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Abstract. A map of epicenters of 1602 earthquakes that oeduturing 2014 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 morenttf#47 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
2014. 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 2014
is realized by means of the new digital networklg&ov et al., 2006). 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 calculatmbrding to the records duration by
the formula (Christoskov and Samardjieva, 1983).
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M = 1.92 + 2.72log- 0.026)\

After bringing into use the new digital broadbangismometers of NOTSSI
network, the magnitude determination for local aegional events is calculated by P wave
amplitude ratio (Christoskov at all, 2011a, b).

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 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 deterrignas 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 201g€®Street Map - Tableau Desktop 9.2.)
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For the period of observations presented in thisroanication, the primary data
about 2000 local, regional, distant earthquakesimaddstrial 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 1602 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
number of the events in the magnitude interval Nd=D9 is 657, in M=2-2.9 - 630, in
M=3-3.9 - 237, in M=4-4.9 — 66, in M=5-5.9 — 11 #mmuakes. During this not so active
period there is 1 event with magnitude M=6.6. Alftaquakes with magnitude more than 4
are out of Bulgarian borders.

As a whole, the seismic situation in the studied phthe Balkans during 2014 is
characterized as not so high activity - 1602 evesitgilar with previous year (2013) —
1622events, against 1508 in 2012, 1829 in 20111 24@010, 2744 in 2009, 1775 in 2008,
and around 1100- 1400 for most of the previoussyeHne maximum realized earthquake is
with magnitude Ms=6.6 in North Aegean sea, whilis tyalue for the previous years is
lower then five, as a rule, except 2011 — M=5.8 2082 - M=5.6. It can be noted that the
observed tendency of relatevely high activity istlgadue to the high level of earthquake
activation in North Aegean sea, Romania, CentraleGe, Serbia, and also due to increase
of number of microearthquekes in the territory ofdaria.

The strongest event outside Bulgaria during thdysperiod occurred in the region
situated to the south of North Aegean Sea (Greefitt) magnitude M=6.6. This event
caused VI - VIl degree of MSC scale on 24 May irrdghaly region and Haskovo town.
Shakable effects because of outside attack (eakieqwith magnitude M=5.6 in Vranchea
source zone in Romania) during the study perioduwed in north-eastern Bulgaria -
intensity 1V-V degree of MSC in town of Silistraa @2 November 2014.
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Fig.2. Map of epicenters in Bulgaria and adjacent langtd 2014 (Open Street Map - Tableau
Desktop 9.2.)
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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 teorit of Bulgaria and nearby land$ (
= 41°- 443N, A = 22 - 29E). The earthquakes are differentiated by magnitotéevals.
The parameters of relatively stronger earthquakegi@esented in Table 1.

Table 1. List of earthquakes with Mz 2.5 in Bulgaria and adjacent lands during 2014

. Latitude Longitude Depth Local

Date Time IN°] [%’] [krlz] magnitude
3.1.2014 11:33:33.6 41.28 22.74 5 3.2
5.1.2014 4:51:18.1 41.63 23.76 12 2.6
10.1.2014 7:22:21.5 41.64 24.00 20 2.7
12.1.2014 0:29:15.2 41.83 22.89 8 2.5
13.1.2014 3:34:17.2 41.55 22.86 15 2.6
14.1.2014 12:5:48.5 41.92 24.54 18 3.2
14.1.2014 15:44: 1.5 41.91 2453 17 3.1
16.1.2014 2:1:10.1 42.22 26.24 20 3.0
19.1.2014 4:51:18.1 41.63 23.76 12 2.6
29.1.2014 10:40:17.1 41.93 24.55 18 2.7
29.1.2014 4:31: 4.7 41.92 24.52 12 2.5
29.1.2014 5:5:10.8 41.92 2454 20 3.4
29.1.2014 7:39:47.2 42.42 23.81 20 25
30.1.2014 7:39:47.3 42.42 23.81 18 25
30.1.2014 9:23:38.9 42.41 23.81 11 2.9
30.1.2014 9:32:29.4 42.41 23.81 3 2.8
2.2.2014 22:47:23.2 41.93 24.49 8 2.8
5.2.2014 1:56:44.4 41.42 28.64 26 3.4
5.2.2014 3:54:17.3 42.17 23.58 10 2.8
9.2.2014 22:31:11.0 41.92 2453 20 2.7
17.2.2014 17:49:41.1 41.03 27.57 17 2.6
17.2.2014 21:55: 4.5 41.69 23.82 6 2.6
17.2.2014 9:26:30.2 41.68 23.84 2 25
18.2.2014 20:30:59.5 42.07 24.86 7 2.6
20.2.2014 15:12: 0.0 41.69 23.83 2 3.3
23.2.2014 16: 9:45.6 41.52 24.58 2 2.5
28.2.2014 15:35:14.5 41.14 25.60 8 3.2
28.2.2014 18:48:54.7 41.19 25.54 8 25
1.3.2014 20:24: 6.6 41.21 25.53 11 2.7
4.3.2014 0:49:11.7 42.41 23.82 9 2.9
6.3.2014 19:19:33.2 41.67 23.83 11 25
11.3.2014 18:50:48.1 43.12 22.04 4 35
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Date Time Latitude Longitude Depth Loc_al

