
GEOLOGICA BALCANICA, 32. 1, Sofia, Mart. 2002, p. 31-41 

Combined geodetic and tectonic study 
of the region southeast of Sofia 

Lyubka Pashova1
, Rossen Grebenitcharski1

, Ivan Georgiev1
, Gabriel Nikolov2 

1 Central La bora tor)' of Geodesy, Bulgarian Academy of Sciences, 1113 Sofia 
1 Geologica/Institute, Bulgarian Academy of Sciences, 1113 Sofia 

(submitted: 1.11.2000; accepted: 3.11.2000; revised version received: 21 .06.2001) 

flmuoaa. fl., Tpe6eHU'WPCKU, P .. Teopzuee. 11 .. HuKOJIOB. r 
- Ko,HnfleKCHOe zeooe3U'IeCKO - meKmOHU'IeCKOe UCCJ/eooea
IIUe pmio1ta. 1ozo-eocmo'IHee om zopooa Coc/Juu. CTaTb~ 
npencTasn~er HccnenosaHHe cospeMeHHOM reOllHHaMH'-!ec
Koi:t o6cTaHOBKH pai:toHa, IOro-socTO'-!Hee OT ropona CoqJHH. 
TeppHTOp~ BKJUO'-!aeT J.1xTHMaHCKHH rpa6eH 11 '-!aCTb Co
qmi:tcKoro KOMnneKCHOrO rpa6eHa- paHOHa C BbiCOKOM KOH
UeHTpauHeM cna6oi:f CeHCMH'-IHOCTH. J.1ccnellOBaHHe KOM6H
H11pyeT aHanl13 reone311'-!eCKI1X 113MepeHI1M (GPS 11 npeU113-
Ha~ HI1Befl~UH~) BMeCTe C reonOrl1'-leCKI1MI1 11 CeM3MOflOrl1-
'ieCKI1MI1llaHHbiMI1. Dony'ieHHble pe3yJibTaTbl nOKa3bJBaiOT, 
'-ITO TCKTOHI1'-!eCKM MOlleJib 3KCTeH3110HHOrO pa3811TI1ll 3eM
HOM KOpblllJl~ 3TOM 'iaCTI1 crpaHblllOKa3biBaeTc~ . nony'-leH
Hble CKOpOCTI1 nOllTBep)f(llaiOT HaJIH'-111e npaBO-OTCellHOe 
ll811)f(eHHe no J.1CKblpCKOH pa3JIOMHOH 30He, KOTOpoe ycTa
HOBJieHO no reOJIOrl1'-leCKHM llaHHbiM. C llpyroi:f CTOpOHbl, 
CKOpOCTH TO'-IKI1, pacnOJIO)f(eHHbJe C llBYX CTOpOH )i(eJie3-
HHWCKOrO pa3JIOMa, He llaeT OCHOBaH~ npennonaraTb llBI1-
)f(eHI1e, KaK noKa3biBaiOT reonorl1'-leCKI1e naHHbie. B paiioHe 
3CKnep11MeHTaJibHOM reOlle311'-leCKOM CeTI1 B 6JII130CT11llepes
HI1 Bep11HCKO He ycTaHosneHbi sepT11KaJibHbie 11 rop1130H
TaflbHbie llBI1)f(eH~ no cerMeHry pa3JloMa, pacnoJio)f(eHHOro 
IOro-socTO'-IHee OT sonoxpaHHJI11Ula , naKapnepe". HacTo~
mee 11ccnenosaH11e npencTaBAAeT sKJian s yro'-IHeHHI1 reonH
HaMI1'-!ecKoi:t 06CTaHOBKI1 paHOHa. 

