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Preliminary results of 3-D modeling of the earth crust in SW Bulgaria and some adjacent regions

Emil Botev, Tatiana Toteva

Geophysical Institute, BAS, Acad. G.Bonchev Str., bl.3, 1113 Sofia, Bulgaria

Abstract.  A three-dimensional velocity model of the earth’s crust obtained from the registration of local earthquakes on the territory of Southwestern Bulgaria and the adjacent lands is presented.  The picture of the velocity distribution shows a structural subequatorial distribution of the near surface lateral inhomogeneities which is preserved down to 20 km depth. A certain modification occurs at greater depths and the isolines are orientated mainly submerridionally at a level of 30 km. As a whole the low velocity zone at the near surface levels corresponds to the area with the highest seismic activity in the investigated region. The correlation between the configuration of the low velocity zones and the areas of high seismicity continues to a level of 20 km, where the great reduction of the seismic activity is observed.
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This paper presents a three-dimensional velocity model of the earth’s crust under the territory of Southwestern Bulgaria (Fig.1) and some adjacent lands (parts of East Macedonia and Northern Greece). The database was compiled by data obtained from the registration of local earthquakes. The use of travel time information from selected local earthquakes with unlimited in space hypocentral distribution allows to specify the depth velocity structure in this region where the data from explosion observations are insufficient. The recent seismological data in this region show well-defined clusters in the time distribution of the earthquake epicenters (Dineva et al., 1999). We selected data from 25 local earthquakes, recorded by 8 Greek, 6 Bulgarian and 2 Macedonian seismological stations,
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Fig.1. Epicentral map of the selected 25 local earthquakes, from 8 Greek, 6 Bulgarian and 2 Macedonian seismological stations for all clusters ([image: image2.wmf]-earthquake epicenter; [image: image3.wmf] - seismic station)
for all clusters (Fig. 1). The data are presented by Dineva and Mihailov (Dineva et al., 1999), who have made precise hypocentral determinations. The region of interest, whose seismicity is studied, is outlined by the inner rectangular. The results of our work were included in the 1998 annual report of the contract NoIC/543/95 with the Bulgarian Ministry of Sciences and Education. 
An inversion technique is used (Botev et al., 1996) for obtaining the velocity distribution of the P-waves from the given local sources in SW Bulgaria and its adjacent lands. In general, this is a well known algorithm of the solution of the 3-D cinematic linear inversion problem, assuming sufficiently small lateral velocity variations (Burmakov et al., 1984). The procedures of the corrections, averaging and normalization of the data, as well as the peculiarities of the inversion technique, ensure the successful solution of the problem in the least-squares sense, relatively insensitive to the errors in the input data. The following initial velocity model  (on the basis of that proposed by Botev et al., 1996) was used: 0 km depth - 5.6 km/s vp, 10 km - 6.0 km/s, 20 km - 6.3 km/s, 30 km - 6.8 km/s, 40 km - 8.0 km/s, 50 km - 8.1 km/s.

The results of data inversion are presented by six horizontal sections at depths of 5, 10, 15, 20, 25, 30 km (Fig.2…7). These figures show high gradient zones along the periphery of the extended region (as mentioned above the region of interest is marked by the inner rectangular). In accordance with the 
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Fig.2.   The map of data inversion, isolines at a depth of 5km.
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Fig.3.   The map of data inversion isolines, at a depth of 10km.
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Fig.4.   The map of data inversion isolines, at a depth of 15km.
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Fig.5.   The map of data inversion isolines, at a depth of 20km.
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Fig.6.   The map of data inversion isolines, at a depth of 25km.
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Fig.7.   The map of data inversion isolines, at a depth of 30km.

methodical approaches (Botev et al., 1988), these high gradients are   artificial peripheral effects. These unreal effects are confirmed by the estimation of the computed solution standard errors that are cardinal for the periphery of the studied region, in comparison with the central parts. Because of these unreal peripheral effects it was not possible to make any comment on eventual structural inhomogeneities with a similar configuration. The relatively big errors through the periphery of the inner rectangular (the region of interest) do not enable us to make a detailed correlative analysis  (the errors are two times less than the isoline step only in the central part of this region). This is the reason in this paper we just mark the most common confirmations of the results we received, regarding the configurations of the geophysical fields and the seismotectonics of the region of interest. 