[N°] [E°] [km] magnitude
13.3.2014 6:16:45.9 41.19 25.57 5 2.6
15.3.2014 13:44:27.9 42.59 22.95 8 2.7
16.3.2014 23:44:36.9 41.15 24.47 12 3.0
20.3.2014 23:47:46.6 41.64 24.05 2 2.6
22.3.2014 15:21:16.0 41.93 23.24 2 2.8
27.3.2014 18:20:12.7 41.24 28.31 13 2.7
28.3.2014 4:41:44.8 42.16 23.58 8 3.2
1.4.2014 16: 6:13.6 41.78 23.78 16 2.5
5.4.2014 3:36:47.9 41.82 22.83 11 3.1
14.4.2014 7:44. 4.7 41.29 22.47 17 2.5
15.4.2014 12:27:48.6 42.65 23.24 7 2.5
17.4.2014 15:58:55.0 42.21 23.57 5 2.6
19.4.2014 16: 2:50.9 42.17 25.15 8 3.1
19.4.2014 23:39:51.1 42.18 25.17 15 2.8
23.4.2014 23:26:8.5 42.17 23.57 9 25
24.4.2014 1:7:29.9 42.42 23.49 14 2.5
30.4.2014 12:18: 1.7 42.17 26.31 9 2.5
3.5.2014 1:55:55.9 42.42 23.49 14 2.5
6.5.2014 1:54:22.5 42.54 23.04 11 2.9
6.5.2014 6:2:22.7 44.23 28.61 10 2.7
14.5.2014 12:20:45.8 43.69 28.75 33 2.6
22.5.2014 8:24:50.9 42.23 28.03 4 25
22.5.2014 8:24:50.9 42.23 28.03 4 25
24.5.2014 9:32:40.5 42.46 23.15 8 2.8
26.5.2014 20:39:12.5 41.50 24.93 17 34
7.6.2014 7:58:59.3 41.44 22.74 3 2.6
20.6.2014 5:19:11.9 42.17 23.56 20 2.5
24.6.2014 19:39:53.3 43.85 24,51 28 4.0
25.6.2014 19:17:47.6 42.37 25.91 2 2.7
8.7.2014 17: 4:27.9 41.18 23.13 9 3.0
11.7.2014 7:45:9.8 42.20 27.91 4 2.5
16.7.2014 22:45:13.3 41.60 24.33 15 2.8
30.7.2014 13:11:52.1 41.60 24.35 13 2.6
30.7.2014 13:59:25.5 41.59 24.35 14 2.6
2.8.2014 3:.57:5.6 41.60 24.34 16 2.8
5.8.2014 17:59:45.5 41.02 24.38 17 2.6
7.8.2014 16:34:15.5 43.10 27.44 2 2.6
16.8.2014 22:42:54.1 42.25 24.08 13 2.8
20.8.2014 1:29:30.4 41.61 24.34 14 2.8
21.8.2014 4:28:15.9 41.68 24.23 6 3.9
22.8.2014 7:16:21.1 42.15 23.42 10 2.7
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Date Time Latitude Longitude Depth Loc_al

