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Abstract: An earthquake with magnitude ¥5.8 Mw=5.6) and epicentral intensity
lo= 8 MSK64 occurred in the vicinity of the city o&mik (SW Bulgaria) on 22nd of
May 2012. The earthquake was followed by intenaiftershock activity. In the study
the fault plane solutions for 20 earthquakes (tr@nnshock and 19 aftershocks)
registered by the national seismological networkBafigaria are presented. The
orientations of the fault plane solutions and spatistribution of the aftershocks
coincide with the NW-SE trend of Pernik-Belchin [auAdditionally, basic
geodynamic analysis is performed.
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Introduction

An earthquake of moment magnitude 5&8 MSK64) hit the Sofia seismic zone
(SW Bulgaria) on May 22nd, 2012. The earthquaKedated in the vicinity of the city of
Pernik (epicenter coordinates 23.00° E and 42.58AdN9 km depthat about 25 km south-
west of the city of Sofia. The earthquake was lgrdelt on the territory of Bulgaria and
neighbor countries: northern Greece, FYROM, easBarbia and southern Romania. No
casualties and severe injuries have been repohtedierate to heavy damages were
observed in the cities of Pernik, Radomir and Safid their surroundings. During the"20
century the strongest event occurred in the vigioit Sofia was the 1917 earthquake of
Ms=5.3 and §=7-8 MSK64 (Grigorova et al., 1979). The earthqualeeised a lot of
damages in the town and changed the capacity ahtrenal mineral springs in Sofia and
surroundings. The earthquake was felt in an are&0000 km and was followed by
aftershocks, which lasted more than a year.

Fourteen days after the 2012 earthquake more tHeh atershocks were
registered, most of them are microearthquakes (M<(Botev et al., 2013a). The modern
digital network allowed providing reliable detectjdast location and precise determination
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of the earthquake parameters. The spatial distoibubf the aftershock epicenters is
presented in Fig.1, and coincides with the NW-&drof Pernik-Belchin fault (identified
by Karagjuleva et al., 1973).

Earthstar Geographics, CNES/Airbus DS

Fig. 1. Epicentral distribution of the events along PlefBelchin fault line (Natural Earth - Free
vector and raster map data@naturalearthdata.com)

In the study new results of the present statere§stfield in southwestern Bulgaria
are obtained based on evaluation of 20 earthquata fmechanisms. The results confirm
the recent seimotectomic models for southern Bidgaan Eck and Stoyanov, 1996).

Method and input data

The fault-plane orientations and slip directions edrthquakes can provide
important information about fault structure at depind the stress field in which the
earthquakes occur. The source of a small earthgadkpically approximated by a double-
couple point source, or focal mechanism, derivemmfrobserved P-wave first-motion
polarities. A focal mechanism represents two ortimag nodal planes that divide a
reference sphere around the source into four quegiréhe first motion in two of them
should be away from the source (cause compresson),n the other two quadrants the
first motion should be toward the source (causatation). First-motion-polarities are
observed at seismic stations, and the positioferidcal sphere for each observation is the
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azimuth and take-off angle at which the ray leafessource, is computed for an assumed
hypocenter location and seismic-velocity model @oet al., 1996). The computing
program for determining the parameters of the Seisswents is an adaptation of the
widespread product HYPO'71 (Solakov, 1993). A faoalchanism can then be found that
best fits the first-motion observations.

For the determination of the earthquake focal meishas the program FOCMEC
is used (Snoke, 2009). Input data are the polaridfehe P wave (the number of input data
is in the range 9 — 49), azimuth and take-off arsglevhich the ray leaves the earthquake
source. Output data are all possible orthogonahhpléines that separate the compressional
and dilatational first motions.

Results

Fault plane solutions for the main earthquake éhdfiershocks with MI> 3 are
shown in Fig. 2 and their parameters are presentéihble 1. For the purposes of the
present study, all the available focal mechanisnesewcollected, checked, tested and
recalculated according to the definitions by AkdaRichards (1980) and to the procedure
described by Christoskov (2007). All polarities werhecked as waveforms (data from
NOTSSI and ORFEUS database - ftp://www.orfeus-gpoib/data/continuous/2012/), the
strike, dip and rake are determined by FOCMEC sain(Snoke, 2009) with accuracy up
to 10 degrees and the solutions are displayedanaritiemisphere projections.

As it is seen in Fig. 2 and Table 1 for all focaéeghanisms the average strike of
one of the nodal planes is 311° NW-SE. That predaminodal plane can be accepted as
the main fault in this zone and it has the same SEVerientation as the Pernik-Belchin
fault with average dipping 50°. If the chosen ngulahe of focal mechanisms is the main,
then it is clear that the faulting is typical righteral (Kasahara, 1978). The foot-wall block
is on the right side of line Pernik-Belchin — G@ardo and the hanging-wall block is on
the left side - Pernik graben.

