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Introduction

South-western (SW) Bulgaria is the most active tec-
tonic area with high seismicity in Bulgaria. The area
(fig. 1.) belongs to the southern marginal parts of the
Central-Balkan Neotectonic Region — a zone of re-
cent extension of the Earth’s crust with complex in-
terference of horizontal and vertical movements of
the geological structures (Zagorchev, 1992, 2001). The
area is in the north of the North Aegean Neotecton-
ic region, and is greatly influenced by its tectonics
and high seismicity. The strongest earthquake for the
last two centuries in Europe occurred in SW Bul-
garia in the Krupnik-Kresna region with magnitude
M~ 7.8 (Botev, 2000). Recent crustal movements in
SW Bulgaria are resulted from the long time exten-
sional movements in the inner part of the Aegean
region although the kinematic model of the North
Aegean and Central Balkan regions is still under
debate. The region has a key position in the regional
neotectonics and recent tectonics being situated at
the crossing points between several important fault
belts (lineaments): the NNW-SSE striking Struma
(Kraishtid) lineament, the WNW-ESE striking Mar-
itsa Lineament, and the northernmost western feath-
ering faults of the North Anatolian Fault (NAF) zone
(Zagorchev, 1992).

GPS network, data analysis
and velocity solution

A GPS network for monitoring the present-day kine-
matics in SW Bulgaria and West Rhodope has been
established in early 2001. The network consists of 38
points chosen to cover the main tectonic structures
and to provide spatial coverage throughout this re-
gion (fig. 1 and fig. 3). The points are monumented
into solid bedrock with bronze and stainless steel bolts.
The network includes three EUREF points and two
triangulation first-order points: the highest peaks on
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the Balkans — Musala (2925 m) and Vihren (2918 m).
One point of the regional network is a point from a
local geodynamic network in Krupnik — concrete
pillar with enforced centring device.

GPS sites are measured in campaign mode, every
year in the period from 2001 to 2004. Expected ve-
locities in the region are up to 2-3 mm/yr (McClusky
et al., 2000). Simultaneous GPS observations are per-
formed with Trimble 4000SSE, Trimble 4400 and
Trimble 5700 receivers equipped with L1/L2 ground
plane antennas. All observations are made with sam-
pling rate of 30 seconds and 10° elevation masks.
Data from previous GPS campaigns (1996, 1997 and
1998) were used for some points — three EUREF
points (SATO, PETR and SAPA), and FROL, PADA,
MALA and BELM (MwuieB u ap., 1999). The typi-
cal occupation time for each site in 1996, 1997 and
1998 is 48 hours and for 2001—2004 campaigns —
over 36 hours.

All SW Bulgaria GPS campaigns are processed
in the International Terrestrial Reference Frame
2000 (ITRF2000). The processing of the data was
performed with the Bernese Software 4.2. Data from
10 IGS stations are integrated in the analysis to con-
strain the network into a global reference frame. Ion-
osphere models for Europe are used to help the am-
biguity resolution and troposphere parameters for
each station (for details see Georgiev and Dimitrov,
2006). For East Mediterranean region the Eurasia
plate is assumed to be stable and velocities are given
relative to the rigid Eurasia. All GPS results are rel-
ative to the Eurasian plate after the rigid rotation of
the plate is removed (fig. 3).

Vertical movements from repeated levelling
measurements
The study of the recent vertical movements of the

Earth’s crust is carried out using the existing first
and second order levelling lines in the region of SW
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Fig. 1. Scheme of main tectonic structures in SW Bulgaria
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Fig. 2. Map of the recent vertical movements of the SW Bulgaria region

Bulgaria. The measurements along the 16 levelling
lines, which formed 10 loops, are performed in three
cycles. The number of nodal benchmarks is 19, as
12 of them are located on the first order lines. The
sections of the first order lines between nodal bench-
marks are considered as single lines. The vertical
velocities are calculated assuming linear vertical
movement in time.

The nodal benchmark in Pazardzhik is chosen
as the initial for the levelling network adjustment
for the whole SW Bulgaria region. The rms of the
adjusted relative velocities is + 0.14 mm/yr per km
and the rms for the whole network calculated from
the loop’s misclosures is = 0.13 mm/yr. The absolute
vertical velocities are within the range of -3.0to +1.2
mm/yr and -1.6 to +2.4 mm/yr for the first and sec-
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Fig. 3. GPS-derived velocities with 95% confidence ellipses relative to Eurasia for sites in SW Bulgaria

and blocks with homogeneous movements

ond order levelling lines, respectively. The absolute
values of vertical velocities for all benchmarks are
plotted on a map and the isolines are drawn up by
interpolation (fig. 2).

Geodetic constrains in SW Bulgaria

The horizontal velocities of 38 GPS points in the
region of SW Bulgaria indicate movement in the
south-southeast direction with respect to the stable
Eurasia. The average velocity is of about 1.8 £ 0.7
mm/yr (fig. 3). This movement is in good agreement
to the dextral movement along the NAF zone.