Figs. 2,…,7 show a relatively smooth increase of the average velocities in depth, with a peak in the interval  of 20-25 km (in accordance with the initial velocity model). The results of the processing show that the velocity increase between the first few levels is about 0.15 km/s, which is comparable with the increase of the order of 0.12 km/s between the levels 25 km and 30 km depth. At the same time the difference between average velocities for the depths 20 km and 25 km is about 0.40 km/s. That is why we can assume, that the transition zone between the so called “granite” and “basalt” layers most probably is situated here.

The three-dimensional pictures of distribution of the velocities vp show that the deviations of mean velocities in horizontal direction are different for the different depth levels. The mean-square deviation of the velocity perturbations varies from minimum 0.165 km/s for 20 km depth levels up to a maximum of 0.399 km/s for the whole model (for all the depth levels).

The common analysis of the pictures of the velocity inhomogeneities shows, that the structural subequatorial distribution of the near surface lateral variations is preserved with the increase of depth down to 20 km, where a similarity in the configurations of the low and high velocity zones can still be observed. A certain modification occurs and increases at a greater depth and at a level of 30 km the isolines are orientated mainly submerridionally.

In comparison with the results of the heat flow measurements (Fig.8) it can be seen that the low velocity zones in the near surface layer have very similar characteristics as the isolines of high heat conductivity for the territory of Bulgaria. A parallel correlation is observed on the territory of Greece, but for significantly lower depths.

The picture of the velocity inhomogeneities at a 5 km depth level gives information about the structural behavior of the morphotectonic zones in depth. The established relatively subequatorial distribution of the velocity structure for 


Fig.8.   The map of the heat flow distribution according to Chermack and Ryback (1979) and Velinov and Bojadzhieva (1980)

5km and 10km depths is, at first sight, in contradiction with the distribution of predominating morphotectonic structures. However, this distribution gets a certain confirmation on the surface with well known cryptolineament tectonic systems (Bonchev, 1976). As a whole the low velocity zone at a 5 km level corresponds to the area with the highest seismic activity in the region under investigation (Dineva et al., 1999). The coincidence between the low velocity zone at a 10 km level and the seismoactive volume in depth, for Kroupnik earthquake source, is relatively good. The correlation between the configuration of the low velocity zones and the areas of high seismicity continues to a level of 20 km, where the great reduction of the seismic activity is observed (Dineva et al.,1999). A strongly changed configuration of the low velocity zones, beneath the transition layer at a 20-25 km depth, correlates with the part of the Serbo-Macedonian massif between Struma and Vardar valleys.

Topical Editor thanks S. Simeonova and B.Rangelov for their help in evaluating this paper.
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Предварителни резултати от тримерното моделиране на земната кора в Югозападна България и прилежащите земи.

Е.Ботев, Т.Тотева

Резюме.  В работата се представя тримерен скоростен модел на земната кора в Югозападна България и прилежащите земи получен по данни от регистрацията на локални земетресения. Картината на скоростните нееднородности показва известна субекваториална ориентация за приповърхностните слоеве, която се запазва приблизително до към 20 км дълбочина. Известна промяна се набелязва за по-голeми дълбочини и за около 30 км ориентацията на изолиниите е вече субмеридионална. Като цяло се наблюдава взаимовръзка между местоположенията на нискоскоростните зони в приповърхностните слоеве на земната кора и зоните на най-висока сеизмична активност. Корелация между тези зони се наблюдава максимум до 20 км дълбочина, откъдето сеизмичната активност започва рязко да затихва.
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