All earthquakes are characterized as a normal -tégétal faulting with small
strike-slip component, except earthquake’, which is thrust faulting with small strike-slip
component and earthquake 16 is clear strike-slip motion. Position of ev@at7 is at the
end of the Pernik-Belchin fault line and it is thest NW earthquake with determined
herein focal mechanism.
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Fig.2 Fault plane solutions of the 2012 MW = 5.6 Perdkthquake and aftershocks (modified from
Ivanov et al., 2008)

Fault plane solutions for the main earthquake ofAp2il 2012 with magnitude
Mw=5.6 were obtained by forty-nine first motion pdties. The determined by the author
focal mechanism is compared with other known sohgi shown in Fig. 3 and their
parameters are presented in Table 2. The smadirdiites in the solutions determined by
World networks are due to the use of different m@svelocity models, number of first
motion polarities, as well as the azimuthal locatimf the seismic stations around the
earthquake epicenter. According to the focal meisinarparameters, the earthquake is
characterized as jerk normal fault movement witlalsistrike-slip component, the faulting
takes place along a hidden fault plane, causedxignsional regional tectonic stresses
(Botev et al., 2013b).
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Fig.3 Fault plane solutions of the 2012 MW = 5.6 Peakthquake by NOTSSI and European-
Mediterranean Seismological Centre (http://www.eitsem.org). World networks: NIGGG -
National Institute of Geophysics, Geodesy and Gautyy, Bulgarian Academy of Sciences, Sofia,
Bulgaria; CPP - Cal Poly Pomona University, Catifar United States of America; HARV - Harvard
Seismology Group, Harvard University, CambridgeitethStates of America; USGS - National
Earthquake Information Center, United States of Avag NOA - National Observatory of Athens,
Greece; GFZ - Seismological Data Center, Potsdammény.
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Tablel. Parameters of the nodal planes for the main evahtéiershocks. Date is given in year,
month, day, origin time in hours:minutes, locatisigiven as latitude (Lat N°) and longitude (Long
E°) in degrees, event depth in kilometers (km)almsagnitude (ML) is the Bulgarian magnitude. The
two fault planes are specified with their azimu#ii (2), dip (D1, 2) and rake (R1, 2) in degreeg Th
focal mechanism principal axis of pressure (P)sitam(T) and the null axis (B) are also specifigd b
azimuth (az) and dip-plunge (pl) in degrees.

Date Origin| Lat [ Long| h M, S1 |D1|R1|S2 | D2|R2 |Paz Ppl| TazlTp| Baz|Bp
time | NO | EC km (%1 | [°7 J0°7 |[°1 (o1 (o1 | (o) [°1) (o3 0eq) o1 [
12052200:00 | 42.58 23.00| 9 |5.8|349| 38 [-36[L0¢| 69 | -122 337 54| 223 15 125 30
12052200:04 | 42.58 22.97| 8 |3.9|312| 36 |-54(90 | 62 | -113 311 63| 193 9| 103 20
12052200:16 | 42.56 23.09(13|3.0|279| 46 |-73|75| 46 | -1071 26§ 75| 178 0| 89| 11|
12052200:43 | 42.58 23.05/10|3.4|334| 45 |0 P24]| 90 | 135294 30| 18760 63| 45
12052201:30| 42.58 23.01| 9 |4.4/316| 23 |-41|85| 75 | -1071 324 56| 190 30 91| 15
12052201:34 | 42.53 23.09(10|3.0|244| 55 |-66(26 | 42 | -120 204 68| 320 1| 47| 20
12052202:11 | 42.6Q 22.97(12|3.0|126| 69 |66 B57| 31 | 131233 7 | 359 60 136 22|
12052202:13 | 42.57 23.05| 5 |4.1|289| 43 |-24(37 | 74 | -131 263 45| 156/ 31| 52| 38|
12052204:09 | 42.57 23.04| 2 |3.2|345| 48 |-31(97 | 67 | -133 320 48| 217/ 10 119 38|
10[12052204:29| 42.58 23.08|15|3.1|318| 61 |-56|83 | 44 | -135 276 58| 25| 7| 120| 30
11/12052217:07 | 42.58 23.03|15|3.3|336| 60 |-35|85 | 60 | -144 288 42| 209 2| 119 45
12/12052310:57 | 42.54 23.11|11|3.0|{319| 43 |-82[12¢| 47 | -98 33Q 84| 223 0| 133 5
13/12052311:41| 42.56 23.02| 2 |3.1{186| 11 |-63B3¢| 80| -95 242 59| 70|36 338 5
14/12052321:59| 42.56 23.10|10|3.7|312| 63 |-62|82 | 38 | -132 267 62| 29|10 118 23
15/12052905:36| 42.58 23.07| 7 |3.4|301| 34 |-58|83 | 62 | -110 313 66| 188 11 94| 16
16/12052907:23| 42.56 23.03| 6 |3.8/337| 78 |-3 | 68| 87 | -168 299 10| 198 8| 80| 77
17/12061604:51| 42.57 23.07|10|3.0|324| 74 |-45|69 | 47 | -158 278 43| 23| 15 130| 43
18/12071412:52| 42.57 23.06| 8 |4.3| 78 | 83|-40L74| 50 | -17Q 29| 32| 130 20 250/ 49
19/12073100:10| 42.54 23.10| 7 |3.3|306| 36 |-54|84 | 62 | -113 313 67| 188 10 95| 19
20/12081602:11| 42.57 23.06/10|3.0{331| 58 |-49|92 | 50 | -136 297 50| 34| 2| 126| 33

z

© [0 ([N ]| |0~ |jw [N |-

Table2. Parameters of the nodal planes for the main e22md of May 2012, origin time 00:00
GMT. The symbols are same as in Table 1, exceptenbmagnitude (\) and World networks are
the same as Fig. 3.

