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Abstract. A map of epicenters of 1508 earthquakes that oeduturing 2012 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 morentt#30 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
2012. 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 2012
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- 0.026)\

The focal mechanism parameters are obtained by snafaa program FOCMEC
(Snoke,2009). The high sensitivity of the seismpbgaallows 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 distaneethquakes 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 imfatively and cannot be used for
responsible seismotectonic investigation.
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Fig.1. Map of epicenters in Central Balkans during 2012.

For the period of observations presented in thimmanication, the primary data
about 2000 local, regional, distant earthquakesiagidstrial explosions on the territory of
Bulgaria are recorded, classified and processeda(ark bulletin) in NOTSSI. After
comprehensive analysis of the records and applicaif the above mentioned calculation
procedures it is established that 1508 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 bynitbade levels are plotted on Fig.1. The
number of the events in the magnitude interval \d=D9 is 744, in M=2-2.9 - 576, in
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M=3-3.9 - 155, in M=4-4.9 — 33 earthquakes. Durihig not so active period there are 2
events with magnitude M>5. The maximum magnitudeesés M=5.6.

As a whole, the seismic situation in the study jpdrthe Balkans during 2012 is
characterized by not so high activity - 1508 eseagainst 1829 in 2011, 2401 in 2010,
2744 in 2009, 1775 in 2008, and around 1100- 14@0riost of the previous years. The
maximum realized earthquake is with magnitude M8=#&hile this value for the previous
years is lower then five, as a rule, except 20M=5.8. It can be noted that the observed
tendency of high increase of the activity compaméti the former years is partly due to the
high level of earthquake activation in Marmara eentral Greece, Serbia, Romania, and
also due to increase of number of microearthquigkdse territory of Bulgaria.

The strongest event outside Bulgaria during thdysperiod occurred in the region
situated to the south of Marmara sea (Turkey) maétgnitude M=5.3. Shakable effects
because of outside attack (Vranchea source zoriRomania) during the study period
occurred 3 times in north-eastern Bulgaria (intignHi in towns of Ruse, Tutrakan and
Silistra).

As a whole, events with M<3.0 which occur outsidddaria 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 epicenters in Bulgaria and adjacent langsg 2012

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

Table 1. List of earthquakes with Mz 2.5 in Bulgaria and adjacent lands during 2012
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Date Time Coordinates _ H,km M
2012/ 1/ 12 5:37:21.3 41.85 22.86 13 3.0
2012/ 1/ 19 13:41:34.4 41.26 2345 5 2.6
2012/ 1/ 20 22:58:42.0 4196 23.38 5 35
2012/ 1/ 24 5:25:45.7 41.72 2426 8 3.0
2012/ 2/ 9 22:34:40.5 42.20 26.27 10 3.2
2012/ 2/ 9 22:37:20.6 42.18 26.29 8 2.6
2012/ 2/ 12 23: 8:46.9 42.68 23.27 15 2.6
2012/ 2/ 29 15:1:48.2 43.65 27.38 12 2.8
2012/ 3/ 23 11: 2:34.9 41.34 22.83 7 2.6
2012/ 3/ 30 20:48:33.6 42.67 2630 4 3.9
2012/ 4/ 8 15:27:12.7 4219 25.22 2 2.5
2012/ 5/ 1 19:11:23.0 4191 23.28 2 2.8
2012/ 5/ 4 13:20: 0.1 43.07 22.10 1 3.2
2012/ 5/ 7 12:44:14.2 41.82 22.02 15 2.5
2012/ 5/ 10 22:40:29.1 41.38 25.72 9 3.1
2012/ 5/ 12 7:32: 4.0 41.36 2281 2 2.7
2012/ 5/ 15 17:30: 1.2 41.46 28.02 2 3.2
2012/ 5/ 18 2:50:14.4 41.92 23.26 2 2.6
2012/ 5/ 20 0:0:325 4258 23.00 9 5.6
2012/ 5/ 22 0:4.52.6 4258 2297 8 3.9
2012/ 5/ 22 0:15: 5.0 4255 23.15 13 2.5
2012/ 5/ 22 0:16:53.1 42.56 23.09 13 3.0
2012/ 5/ 22 0:23:35.4 42.56 23.06 11 2.9
2012/ 5/ 22 0:43:47.3 42.58 23.05 10 3.4
2012/ 5/ 22 0:49:24.5 4257 23.04 9 2.7
2012/ 5/ 22 0:55:57.5 42.56 23.07 10 2.9
2012/ 5/ 22 1:30:50.6 4258 23.01 9 4.4
2012/ 5/ 22 1:34:30.5 42.53 23.09 10 3.0
2012/ 5/ 22 1:37:21.9 4254 23.12 12 2.9
2012/ 5/ 22 12: 4:59.1 42.33 23.06 2 2.8
2012/ 5/ 22 16:26:12.4 42.58 23.06 15 2.6
2012/ 5/ 22 17:7:41.5 42.58 23.03 15 3.3
2012/ 5/ 22 19:52:35.2 42.59 23.03 15 2.9
2012/ 5/ 22 2:11: 6.3 42.60 22.97 12 3.2
2012/ 5/ 22 2:13:28.3 4257 23.05 5 4.1
2012/ 5/ 22 3:23:26.9 42.40 23.42 2 2.9
2012/ 5/ 22 3:41:36.0 4258 23.02 7 2.8
2012/ 5/ 22 4:9:58.5 4257 23.04 2 3.2
2012/ 5/ 22 4:29:11.5 42.58 23.08 15 3.1
2012/ 5/ 23 10:57:25.1 4254 23.11 11 3.0
2012/ 5/ 23 11:41:.8.3 42.56 23.02 2 3.1
2012/ 5/ 23 13:31:32.4 42.58 23.03 15 2.6
2012/ 5/ 23 21:59:14.8 42,56 23.10 10 3.7
2012/ 5/ 24 22:49: 5.7 4257 23.00 4 2.5
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2012/ 11/ 28 15:32:52.3 41.31 2240 12 3.4
2012/ 11/ 29 23:52:21.7 4191 2325 6 2.5
2012/ 12/ 2 20:11:31.7 43.02 2792 13 3.0
2012/ 12/ 3 18:58:39.4 43.46 28.67 15 4.1
2012/ 12/ 6 7:28:35.1 41.38 2251 9 2.6
2012/ 12/ 10 16:58:29.0 43.46 27.88 15 2.7
2012/ 12/ 15 15:43:37.1 4129 2278 2 2.6
2012/ 12/ 23 20:31:16.4 4133 2262 2 2.6

