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Abstract. This study was provoked by a seismic activation in Central South Bulgaria, which started with a 4.2 magnitude event on the 5th of April 2002. The paper considers those seismic features of the 2002 earthquake sequence which alarmed the scientific community in Bulgaria. In order to elucidate the observed complex type of seismogenesis, the previous seismicity of the region of Activity-2002 has been examined searching for analogy. No similar earthquake series development has been found.
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1.  Introduction

In the early spring of 2002 a seismic activation in South Bulgaria worried those who felt the shocks and, not to a lesser extent, those who had not yet forgotten the 1999 devastation in neighboring Turkey. The region of activity-2002 is situated in Central South Bulgaria within a contact area between the Upper Thracian Lowland and the Rhodopean Mountain massif (Fig.1). In the close vicinity, the 1928 catastrophic earthquakes produced two coseismic ruptures, each of them spreading on several tens of kilometers over the Earth’s surface. This fact is a convincing  evidence of unfinished evolution of the region. It is a reason of being watchful every time when a seismogenic process develops there.
Some peculiarities of the 2002 earthquake series development and the seismic history of the region are the main topics of this investigation.

2.  The 2002 earthquake series and its development 

The moderate 4.2M earthquake, which on 5 April 2002 hit southern Bulgaria, frightened the inhabitants of Plovdiv, as well as the population of some other large and smaller settlements. The seismic oscillations coming from a depth of about 10 km caused some damages to buildings in few villages, all of them in the epicentral area. Partially falling chimneys, damages of roofs, small and somewhere open cracks mainly in the contacts of vulnerability class A buildings, gave evidence about intensity 6 EMS. During the first 24 hours about 20 smaller quakes were felt. Such a development of the series caused social alert in the epicentral area. 
From the seismological point of view, the importance of occurring of the 2002 earthquake sequence is not related to the influence on building stock. The reason for anxiety is the closeness of the 1928  epicentral area of a magnitude 7 earthquake. The most significant destruction, then caused, happened to be in the area Sadovo-Tchalukovi-Popovitsa, at a distance of no more than 15 km north-eastward from the region of the activity-2002. 
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Fig.1.  Area of activity-2002 extended to the aftershock window of Bulgaria (Christoskov and Lazarov, 1981): epicentre - magnitude distribution on the background of tectonic setting by Boncev et al. (1982) (Left) and cross-sections from the Earth surface inwards along the two main fault directions (Right); the 2002 seismic activity region (rectangle) and the 5 April 4.2M earthquake (star) are shown. 
The activation of 2002 was also in the space of the Maritsa fault system, however concentrated within a section of the northern flank of the Rhodopean Mountain massif (Fig.1) in the Krumovo area. The maximum release of energy was in a volume sized by 6.5 km east-west, 4.5 km north-south and 5 km along the vertical (depth interval between 8 and 13 km). The seismic sources of the series appeared in a very compact volume even considering the entire duration of the activity-2002. It is worth noting, that the Bulgarian aftershock window (Christoskov, Lazarov, 1981) for a magnitude 4.2 mainshock is too large to be matched with the considered case; it gives a seismogenic volume’s radius of about 30 km (see the epicentre-magnitude distribution in Fig.1). The stage of concentrated activation was closed in the initial 10-12 days. The second stage of Activity-2002 was characterized by a vague seismicity within the foregoing activated space (M max = 2.8 in this stage) and spreading of the seismic foci over adjacent areas, to a maximum distance of 15-20 km north-eastwards and M max = 2.5.

A special attention was paid to each variation of the seismic pattern during the time of the 2002 activation. We kept under observation the frequency of occurrence and the energy release. The continuous inspection on them clearly suggested a traditionally decreasing aftershock sequence during the first days (Fig.2, the top plot).  At that time, answering the common question “What is going on there?” was not problematic. 
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Fig.2.  The 2002 seismic activation in Central South Bulgaria: elastic energy release (top and mid-position band) and earthquake frequency (bottom) in the course of time; there are not any more events till the end of the aftershock window (Christoskov, Lazarov, 1981). 

Unexpectedly, around 15 days after the series had started it began resembling to a swarm, forming the second stage of Activity-2002. The weakest earthquakes of the activated area disappeared and the lower energy threshold moved up, towards a higher level. What went on happening were only events in a quite narrow magnitude interval around the value of 2.5 (Fig.2, the mid-position band). In this second stage, the frequency of events in the series shows almost the same time-distribution twice (Fig.2, plot at the bottom), two weeks after the starting moment of the series. After this uncommon transformation, it became difficult to predict the seismogenic process further development. The new circumstance was worth attention. 
3.  Seismic history of the region

In order to elucidate the observed complex type of seismogenesis, it became necessary to check for similar past phenomena in the same area. Although the area, where the M4.2 earthquake and its aftershocks occurred, is located near seismically active zones of the Upper Thracian Lowland and had experienced serious damages from earthquakes far back in time, at present it is not known as an active one. 

