3 2009

E.botes, U.ITonosa, b.ba6aukosa, C.Benmnukosa, W.I{lonuesa, C.Jlumutpona,
JI.InmutpoBa

Pe3tome. IlpemmaraHoto Hay4yHo ChoOIIEHHE CBABPXKA 0000meHa uHopManus 3a
pesyiTaTuTe OT CBHOMpaHeTo, 00paboTKaTa W aHaIM3a Ha IBPBHYHUTE MaHHU 32
CeM3MHUYHHUTE ChOWTHA, peructpupanu or Hammonanmnarta OmneparuBHa Tenemerpuuna
Cucrema 3a Cemsmonoruuna Uupopmanus (HOTCCH) npe3 2009r. IIpeacraBena e kapTa
Ha eNMUEeHTpUTe Ha o0mo 2744 3emeTpeceHHs B yacTTa OT baikaHCKUS IIOJIYOCTpOB,
orpammdena ot reorpadcka mupuna 37° - 47 N u gemxuna 19 - 3¢ E. Io-mogpo6ro ce
aHANU3UPa CCM3MHUYHOCTTA 32 TEPUTOPHATA Ha Bbarapus u npwiexamure i 3emu (2017
cem3sMudHE chOUTHA B paiion ¢ koopauaatu A= 22 - 2E u ¢ =41°- 44.5N). IIpexnara ce
M Katajior Ha 3emerpeceHusiTa ¢ Marantys M>3.0. Cen3aMoreHHUTE TPOSIBU ce 00CHKIAT
TI0 30HH, CPAaBHEHH ChC ChCEIHH NIEPHOIU BPEME.
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