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Geodynamic study in the region south of Sofia by GPS
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Introduction

The region south of the Sofia complex graben repre-
sents a complicated tectonic node formed by the in-
tersection of several recently active fault structures
(Shanov et al., 1998). Its principal direction coin-
cides with the primary neotectonic proto-fracture of
general trend N115-120° limiting and separating the
listric prisms originating from the northern and the
southern borders of the graben. The main fault struc-
tures are the Vitosha, Back-Vitosha, Lozen and
Zheleznitsa faults. Concentration of the recent seis-
mic activity is observed mainly in the south-south-
east and north parts of the graben as a result of geo-
dynamic processes (Botev et al., 1991-2004). The geo-
detic investigations in the area were started in the
70-ies of the last century and were carried out main-
ly in the region of the so-called Pancharevo node
(ITerpos, 1985; Totomanov et al., 1987; IumMuTpos,
1993). The new satellite geodetic technologies and
especially the Global Positioning System (GPS) pro-
vide the possibility of obtaining new quantitative as-
sessments for the contemporary crustal movements.

The new results have been obtained on the basis
of the analysis of geodetic measurements together
with data from geological investigations. A local GPS
network is being established in 1999, which is expand-
ed to the west with time and is periodically measured.
The results of the combined analysis of the geodetic
measurements of 6 GPS campaigns performed from
1999 till 2005 confirm the activity of the Vitosha and
Lozen fault as proven by geological data.

Results from previous geodetic
investigations

Since 1982 the Central Laboratory of Geodesy and
the Military Topographic Survey have started geo-
detic investigations in the Pancharevo-Bistritsa re-
gion (ITetpos, 1985; Totomanov et al., 1986, 1987).
The first analysis of the triangulation measurements
and the computed deformation parameters by the
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method of mean strain tensors were presented in
(Credanos, 1993). The author reported that the hor-
izontal movements of the points are about 10 cm
and their directions show a tendency of predomi-
nantly strain compression for the whole network.

Dimitrov and Ivanov (dumutpos, UBaros, 1997)
determined horizontal movements and tectonic
strains. The analysis of the results shows that there is
clear tendency of strain compression with approxi-
mate orientation N25°. The authors determined three
zones of compression: between the Vitosha and Pla-
na Mountain confirmed to uplift movements of the
Bistritsa Neogene basin over the Plana intrusive;
between the Plana and Lozenska Mountains in con-
firmation of south dipping of the Iskar-Yavorets fault,
and between the Vitosha and Lozenska Mts. along
the Iskar fault zone in confirmation of northeast
uplift with dip about 45° to the northwest, observed
in the area of the Kokalyane Hydro-Power Plant near
the Pancharevo village. The strain pattern along the
length of the studied area marks zones of predomi-
nant compression from west to east. Along the Vito-
sha and Lozen faults a process of recent extension
has been found out. During the period 1982-1991
Dimitrov and Ivanov (Jumutpos, ViBanos, 1997)
ascertained that the deformation processes were ir-
regular, being most active in the period 1982-1988.
The authors concluded that the Vitosha, Lozen and
Zheleznitsa faults, and the Iskar dislocation were
“symptomatically” active.

A vertical network around the Pancharevo fault
junction was established in 1982 (Totomanov et al.,
1986, 1987). The determination of the vertical de-
formations was done by repeated precise leveling
covering the time span 1982-1991 (Totomanov et al.,
1986, 1987; Aumutpos, 1993; dumutpos, CTOSHOB,
1997; Lleuxos, ' pebennuapcku, 1998). The 10-year
monitoring shows activity of the Vitosha fault. It is
expressed in relative uplift of the Vitosha structure
and downward movement of the Sofia graben. No
vertical movements are found out along the Zhe-
leznitsa fault and the Iskar fault zone.



Preliminary results, from GPS measurements in
1999, 2002, and 2003, show recent activity of the
Lozen and Vitosha faults, as well of the Iskar fault
zone (Dimitrov et al., 2001; Pashova et al., 2002).

In Kotzev et al., (2005) analysis of 37 GPS sites
located in central west Bulgaria is presented. The
main conclusions made by the authors confirm the
recent dominated north-south extensions at a rate of
1-2 mm/yr. Because of the comparatively sparse GPS
network and short time span of observations the au-
thors do not present results about the recent activity
of the main tectonic structures. They found out non-
uniformly distributed deformations and poorly de-
fined local zones of compression and extension.

Results from previous geodetic studies concern a
local region south of Sofia. The data from leveling
measurements could not verify the geological con-
cept for the Sofia depression with a general trend of
continuing subsidence of the graben. Because the
region is too small and the results obtained from the
classical measurements (Ctedanos, 1993; JTumut-
poB, MiBanos, 1997) were with insufficient accuracy
and consistency, the geological hypothesis for re-
cent extension in N-S direction (Shanov et al, 1998)
could not be confirmed, too. That was the reason for
establishing the GPS network in 1999. The network
covers the main tectonic structures in this region
especially in the southern and western part of the
graben.

GPS network, processing and analysis
of data

The first configuration of the local GPS network,
established in 1999, consisted of 4 points. The three
points Bistritza (BIST), Gradishte (GRAD) and Loz-
en (LOZ2), along with the geodetic observatory “Pla-
na” (PLA1) and the IGS permanent station SOFI
are measured each year from 1999 to 2005 (fig. 1). A
few points were added to extend the network in the
successive years to obtain better coverage of the tec-
tonic structures in the region. In the period 2004/
2005, by GPS measurements of 6 points, a connec-
tion was established between the local network and
the regional research network in Southwest Bulgaria
(Georgiev et al., 2006).