Since 1980, more dense coverage by instrumental sensors has being developed in Bulgaria, achieving in such a way the earthquake monitoring improvement. The observation material for this period shows the following features (Fig.3): 
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Fig.3.  Earthquakes in the study region since 1980 till the activation-2002: the most active space in 2002 is outlined by a rectangle, the strongest 2002 event is marked by the star.

/i/ one only single earthquake of the same size (magnitude 4.3 and 6 micro-events after, in one week time) occurred at a distance of 35 km to the NNE, and /ii/ the strongest earthquakes (magnitudes between 3 and 3.5) in the area of future activity-2002 were two single events (in 1981, 1982) and other one with a subsequent series (in 1989), two of them originated in the same depth interval that was activated in 2002. None of these maximal events showed seismogenesis similar to the Activity-2002. 
For the time before 1980, the earthquake archives and existing catalogues have been applied for receiving more knowledge on previous seismicity of the region under study. It was just an occasion to make an inventory of the documentation and to reassess as many as possible earlier earthquakes. The work on previous seismicity of central southern Bulgaria was divided into several parts depending on the “epoch” of earthquake recording and, consequently, according to the efforts required to go ahead. According to such a consideration, three groups of catalogue solutions were formed.
The first group refers to the time prior to the Bulgarian Seismological Survey establishment. The information sources are: the seismological compilation by Staikof (1930), newspapers’ findings published in (Watzof, 1902), the eyewitness’ report by John Galt (1812 / 1987) and the macroseismic bulletin by Mihailovic (1932). The revised catalogue set consists of 14 solutions, five of the earthquakes being not single shocks (Table 1). For the sake of comparison with the last Bulgarian catalogue by Grigorova et al. (1978), the new catalogue set (1) corresponds to the initial information more precisely giving the site intensity and geographic coordinates of the report’s locality (the first 9 items in Table 1), without fabricating any epicenter; (2) indicates the availability of accompanying shocks (in Remarks); (3) contains four entries based on additional intensity dataset (the differences with the previous solutions by Babachkova and Rizhikova (1993) are briefly motivated in the table); (4) clarifies that a short earthquake series in 1880 is likely to have been realized within the space of Activity-2002. This study’s outcome and the solutions according to Grigorova et al. (1978) for the time prior to 1892 can be juxtaposed in Fig.4, plots II and I.
The second group of solutions corresponds to the period of great enthusiasm, set in after founding the seismological survey in Bulgaria. Precise and detailed primary documentation, collected in the annual reports of the Central Meteorological Service - Sofia (Watzof, 1902-1923; Kirov, 1931), covers the time span 1892-1928, March. The catalogue entries by (Grigorova et al., 1978), compiled on the basis of this particular material, are shown in Fig.4, plot III. Recently, a fresh interpretation (Glavcheva et al., 2000) was made based on the above mentioned annual reports supplemented with information from the local media (newspapers “Borba” and “Yug”) and those pieces supplied by the Mihailovic’s macroseismic bulletin (1932). When composing the catalogue the authors paid special attention to the observation network quality. A good coverage of the region under investigation is determined, so that the final conclusion is indisputable: there were no earthquake series either within the area of Activity-2002 or in its vicinity that concern the time interval 1892-1928, March. This is obvious in Fig.4, plot IV (Activity-2002 area is marked by a rectangle). 
In April 1928 a devastating earthquake sequence began in South Bulgaria and the manner of macroseismic data presentation was changed towards macroseismic bulletins without descriptions. Taking into account that the macroseismic archive is not completely preserved any attempt to make a re-interpretation of a satisfying quality is doomed to failure. Thus, the only root for the time-span 1928-1977 remains the catalogue by Grigorova et al. (1978), based mainly on intensity data extracted from bulletins or macroseismic maps (note that the instrumental effectiveness during this period is variable). Actually, this catalogue entries form the third group of solutions. In this group there are no events which may be assigned to the space of Activity-2002 (Fig. 4, plot V). 
Summarizing, there is no information about previous earthquakes of a magnitude 4 - 4.5 and epicentral intensity 6/7 in the area of Activity-2002. The only exception (not absolutely clarified) is the realization of a series in 1880 on which occasion only three shocks have been documented. No series with similar development has been found in the same area, too.
Table 1.  Earthquakes prior to the Seismological Survey establishment. Abbreviations as follows: Ds = data source (SD = Staikof (1930), WS02 = Watsof (1902), JMih = Mihailovic (1932)), InS = Initial Source cited in Ds (NP / NPs = newspaper, -s; HID = hidden, i.e. unknown); Ax = area of maximum impact or of the report’s site; Nmo = number of macro-seismic observations; Ix = maximum observed intensity (5/7 = 5 to 7 degree); Ep = epicenter; BAR93 = Babachkova and Rizhikova (1993). The values in brackets are uncertain.