Abstract. The paper presents a study of the recent geodynamic 
setting for a region located southeast of Sofia. The research 
area includes the Ihtiman graben and part of the Sofia com
plex graben- a region with a high concentration of small seis
micity. The study combines an analysis of the geodet ic mea
surements - GPS and spiri t levelling, geologic and seismic 
data. Based on the results obtained the tectonic model for an 
extension development of the earth crust for that part of the 
country is verified. The GPS velocities contirmed the presence 
of a right-lateral strike-s lip movement along the Iskur fault 
zone, established by geological data. On the other site the ve
locities of the points at the two sides of the Zheleznitsa fault 
do not allow to suppose a motion along it as suggested by 
geological data. There are not detectable vertical and horizon
tal movements along the fault segment passing southeast 
from the dam Bakardere in the area of the experimental geo
detic network near the village Verinsko. This investigation is 
a contribution to clarifying the contemporary geodinamic set
t ing in this region . 
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Introduction 

The goal of this paper is to present a study carried 
out concerning investigation of the recent 
geodynamic setting for a region located southeast 
of Sofia which undergoing a high concentration 
of small seismicity. In this investigation mainly 

the geodetic measurements accomplished in the 
framework of the scientific research project "In
tegral analysis of the local geodetic measure
ments using tectonic information" (fpe6eHHtiap
CKH et al., 1999) are used. There are the two GPS 
campaigns in August 1997 and July 1998 and the 
two cycles spirit levelling carried out on the local 
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Fig. I . Scheme of the experimental network in the area of Verinsko village (A). Inset (B)- scheme of the GPS and precise 
levelling measurements 

geodetic network near the village Verinsko (Fig. 
l ). The analysis of the geodynamic is comple
mented by using of the GPS measurements at the 
points located on the typical morphostructures -
Vitosha, Plana and Lozen Mountains (Mruies et al., 
1999; UeHKos et al., 1999) and also the GPS obser
vations from the permanent IGS (International GPS 
Service) station SOFI near Sofia. The geodetic data 
are analyzed with the available tectonic and seismic 
information for the region of the Thtiman graben and 
a part of the Sofia complex graben. 

Brief tectonic 
and seismic characteristics 
of the research region 

The research territory is a part of the Maritsa zone 
(I>oHtieB, 1971 ). The analysis of the geological 
information for the period from Late Miocene 
time to now shows that the region is subjected to 
a relative extension with the direction of the 
minimum stress about 30° (Zagorchev, 1992). 
The fault zone can be described with low angle 
faults complicated from transverse and longitudi-
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nal steep normal and strike-slip faults. The 
scheme of the main fault zones is shown in Fig 2. 
The faults, which accompany the main fault 
structures in the surrounding area of the geodetic 
points, are also outlined. The focal mechanisms 
of the earthquakes in the research region con
firmed the situation of a relative extension 
(fnasqesa et al., 1996; Botev, 2000). Two nega
tive structures - the Ihtirnan graben and a part of 
the Sofia complex graben belong to this region. 
They are generated because of the extension pro
cesses passed during the N eogene-Quatemary 
period. 

A part of the south board of the Sofia complex 
graben belongs to the research region. It is a com
plex horst built up of three main stru~tures - the 
mountains Vitosha, Plana and Lozen (Fig. 3). The 
main fault structure in this region is the Iskur fault 
zone (Iskur dislocation - ,lJ;HMHTpOB, 193 7) with 
a typical right-lateral strike-slip movement. The 
section of the Iskur fault zone at the north slope 
of Vitosha Mountain is known as Vitosha fault. 
This segment consists of a few parallel low angle 
faults, which have formed steps steeply dipping 
to north (Tzankov, Nikolov, 1996; IllaHOB et al. , 
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1998). The Iskur fault zone in its segment be
tween the village of Bistritsa and the Iskur dam 
divides Plana from Lozen Mountain and the nor
mal fault displacement is smaller here. 