On the territory of Bulgaria relatively low actiyitof earthquakes is observed
during 2012: — only 932 events are observed, aga235 in 2011, 1607 in 2010, 2017 in
2009 and 1079 in 2008. The earthquakes of a mafmihigher than 3.0 are in normal
amount — 35 events compared with an averaged nuaiftsyout 20-30 for most of the all
previous years (exception is 2009 with 147 eveatsaahbse of the aftershocks of Valandovo
M=5.2 earthquake.).

The maximum realized magnitude is Ms=5.8 (Mw=5r6}the region of Pernik
which is the highest earthquake, in comparison tithmaximum magnitude in the course
of previous years. The strongest Bulgarian everindl?012 occurs on 22 May and caused
macroseismic effects with intensity of VII-VIII degg of MSC scale in the town of Pernik
— close to Bulgarian capital Sofia. During thetfilay the main shock is followed by more
then 30 events with maximum M=4.4, causing modedat@ages in a wide area including
the main city. According to the calculations of thetional seismological centre the depth
of the event is about 10 km. The epicentres of ghecks are in an area which was
relatively silent for the last 100 years. The tigkly short duration and low frequency of
the aftershock sequence of this event does notaser significantly the relatively low
number of all seismic events in Bulgarian territdoying 2012.

As usual, the largest concentration of the ep@msnin the other regions of
Bulgarian territory during 2012 is marked in theutsavestern part of the investigated
region (presented in Fig.2). The Kroupnik seismieirse is known with the strongest
crustal earthquakes in Europe (M=7.8, 7.1) forldst 160 years. In 2012 about 50 events
of M<3.0 and only 3 of ™3.0 occurred in this region. The strongest feltheprake for the
south-western part of Bulgarian territory is wittagmitude M=3.5, it is felt on 20 January
in Razlog region (southern slopes of Rila mountaiynjntensity of 11l - IV degree of MSC
scale.

The other Bulgarian seismic sources in 2012 aratively not so active than
during the previous years. They produced not moaa 15 earthquakes affecting different
localities in this country by intensity of up to ¥ degrees of MSC scale. The maximum
number of felt earthquakes is occurred around tlomaddtery uplift. About four cases of
magnitudes less than 3.0 aroused shocks of inyetisiee or a bit more are felt in
Monastery Highland territories. The maximum eveithwM=4.1 in Black sea caused V
degree of MSC scale on 03 December in Shabla rggiorih-eastern Black sea cost). A
strong event M=3.9 in the neighbor region of Slitewn caused effects of V-V degree of
MSC. A relatively so much significant seismic impas associated with the Velingrad
earthquake source zone in the Rhodopean regiomrevdre event with magnitude M=3.6
shook the city of Velingrad with intensity of IV-degree of MSC on 03 June. In the rest
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part of the Bulgarian territory the felt events sadl excitation of lesser intensity during
2012,
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Fig.3. Focal plane solution of the strongest Pernik egrdke (22.05.2012, 00:00 GMT)