	This study solutions
	Previous solutions

	 Date             Time
	Ds
	InS
	Ax
	Nmo
	Ix

EMS
	Coordinates
	Remarks
	Crigorova et al., 1978
	BAR93

	Ye   Mo Da  Ho Mi


	
	
	
	
	
	    oN        oE focal depth,km
	
	available 
	availability

	1750 10  
	SD
	NPs
	Plovdiv-Maritsa
	1 + area

around
	(9)
	42.1    24.8
	more information necessary
	Yes
	No

	1811 01 18/19
	Galt
	Eye-witness
	Plovdiv
	1 + area
	6
	42.15  24.75
	two years former activity ;

Date by O.St.
	No
	No

	1855 04 03
	SD
	Verollot
	Plovdiv
	1
	5/7
	42.15  24.75
	“several strong shocks”
	2 events
	No

	1858 09 10
	SD
	Perrey
	Plovdiv
	1
	4
	42.15  24.75
	
	Yes
	No

	1859 06 15
	SD
	Perrey
	Plovdiv
	1 + area
	6
	42.15  24.75
	
	Yes
	No

	1859 07 25
	SD
	Perrey
	Plovdiv
	1
	7
	42.15  24.75
	“quite a lot of damages”
	Yes
	No

	1861 01 09   21 55
	SD
	Ritter
	Plovdiv
	1
	(5
	42.15  24.75
	
	Yes
	No

	1862 01 09   21 55
	SD
	Ritter
	Plovdiv
	1
	(5
	42.15  24.75
	“three shocks”
	2 events
	No

	1863 09 

beginning of Sept.
	SD
	Perrey
	Rhodopes-Balkan
	1 + area
	5/7
	Аrea

(42.2 25.0)
	“strong and frequent shocks”
	2 events
	No

	1880 12 22
	SD
	Fuchs
	Plovdiv- Assenovgrad-Rhodopes
	2 + area


	6/7
	Area

 (42.0 24.9)
	Two more shocks

They occurred in Activity-2002 area most likely
	1 event;

Ep differs
	No

	1882 06 10   01 15
	WS02

JMih
	NP

HID
	Plovdiv
	12
	6
	42.15  24.70

h=8
	isoseismal map available

M=4.2      [r(4-5)=21]
	Ep differs
	42.2, 24.7, h=15

Io=6MSK; M=4.5

	1884 12 09   13
	WS02

JMih
	NP

HID
	Plovdiv
	8
	4
	42.20  24.75

h=9-14
	isoseismal map available

M=2.8-3.1  [r3=16]
	Ep differs
	42.2, 24.7, h=12

Io=4; M=3.2

	1890 05 10   10 05
	WS02

JMih
	NP

HID
	Plovdiv
	11
	6
	42.25   24.80

h=15
	isoseismal map available

M=4.5      [r(4-5)=28]
	Ep differs
	42.2, 25,  h=10

Io=6; M=4.5

	1891 06 27   04
	WS02

JMih
	NPs

HID
	Plovdiv
	10
	5
	42.25    24.80

h=10-15
	isoseismal map available

M=4.1      [r4=25]
	No
	42.2, 24.9, h=10

Io=4-5; M=3.5


	
	
	
	
	

	
	
	
	
	

	Prior to 1892
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Fig.4  Past seismicity of Central South Bulgaria: prior to the Seismological Survey establishment according to Grigorova et al., 1978 (plot I) and this study interpretation (plot II, see also table I); until the 1928 catastrophic earthquakes according to Grigorova et al., 1978  (plot III) and Glavcheva et al., 2000 (plot IV), the latter plot evidences a good coverage of the Activity-2002 area by observation spots (full squares); 1928 - 1977 according to Grigorova et al., 1978 (plot V). 
4. Conclusions
The recently developed seismic activation in the Krumovo area, Central South Bulgaria, is analyzed. The most important result is that the seismic activation was complex, being compiled by (1) a main shock – aftershock sequence of a simple decreasing type which lasted two weeks, and (2) two swarms of events with magnitudes about 2.5 occurred in the following intervals (2a) from the 14th to 22nd day, and (2b) from the 33rd to 40th day after the activation started.
In order to elucidate the observed complex type of seismogenesis, the previous seismicity of the region of Activity-2002 has been examined searching for analogy. Earthquake series with similar development has not been found therein. The results of our study show that the investigated Krumovo case is unique. Thanks to the efforts to the seismicity reappraisal, however, the knowledge on former seismicity in Central South Bulgaria has been enhanced.
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Активизация през 2002 г. в района на Крумово, Южна България, и свързани с нея проблеми

 Р. Главчева, С. Димитрова и И. Цончева

Резюме.  Това проучване е провокирано от сеизмична активизация в Централна Южна България, която започна на 5 април 2002 година със събитие с магнитуд 4.2. Статията третира онези сеизмични белези на земетръсната поредица от 2002 г., които заостриха вниманието на научната общественост в България. С цел да се осветли наблюдаваният сложен характер на сеизмогенезиса е потърсена аналогия в предходната сеизмичност на областта на активизация – 2002. Не е намерено подобно развитие на земетръсна серия в миналото.
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