In the southeast part of the Sofia complex gra
ben the main normal fault is on the north edge of 
Lozen Mountain (Lozen fault- Hop.n.aHOB, 1966). 
It is a low angle fault trending east-west with 

5 Geologica Balcanica, 1/2002 

Earthquake fault-plane solution 
Date of the events: 1 - 22. 12. 1983 

2,3-09.02.1991 
4- 14.12.1995 
5,6 - 20.04.1996 

steps dipping to north, too. 
Several parallel faults with northeast-south

west strike are formed between the intensively 
uplifting Vitosha structure and the Plana Moun
tain. These faults dip steep into southeast. The 
most significant movements are supposed to be 
on the Zheleznitsa fault (AHTosa, 1990; 3arop
qes, MapHHOBa, 1991 ). 
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The lhtiman graben is outlined by low angle 
faults striking 100-130 °. On the south the Iskur
Yavorishky fault (a part of the Iskur fault zone) is 
located and on the north - the lhtiman fault 
(KauKoB, l1mtes, 1990). All these faults are cut 
across by transverse faults striking 15-30 °. Dur
ing Neogene and Quaternary times, the longitudi
nal and accompanied transverse faults have been 
also active. 

The research region is located in the southeast 
part of the Sofia seismogenic zone for which an 
analysis of the small recent seismicity with a 
lower magnitude threshold M = 2.0 during the 
period 1980-1994 has been done (XpHCTOCKOB et 
al., 1997). It was found out that there is a clearly 
expressed concentration of the small seismicity 
in the east part of the Sofia seismic zone. Other 
studies confirm a similar space distribution of the 
seismic activity (Fig.3) for the period 1990-1999 
(rJiaBtfeBa H ,Up., 1996; AJieKCHeB, reoprHeB, 
1997; Rangelov, Toteva, 1999; Botev, 2000). The 
earthquake epicentre concentration in the north 
of the lskur dam is evident. A possible explana
tion of such a concentration of the seismic events 
can be a recent tectonic development of the 
lhtiman graben to a northwest direction. 

Geodetic measurements 

GPS measurements 

GPS observations from the two campaigns -
VERI'97 and VERI' 98 carried out within the 
framework of the research project (rpe6eHHtfap
CKH et al., 1999) as well as the observations at 
points LOZE and PLA 1 from the GPS campaigns 
PAN'99 (~eHKOB et al., 1999) and SOFI'97 
(MHJieB et al., 1999) are used in this study. The 
observations of the permanent IGS (International 
GPS Service) station near Sofia - SOFI are also 
included in the analysis (Table 1 ). The GPS ob-

Table I 
GPS observations 

servations made under the research project "In
tegral analysis of the local geodetic measure
ments using tectonic information" are given in 
the Table 1. The point LOZE is at the north slope 
of the Lozen Mountain, the point PLA 1 - at the 
Geodetic observatory "Plana" and the point SOFI 
- at the Vitosha foot (Fig. 6) . 

All measurements are made by dual frequency 
Trimble GPS receivers under the conditions - I 0 
degrees elevation cutoff and 30 seconds sampling 
rate. 

Spirit levelling 

Two cycles spirit levelling- 1983 (ToMoBa et al., 
1984) and 1999 are performed on the experimen
tal geodetic network (Fig. 1). Only the second 
levelling is carried out in the framework of the re
search project (rpe6eHHtiapcKH et al. , 1999). The 
measurements are done according to the instruc
tion for the second class levelling (o05!.ll>KHeB, 
1980). 

The spirit levelling is performed with level 
KONI 007 instrument and invar rods. After the 
levelling the necessary control processing is do
ne. The height differences from double-run level
ling between the network points are found and 
the accuracy of the measurements is estimated. 

Processing 
of the geodetic measurements 

Processing the observations 
of the regional network 
and determination 
of the station velocities 

GPS observations acquired from the points located 
in the region southeast of Sofia (LOZE, PLA I, 
SOA, VERI and 400) are analysed with the Bemese 
4.0 software (Rothacher, Mervart, 1996). 