[N°] [E°] [km] magnitude

23.8.2014 5:11:1.0 41.94 23.05 13 2.5
1.9.2014 7:46:48.8 41.79 23.00 20 2.5
2.9.2014 2:37:16.0 42.25 25.01 9 2.5
2.9.2014 4:54:24.5 42.58 23.05 20 2.8
8.9.2014 3:41:10.3 41.85 22.85 13 25
13.9.2014 14: 3:20.9 41.59 23.48 14 2.7
13.9.2014 14: 4:25.8 41.60 23.49 13 2.7
17.9.2014 9:25:4.9 41.85 25.41 13 2.5
23.9.2014 19:3:3.4 41.13 23.30 13 2.5
25.9.2014 22:13:5.1 43.04 22.18 2 25
25.9.2014 22:49:15.5 43.02 22.30 3 2.7
26.9.2014 3:52:56.6 43.46 25.43 2 25
1.10.2014 9:47:54.8 41.10 23.32 10 3.0
5.10.2014 9:45: 2.3 41.04 24.29 8 3.1
10.10.2014 20:21:39.5 42.20 25.27 13 2.8
13.10.2014 19:58:32.6 41.23 24.01 13 2.7
15.10.2014 20:27:37.9 44.07 22.11 15 2.7
25.10.2014 20:6:7.7 41.08 23.42 11 2.5
5.11.2014 1:58:21.3 41.97 23.21 12 2.6
5.11.2014 11: 0:43.6 41.84 25.15 11 3.0
5.11.2014 19:19:31.5 41.74 22.34 18 2.5
5.11.2014 3:40:48.2 41.98 23.24 5 25
7.11.2014 7:1:40.9 42.59 22.99 13 2.8
7.11.2014 7:42: 8.8 41.04 23.40 6 3.0
11.11.2014 13:16:22.9 41.38 22.63 1 2.8
20.11.2014 11:50: 8.5 41.98 23.23 2 2.6
20.11.2014 12:13:24.7 41.96 23.17 14 3.2
21.11.2014 8:30:32.2 41.97 23.23 5 2.6
28.11.2014 11:23:47.1 41.28 22.78 9 2.7
5.12.2014 1:17:20.8 41.92 22.60 8 2.6
12.12.2014 17:33:29.1 41.09 22.30 10 2.7
12.12.2014 19:59:20.6 41.16 23.87 15 2.5

On the territory of Bulgaria relatively normal adty of earthquakes is observed
during 2014 — 947 events are observed, against 112013, 932 in 2012, 1205 in 2011,
1607 in 2010, 2017 in 2009 and 1079 in 2008. Ththgaakes of a magnitude higher than
3.0 are in normal amount — 22 events compared avitlaveraged number of about 20-35
for most of the all previous years (exception iD20nith 147 events because of the
aftershocks of Valandovo M=5.2 earthquake).

The maximum realized magnitude on Bulgarian teryiis Ms=3.9 (in the region
of West Rhodopes), which is not the highest eaidkqg, in comparison with the maximum
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magnitude in the course of previous years. Thengest event (with magnitude M=4.0)
occurs on 24th of June 2014, close to Bulgarianldéiofon Romanian territory) and caused
macroseismic effects with intensity of IV degreeMBC scale in the town of Belene.

As usual, the largest concentration of the epiegente the other regions of
Bulgarian territory during 2014 is marked in theutsovestern 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 2014 only 3 events of
M>3.0 occurred in this region. The strongest feltheprake for the south-western part of
Bulgarian territory is with magnitude M=3.3, itfislt on 20" of February in Gotse Delchev
region (western slopes of Rhodope mountain) bynsitg of 1l - IV degree of MSC scale.

The other Bulgarian seismic sources in 2014 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 td H IV degrees of MSC scale. The maximum
number of felt earthquakes is occurred around thenddtery uplift. Two cases of
magnitudes about 3.0 aroused shocks of intensity Uy degrees of MSC scale are felt in
Monastery Highland territories. A relatively not significant seismic impact is associated
with the Pernik earthquake source zone in the akpérts of West Bulgaria.

Strike 130 Dip 35 Slip =2

g?

Fig.3. Focal plane solution of earthquake close to thig@ian NPP Kozloduy (24.06.2014, 19:39
GMT, MI=4.0, H=28 kn)

For the determination of the earthquake mechanlenprogram FOCMEC is
used. Input data are the polarities of the P wawveenty five first motion polarities data
from seismological stations in Bulgaria and surding area, taken from NOTSSI and
Orfeus databasdtg://www.orfeus-eu.org/pub/data/continuous /2Q1aie included in the
double - couple focal mechanism - Fig.3. The sotuis displayed on lower hemisphere.
The polarities from Orfeus are check as waveforhe $trike, dip and rake are determined
in accuracy up to 5 degree. The earthquake is cteized as a strike-slip faulting, with
very small dip-slip component. The fault plane $iols of the some other events are with
very bad quality because of a low nhumber of paksit
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A detailed analysis of seismicity in the individusgismic zones is hard to be
fulfilled because of the insufficient quantity ofesmts and the narrow magnitude range of
the earthquakes. The joint statistics of all thents in Fig.2 characterize predominantly the
seismicity parameters of the southwestern pati@territory under investigation.