For the determination of the earthquake mechantlnprogram FOCMEC is
used. Input data are the polarities of the P wawveenty three first motion polarities data
from seismological stations in Bulgaria and surdiog area taken from NOTSSI and ISC
databasefip://www.orfeus-eu.org/pub/data/continuous /2Q1#tk included in the double -
couple focal mechanism - Fig.3. The solution ispldiged on lower hemisphere. The
polarities from ISC are check as waveform. Thekstridip and rake are determined in
accuracy up to 10 degree. The earthquake is clesizad as a normal faulting, with very

small strike-slip component. The fault plane solns of the some other events are with
very bad quality because of a low number of pdaksit

407
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Fig.4. Magnitude - frequency distribution of the earthkpsm

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
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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 tlagmtude decreasing: favi>5 — 1
event, M= 4.0-4.5 is 5 events, M=3.5-3.9 is 7 esefor M=3.0-3.4 is 25 events, for
M=2.5-2.9 - 59, for M=2.0-2.4 - 218 and so on. Biwupt diminishing of the number of

earthquakes in the first two intervals (M<1.5) ifg.B determines also the registration
power of the seismic stations network.

0 4 + + — = +
0-5. 6-10. 11-15. 16.-20. 2125 25.-30 3138

Depth

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.

6,0

Depth

Fig.6. Magnitude - depth dependence

The picture of the depth distribution in Fig.5 sisothat the majority of events
occur down to 15 km depth. The number of events c¢ decreas smoothly with increase
of the depth. It is possible the established predating depth (from 0 to 5 km) to be also
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due to the presence of small number of unidentifieldistrial explosions. In the same time
the number of events in the interval 11-15 km ggbr. The magnitude distribution of the
events in depth (Fig.6) permits to note some diffiation of depth "floors" with the
increase of magnitude - the maximums can be tragetbr the depth interval from 4 to 15
km. It is remarkable that the strongest eventsiataleep situated and the maximal event is
associated with 9 km depth.

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 aniswisplayed in May, when more then
150 earthquakes occurred, and it is associated aftiénshock activity of 22May maximal
earthquake. The lowest earthquake quantity ismudey - February, around 50 events. The
energy release suggests that the period May - Augiren the relatively short aftershock
sequence in Pernik region occurred, is the timé wiaximum of energy release. Local
maximum of events is observed in October, when B@0warthquakes occurred.

Additionally, about 900 distant earthquakes havenbeecorded in the period
under study, as well as more than 800 industriplastons, 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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JIaHHU U aHAJIM3 HA ceu3MUYHMTE chouTHs perucrpupanu ot HOTCCH npes 2012

E.bores, B.IIporononosa, N.ITomoa, bi.badaukora, C.Bemmukosa, U.1loHuesa,
IIn.PaiixoBa , Bi.boitues, J[.JIazapos

Pe3ome. IIpemnaranoro HayyHO CchOOIIEHWE ChABpka o0000mEeHa wHQopMamms 3a
pe3ynraTuTe OT CchOMpaHeTo, 00paboTKaTa W aHalIW3a HAa MHPBUYHATE JIaHHW 3a
CeM3MHUYHHUTE CBHOUTHA, peructpupanu ot Hanwmonanmnarta OneparuBHa TenemeTpuuna
Cucrema 3a Censmosnoruuna Mugpopmarms (HOTCCH) npes 2012r. IIpencrasena € kapra
Ha enuieHTpure Ha 00mo 1508 3emerpecenuss B yacTra OT BalKaHCKHS IOJYOCTPOB,
orpanmdeHa ot reorpadceka mupuna 37° - 47° N u xpmkuna 19 - 3¢ E. Ho-moapo6Ho ce
QHATM3MPA CEM3MUYHOCTTA 33 TEPUTOpPHsITa Ha Bhirapust u mpuiekammure i 3emu (IoBede
ot 930 cemsmuunn cvOuTHs B paiion ¢ koopmunata A= 22 - 2FE u ¢ =41° - 44.5N).
Ipeznnara ce 1 KaTaJor Ha 3eMeTpeceHus1Ta ¢ MaruuTya M>2,5. Cen3aMoreHHHUTe MPOsIBH Ce
00CHKIAT TI0 30HH, CPABHEHH ChC ChCEHU TIEPUOIH BPEME.

102 Bulgarian Geophysical Journal, 2012, Vol. 38