GPS Date of GPS Identification Session length Type of the receiver 
Campaign measurement Point number h m 

03.08.1997 400 0400 14" 00"' Trimble 4000SSl 

VERI'97 04.08.1997 4401 4401 4" 50"' Trimble 4000SSE 
400 0400 10" 00"' Trimble 4000SSE 

05.08. 1997 154 0154 8" 30"' Trimble 4000SSE 

16.07.1998 400 0400 241100'" Trimble 4000SSI 

17.07.1998 Verinsko VERI 5"00"' Trimble 4000SSE 
VERI'98 400 0400 1411 00"' Trimble 4000SSE 

18.07.1998 400 0400 24" 00"' Trimble 4000SSE 
19.07. I 998 400 0400 I 7" 30"' Trimble 4000SSE 
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ITRF96 (International Terrestrial Reference 
Frame) frame realization 96 is adopted in the 
GPS analysis by including in the processing the 
observations from the IGS permanent tracking 
sites Wettzel, Graz, Matera, Zimmerwald, 
Zwenigorod and Ankara (IERS Technical Note 
24, 1998). 

The GPS data evaluation is done closely follow 
the IGS guidelines for densification of the ITRF 
by regional networks (Biewit et al., 1995; 
Zumberge et al., 1995). The background models 
and IGS produces carried ouc in the processing 
scheme of the analysis are: 

- Precise ephemeris of the GPS satellites and 
pole coordinates from IGS referred to the ITRF96 
reference frame; 

- Regional models of the ionosphere of Europe 
for each day obtained from the Bern University 
are included to reduce the influence of the iono
sphere refraction (Rothaher et al., 1996); 

- IGS_Ol model of the elevation-dependent 
phase center corrections of the GPS antennas; 

-Estimating of one troposphere parameter per 
hour and per station, using Saastamoinen as a 
priori model to reduce the influence of the tropo
sphere refraction; 

- 15 degrees' elevation cutoff. 
The strategy of the processing consists of the 

following stages: first, single point positioning 
was performed to estimate the receiver clock bi
ases for each epoch using pseudorange 
observables. Single differences are formed using 
phase data between sites. The cycle slips fixing, 
small pieces and breaks in the data are detected 
and eliminated using triple differences. Having 
completed the cycle slips fixing, processing the 
double difference phase data is performed to 
make a check of the data quality without fixing 
the ambiguities (so-called ambiguity free solu
tion based on the ionosphere free linear combina
tion of the L 1 and L2 carriers). The ambiguity 
resolution is done using QIF (Quasi Ionosphere 
Free) strategy in the baseline mode, processing 
both carriers together and resolves both Ll and 
L2 ambiguities (Rothacher, Mervart, 1996). For 
the GPS campaign involved in the processing 
usually 80-85% of the initial phase ambiguities 
are successfully resolved. 

The daily solutions for each campaign are ob
tained in the following manner: the six IGS sites 
were included in the solutions with their ITRF96 
coordinates mapped to the epoch of the cam
paign. Unresolved ambiguities are preeliminated 
from normal equations before their inversion. 
Loosely constrained solutions for each day are 
derived constraining only the coordinates of the 
site Wettzell with a priori sigma of 0.001 m. Nor-
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mal equations for each day with all other 
preeliminated parameters excepting the station 
coordinates are stored. 

For each campaign the daily normal equa
tions are combined to obtain campaign solutions 
imposing constraints of 0.00 I m for all IGS sites 
except Ankara. In this final step of the processing 
two kinds of velocity solutions are made: 

A global combination is made to obtain the ve
locities of the regional stations in the global 
ITRF96 reference frame. The solution is obtained 
stacking che campaign normal equations and con
straining the coordinates of all IGS sites (except 
Ankara) with 0.001 m a priori sigma and ITRF96 
velocities of the Wettzell, Zimmerwald and Graz 
stations to 0.0 I mm/y. All other velocities are 
estimated with loose constraints of 99.99 mm/y 
(Brockton, 1996; Rothacher, Mervart, 1996). 

The formal root mean square errors (nns) for 
the velocities range from 0.2 to 0.5 mm/y and are 
obviously too optimistic. A covariance scaling 
factor of 5 for rms of coordinates and velocities is 
used to convert the internal precision of solution 
to an estimate of the accuracy (Brockmann, 
1996). For this study the scaling factor is chosen 
in such way that the final error estimates from the 
adjustment, multiplied by this factor match the 
errors, obtained from the error propagation of the 
root mean square error repeatability of the station 
coordinates (Becker et al., 2000; Brockmann, 
1996). All plotted 3cr-error ellipses in the figures 
are scaled by this factor. Estimated velocities 
relative to Eurasia and their errors are shown in 
Table 2. 