Depth [km]
250
© 200
"4
©
o
=
& 150
Wi
B
E
£ 100
=
50
O | Cam—
6-10 11-15 16-20 21-25 26-30 31-35

Fig.5. Depth - frequency distribution of the earthquakes

The magnitude-frequency distribution for the entlega set is presented in Fig.4.
The number of localized events increases with thgnitude decreasing: for M= 4.0 is 1
event, M=3.5-3.9 is 2 events, for M=3.0-3.4 is @rgs, for M=2.5-2.9 - 83, for M=2.0-2.4
- 217 and so on. The abrupt diminishing of the nembf earthquakes in the first two
intervals (M<1.5) in Fig.4 determines also the s&gition power of the seismic stations
network. Taking the latter into account, it candupposed that the magnitude sample for
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levels with M > 1.5 is comparatively closer to theality for the bigger part of the
Bulgarian territory.
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The picture of the depth distribution in Fig.5 sisothat the majority of events
occur in range 11-20 km depth. The number of evdots not decrease smoothly with
increase of the depth. It is possible the estabtigiredominating depth (from 11 to 20 km)
to be also due to the presence of small numbenioeatified industrial explosions. In the
same time the number of events in the interval 31kin is bigger. The magnitude
distribution of the events in depth (Fig.6) perntilsnote some differentiation of depth
"floors" with the increase of magnitude - the maxims can be traced out for the depth
interval from 4 to 28 km. It is remarkable that #teongest events are relatively uniformly
deep situated.
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Fig.7. Time distribution of the earthquakes.
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Fig.7 illustrates the distribution of seismicity fime according to the number of
events per months. The biggest earthquake’s anisuligplayed in April, when more then
120 earthquakes occurred, and it is associated seitmic activity in Central Bulgaria —
Monastery Uplifts region and Parvomay town regidhe lowest earthquake quantity is in
October and December, less than 30 events per nibimhmaximum energy release during
the period May - August does not corresponded ¢ontaximum number of events during
the first half of the year.

Additionally, about 1100 distant earthquakes hagerbrecorded in the period
under study, as well as more than 900 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 aHATN3 HA ceM3MUYHHTe chOuTHUS peructpupanu or HOTCCH npe3 2014

E.botes, B.IIpotomnonosa, U.Anekcanaposa, bia.babaukosa, C.Bennuakosa, M.ITomoga,
IIn.PaiikoBa, M.IlomoBa

Pe3tome. Ilpemnaranoro HaydyHO CchOOIIEHWE ChIABpXka o0000mEeHa wHQopMamms 3a
pesyinraTuTe OT CchOMpaHeTo, 00paboTKaTa W aHaIW3a Ha IIHPBUYHATE JIaHHW 3a
CeM3MHUYHHUTE CBHOUTHA, peructpupanu ot Hanwmonanmnarta OneparuBHa TenemerpuuHa
Cucrema 3a Censmosnoruuna Mugpopmarms (HOTCCHU) npes 2014r. IIpencrasena € kapra
Ha enuieHTpuTe Ha 00mo 1602 3emerpeceHHss B 4acTra OT BalKaHCKHS IIOJYOCTPOB,
orpanmdeHa ot reorpadeka mupuna 37° - 47° N u xpmkuna 19 - 3¢ E. Ho-moapo6Ho ce
QHATM3MPA CEM3MUYHOCTTA 33 TEPUTOpPHsITa Ha Bhirapust u mpuiekammure i 3emu (IoBede
ot 947 cemsmuunn cvOuTHs B paiion ¢ xoopmunata A= 22 - 2FE u ¢ =41° - 44.3N).
Ipemnara ce u KaTaJaoOT Ha 3eMeTpeceHusATa ¢ MarHuTyx M>2,5. CensMoreHHuTE MPOSIBY CE
00CHKIAT TI0 30HU, CPABHCHU ChC CHCEIAHU TICPUOH BpEMeE.
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