Lat | Long|H S1 | D1| R1 |S2| D2l R2 |Paz|Ppl|Taz| Tpl | Baz |Bpl
Network ml MW o o o o o o o o o o o o
NO | ED km LU e e o1 jrerperpererge e
NIGGG | 42.58 23.00{9 |5.6| 349| 38| -36 |109| 69|-122 | 337 54 | 223| 15 | 125| 30
CPP 42.70 23.00[9 |5.7| 288| 22|-132|152| 74| -75 | 83| 58| 230 27 | 328| 15
HARV | 42,59 23.00/12 | 5.6/ 316| 32| -70|113| 61|-102 | 359 72 | 211| 15| 119 10
USGS 42.68 23.02|12 | 5.5 292| 41| -104{130| 50| -78 | 95| 79| 212 4 | 302| 9
NOA 42.6Q 23.06|10 | 5.6 296| 36| -102(131| 54| -81

GFZ 42.67 23.01]16 | 5.6 310 37| -80|119| 54| -96 | 1 | 80| 213 8 | 123| 5
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Regional stressfield

Fig.4 displays the horizontal projections of theliiidual P (pressure) and T
(tension) axes of all twenty earthquake focal matdrmas. The projections of compression
(P-axis) are predominantly of NW-SE orientation aré significantly smaller than the
axes of extension (T-axis) in NE-SW. The plungePedixes varies in the range 10°-84°,
about 51° in average, and the plunge of T-axes eédominant sub-horizontal orientation
(0° -60°), about 15° in average. The above paitaticates for extensional stress field in
the studied area.
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Fig.4 Horizontal projections of the individual P and Xea of the 2012 MW = 5.6 Pernik earthquake
and aftershocks focal mechanisms (The Generic Migppools - http://gmt.soest.hawaii.edu/home,
the tectonic map is compiled after Barrier et2004 and Georgiev et al., 2007). The stars mark the
location of the cities of Sofia and Pernik.

Conclusion

The main result from the focal mechanism deternonatnd the stress orientation
analysis shows the prevailing of a normal or extera stress regime in the studied region.
Generally, the tension axes are sub-horizontaloitdE-SW orientation.

The observed sub-horizontal uppercut extensionegstwith predominant NE-SW
trend of the T-axes is consistent with the geneeald of the regional extensional field on
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the territory of Bulgaria (e.g., Protopopova et 2013). This stress field corresponds to
that found in southern Bulgaria (presented by Vahk &d Stoyanov, 1996) and confirms
the hypothesis that the neotectonic movements itkaBaPeninsula region are the
consequence of the long lasting extensional mové&snarthe inner parts of the Aegean and
Central Balkan regions.
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OmnpenesisiHe Ha MeXaHH3MHUTe Ha 3eMeTpeceHneTo Kpaii rpax Ilepunk M,y 5.6 mpe3
2012 roauna (ceBepo3ananna bbarapus) u no-cuiHuTe adTHPUIOLH

B.IIporononosa

Pesrome: 3emerpecenue ¢ marauTya M =5.8 Mw=5.6)u enuneHTpaiHa HHTEH3UBHOCT |o=
8 MSK64 ce ciyun B Gimsoct 1o rpax Ilepauk (ceBeposananna beirapus) Ha 22pu Maii
2012 r. 3eMeTpeceHHETO € IMOCIEOBAHO OT WHTCH3MBHAa a(ThHPIIOKOBA aKTHBHOCT. B
Hay4JHaTa MyOnuKanus ca npencrapenn 20 onpenesneHn GoKaTHN MexaHu3Ma (TIABHHUST W
19 adpTepiioka) perucTpupanu ot HalmoHaaHaTa CeM3MOJIOTHYHA Mpeka. OpHeHTarusTa
Ha (pokalHHe PaBHUHU HA ONPECICHUTE MEXaHU3MH U MPOCTPAHCTBEHOTO pasmpe/ieiicHue
Ha aTHPUIOIMTE CHBIA/A ChC CEBEPO3aIaJHO-IOTOM3TOUYHOTO HAIMpAaBJICHHE Ha pa3joma
Iepuuk-bemyann. Chio Taka e MpeJcTaBeH OCHOBEH I'€0JHHAMHUYCH aHAIIN3.
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