Table 2 
Estimated velocities relative to Eurasia 
and one sigma uncertainties 

Station Velocities and errors 

yN CJ/ 
mrnlyear mm/year 

0400 -3.7 ±0.8 4.4 ± 1.0 
PLAI 1.1 ±0.4 -2.3 ± 0.4 
SOFI 0.0 ±0.7 1.5 ± 0.8 
LOZE -3 .7 ±0.6 2.3 ± 0.7 

To have an assessment of the quality of our ve
locity estimation the rate of the SOFI permanent 
IGS station obtained in the University of Bern 
regularly (Rothacher et al., 1996, 1997) in the 
ITRF96 reference frame is also plotted in Fig. 3. 

A regional solution is obtained to have a basis 
for better geodynamic interpretation of the results 
for the region of interest. All site velocities are 
estimated relative to three sites representing the 



23° 24° 
43° !;] ____ 1::::::======================================---~ 4 3° 

ITRF96 velocities 

Okm 50km 

42° ~---====================================---~ 42° 
2311 24° 

PLAI A GPS point 

---- Vector of absolute horizontal velocity 

Vector of absolute horizontal velocity (Rothacher et al. , 1999) 

Fig. 4 . ITRF96 velocities of the GPS sites 

stable and homogeneous moving part of the Eur
asian plate - Weuzell, Zimmerwald and Graz. 
The velocities of the points are shown in Fig. 4 
with associated 3cr ellipses. 

An idea for the quality of our relative velocity so
lution can be obtained from Fig. 5 and Table 3. In 

the figure our estimate of the velocity of the IGS 
permanent site Ankara, located on the Anatolian 
microplate, relative to Eurasia is plotted with the 
same .velocity obtained by processing of the GPS 
observation spanning 9 years with the GAMIT/ 
GLOBK processing software (McClusky et al., 2000). 
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Table 3 
Estimated velocities of point Ankara relative 
to Eurasia 

Station 
Ankara 

This study 4.6 
According 
to McClusky - 2.2 
et al. , 2000 

± 0.5 

± 0.9 

mm/year 

-22.8 ± 0.5 

- 20.8 ± 1.0 

The horizontal velocity of the point VERI rela
tive to the point 400 is also obtained to analyze 
the mutual behaviour of the points. The results 
(Table 4) show that there are not statistically sig
nificant relative movements between the two 
points. 
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Table 4 
Horizontal velocity of the point VERI relative 
to the point 400 

VN o.N v•·: o;: 
mm/year mm/year mm/year mm/year 

I 2 3 4 
0.7 ± 2.5 - 2.2 ±2.7 

The processing of the GPS observations from 
the local network for two epochs is also made by 
the GPSurvey 2.0 software according to the 
project specific tasks and the results are not pre
sented here (fpe6eHWiapci<H et al. , 1999). We 
want only to mention that the velocity of the 
point VERI relative to the point 400 obtained 
from the coordinate differences of the two epochs 
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is very similar to these obtained by the Bemese 
4.0 software. 

Processing of the spirit levelling 

The results from the mean height differences be
tween the experimental network points are used 

for the control processing of the loop closures. 
The calculated misclosures are acceptable for the 
second class levelling and are smaller than 
F(mm) = ± 3.0 [(S)]112, where (S) is a sum from 
the levelling segment lengths for the loop clo
sure. Two separate least-square adjustments, for 
the epochs 1983 and 1999, are performed keep-
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ing the height of the point 155 fixed. The root 
mean square errors of unit weight for the two 

cycles are a I = ± I .36 mm/km and a II = ± 0.82 
mmlkm respectively. Before detecting the signifi
cant vertical movements of the network points, 
the F-test for an equality of the root mean square 
error estimations is perfonned (3aKc, 1976). The 
F-test procedure is applied 

F = ~ ; < F ' " ·'~ _,, , 1 for the confidence level a, . 