All GPS campaigns were processed with the state
of art GPS processing software Bernese, version 5.0.
Details about the GPS processing strategy can be
found in Geodesy 18 (Georgiev et al., 2006). All ve-
locities are relative to Eurasia and their values are
plotted in fig. 1. No velocities were calculated for
points REDU, SOF2 and KOPI because of the short
observation period between the GPS campaigns.

Conclusions

Summarizing the geodetic investigations carried out
so far, as well as the newly obtained results, the fol-
lowing conclusion can be drown:

— According to the obtained horizontal veloci-
ties of the points by the GPS data, two zones with
different intensity of the horizontal movements may
be distinguished in the studied region. In the first
zone — northwest of the Zheleznitsa fault and south-
west of the Vitosha fault, which comprises mainly
the Vitosha pluton, the horizontal velocities of the
points are within ~ 1 mm/yr higher than the point
velocities in the rest of the area;

— The horizontal velocities of the two points —
Plana and Lozen, situated on two different tectonic
structures, on the Plana and Lozen horst respective-
ly, exhibit homogeneous movement in southern di-
rection. However, according to the map of the verti-
cal movements, a subsidence of the eastern board of
the Iskar fault zone and the northern board of the
Lozen fault is observed. On the basis of the analysis
of the map for the vertical velocities (Belijashki, per-
sonal communications), it may be concluded that
the region northeast of the Vitosha fault and the
Iskar-Yavorets fault zone subsides at a higher rate of
~ 1-2 mm/yr, while the Plana pluton subsides with
lower rate of ~ 1 mm/yr. Subsidence of the northern
board of the Lozen fault has been established too;

— Over-thrusting of the Vitosha pluton upon the
Plana one is observed along the Zheleznitsa fault.
This conclusion is confirmed also by the obtained
results for the compressive stresses between the Vito-
sha and Plana horsts by Stefanov (Ctedanos, 1993)
and Dimitrov and Ivanov (Jumutpos, BaHOB,
1997);

— Comparing the obtained results for the hori-
zontal movements in Southwestern Bulgaria (Geor-
giev et al., 2006) with the obtained velocities of the
points to the south of Sofia, gradual increase of the
velocities are established from the north to the south.
This is evident also from the direct comparison of
the velocities of PLA1 and LOZ2 with these of SAPA
and MALA (fig. 1).

— The mechanisms of the two seismic events (fig. 1)
in 1995 and 2006, which might be referred to the
Vitosha and Zheleznitsa faults respectively, confirm
the established by the geodetic measurements char-
acter of the tectonic movements. The earthquake
mechanism on 14. 12. 1995 shows dip-slip normal
faulting along the Vitosha fault. The earthquake
mechanism on 27. 04. 2006 has to be accepted with
the condition that data from restricted number of
seismic stations have been used (Botev, personal com-
munications). Regardless of this, it is evident that
the movement in the region of the Bistritsa village
was realized along the Zheleznitsa fault. This move-
ment is of the thrust type and the mechanism con-
firms the compression.

The basic conclusion that could be drawn is that
the geodetic data are in agreement with the geolog-
ical hypothesis for the recent activity of the Vitosha,
Zheleznitsa and Lozen faults. The slow movements
of the Earth’s crust could be related with the con-
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Fig. 1. Horizontal velocities of GPS sites relative to Eurasia

temporary tectonic processes. The determination of
the velocities of the points Reduta, Sofia-2 and Ko-
pitoto will provide valuable estimates of the move-
ments along the Vitosha fault and the southern part
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I eoquHaMUYHO U3cJeaABaHe B pailoHa 10:KHO OT rp. Codus ¢ GPS

Hean I'eopzues'!, Jumumaosp Jumumpoe!, JTooka Ilawoea', Mas Haueea',

Cmegan Hlanoe?, I'nbpuea Hukonos?

Pe3iome. IIpencraBenu ca OCHOBHUTE pe3yJITaTU OT
obOpaboTkata u aHanmm3a Ha 6 kamnanuu GPS uz-
MEpPBAHUS Ha reOAUHAMHUYHA MPEXKa B paliloHa F0XKHO
ot rp. Codus 3a mepuoga 1999—2005 roguna. On-
peneneHu ca ckopoctute Ha Toukute ot GPS Mmpe-
KaTa crpsMo ctabuiHaTa yacT Ha EBpoasmarcka-
Ta TEKTOHCKa IIJIO4Ya. HOHy‘leHI/ITC XOPU3OHTAJTHU

CKOPOCTH Ca aHAJU3WPAHA CHbBMECTHO C HaJIMYHA-
Ta reoyiokka mHpopmamnus. Pesyararure mo-
TBBPXKIABAT CbBPEMEHHATA aKTUBHOCT Ha BuToIi-
kust ¥ JKeIe3HHUIIKUs pa3ioMH, KOSTO Ce IPOsSBSIBA
B IOCTOSIHHATA CJ1a0a CEU3MUYHOCT U OABHUTE TEK-
TOHCKH JBUKEHHS, YCTAHOBEHH 10 €0 E3UIECKUTE
IaHHM.
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