95% (a=0.05%), 

where r, and r2 are the degrees of freedom for 
the first and the second levelling respectively. 
The calculated F-statistics is 1.29 < Fcu.95. s. 5> = 
5.05. Then, the significance of the vertical move
ments for each network point is tested for the 
confidence level 99% using the formula: 

dH/ ·" ~ [r 2H/ +cr 2H:']'2
.Z099 ; , . 

where dH-' ·"=H!'-H-' - differences be-
l I I 

tween the normal heights of the points at the two 
epochs and Zu.9F2.576 (3aKc, 1976). The differ
ences between the adjusted values of the nonnal 
heights of the points for the two epochs and their 
mean square errors are shown in the Table 5. The 
results obtained show that the height differences 
of all points are not significant. This allows us to 
consider that there are not statistically significant 
vertical movements of the points of the experi
mental network. 

Table 5 
Differences between the normal heights 
of points for period 1983-1999 
( dH/YXJ·IY'IY, mm) 
and their mean square errors (adH, mm) 

point d H N I'J/IJ. /PW (Jd/1 

N" mm mm 

155 0.0 ± 0.0 
150 3.9 ± 2.2 
151 -0.3 ± 1.8 
152 2.8 ± 1.8 
153 - 1.8 ±1.3 
154 - 1.0 ± 1.7 

158 0.4 ± 2.4 
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Discussion of the results 

The results from the geodetic measurements -
GPS observations and spirit levelling compared 
with the available tectonic and seismic informa
tion for the region allow us to come to the follow
ing inferences: 

There are not detectable vertical movements in 
the area of the experimental network near the 
Verinsko village. We can notice only that the de
rived vertical height differences between the two 
epochs are with different signs at the two sites of 
the fault passing southeast from the "Bakardere" 
dam. There is not geological data to suggest any 
horizontal movements along the fault segment 
located between the villages Venkovets and 
Verinsko. The horizontal velocity of the point 
VERI relative to 400 obtained from the GPS ob
servations cannot be certain evidence for a move
ment. This is because of very short period be
tween the measurements and its statistically in
significant value. More detail complex investiga
tion will clarify the local tectonic setting - an 
opening of the Ihtiman graben and the listric 
prisms' movements. 

The following conclusions can be done analy
zing the GPS relative velocities of the points 400, 
PLA I, SOFI and LOZE: 

The horizontal movements of the points PLA I, 
LOZE and 400 at the two sides of the Iskur fault 
zone confirmed the presence of a right-lateral 
strike-slip movement established by geological 
data. That fact is confirmed also by the focal 
mechanism solution for the earthquake from De
cember 1995 in the region of Simeonovo 
(rnasqesa et al., 1996). The horizontal velocities 
obtained in this study agree with the relative vec
tors of movements of the points located on the 
Lozen, Plana and Vitosha Mountains, which are 
presented in (j{HMHTpOB, CTe¢aHos, 1994 ). 

The GPS velocities of the points PLA I and 
SOFI at the two sides of the Zheleznitsa fault do 
not allow us to suppose a movement along as it is 
suggested by geological data. The two points are 
on the Vitosha-Plana block, which is moving to 
the west-northwest. As one can see from the Fig. 
6, the point SOFI has southeast but not statisti
cally significant relative movement. A possible 
explanation of this seeming immobility is that the 
point is located on the fault step of the Zhelez
nitsa fault zone. This zone is thrown down to the 
east-southeast relative to Vitosha on the back-



ground of the general movement of the Vitosha
Plana block to the west-northwest. 

Conclusions 

Based on the results obtained, we can conclude 
that the tectonic model for an extension develop
ment of the earth crust for that part of the country 
is confirmed. The analysis of the geodetic data 
with the geologic and seismic data allows clarify
ina of the contemporary geodynamic setting. 

The results also show the capabilities of the 
joint geodetic and geologic studies of t~e rece~t 
deformations of the earth's crust and thetr contn
bution to a better understanding of the actual 
geodynamic processes. 
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