On the map of the vertical movements the zero
velocity isoline divides the SW Bulgaria region to an
eastern part with predominant negative, and a west-
ern part with predominant positive values. There is
a clearly expressed uplifting of the west part of the
Rila horst, which is separated from the horst itself by
the Beli Iskar fault. Local uplifts are found out south
from Blagoevgrad and from Krupnik, respectively.
According to the geological data they coincide with
the Momina-Klisura horst and Kresna horst, which
have been uplifting during the Neogene. Negative
velocities are predominant for the whole West Rho-
dope region with the minimum value of — 3 mm/yr in
the region of Satovcha. Based on the tectonic struc-
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tures, the obtained horizontal and vertical crustal
movements, we separate the SW Bulgaria at five zones
with homogeneous movements (fig. 3). The average
movements of each block range from 1.3 to 3.4 mm/yr.

Conclusions

A GPS geodynamic network of 38 sites is established
in SW Bulgaria in order to monitor the present day
deformation associated with recent tectonic process-
es. Based on analysis of geodetic data we conclude
that: the SW Bulgaria region has displacement with
velocity of about 1.8 £ 0.7 mm/yr in southeast direc-
tion N154° relative to stable Eurasia; SW Bulgaria
could be divided on five homogeneous according to
its movements blocks; vertical movements show that
the Rila and Pirin Mountains are uplifting as con-
firmed by geological data, as the West Rodhope is
subsiding.

The general tendency of the area of SW Bulgaria
is the southeast movement relatively to Eurasia with
increasing velocities from north to south. Based on the
obtained results from GPS measurements movements,
we can speculate, that there is tectonic activity along
the West Pirin fault, which marks the eastern mar-
gin of the Sandanski graben, the Melnik fault and
probably also the Katuntsi fault. The Krupnik fault



is undoubtedly recently active. The Predela and Dos-
pat faults are marked as active normal faults. Activ-
ity is indicated along the northeast border of the Gotse
Delchev graben — the Satovcha normal fault.

The obtained results constrained the complicat-
ed tectonic model of the SW Bulgaria and contrib-
ute to understand the dominant regional extension
N-S regime. The movement of the SW Bulgaria is in
agreement with this of Northern Greece and clari-
fies the regional geodynamic settings and is in a good
agreement also to the dextral movement along the

References

Botev, E. 2000. On the seismicity of South-West Bulgar-
ia during 1980-1999. — Report on Geodesy, Warsza-
wa, 4 (49), 81—389.

Georgiev, I. D. Dimitrov. 2006. Assessment of horizon-
tal velocities at South-western Bulgaria by GPS. —
Geodesy, 17, 15—34.

McClusky, S., S. Balassanian, A. Barka, C. Demir, S.
Ergintav, I. Georgiev, O. Gurcan, O. Hamburger, K.
Hurst, H. Kahle, K. Kastens, G. Kekelidze, R. King,
V. Kotzev, O. Lenk, S. Mahmoud, A. Mishin, M.
Nadariya, A. Ouzounis, D. Paradissis, Y. Peter, M.
Prilepin, R. Reilinger, I. Sanli, H. Seeger, A. Tealeb,
M. Toksoz, G. Veis. 2000. Global Positioning Sys-
tem Constraints on Plate Kinematics and Dynamics
in the Eastern Mediterranean and Caucasus. —Jour-
nal of Geophysical Research, 105 (B3), 5695—5719.

NAF (McClusky et al., 2000). Considering that the
movement of the Aegean plate is several times faster
than this in the SW Bulgaria region, it is evident
that the counter-clock rotation of the Anatolian and
Aegean plates is accompanied by its southwards
detaching from stable Europe. This is expressed ex-
actly by the north-south tectonic extension in the
structures of the Northern Aegean Sea area — west
North Anatolian fault and North Anatolian trough
strike-slip and extensional zone (Shanov et al., 2001;
Zagorchev, 2001).

Shanov, S., K. Kurtev, G. Nikolov, A. Boykova, B.
Rangelov. 2001. Seismotectonic Characteristics of the
western periphery of the Rhodope Mountain region.
— Geologica Balcanica, 31, 1—2, 53—66.

Zagorchev, 1. 1992. Neotectonic development of the
Struma (Kraistid) Lineament, Southwest Bulgaria and
Northern Greece. — Geological Magazine, 129, 2,
197—-222.

Zagorchev, 1. 2001. Geology of SW Bulgaria: an over-
view. — Geologica Balc., 21, 1—2, 3—52.

Munes, I, M. Munues, B. Kones. 1999. Mexnynapomnamn
MIPOEKTH CBBP3aHU C OCHOBHHU IpujioxeHust Ha GPS
Ha TeputopusTa Ha Bwarapus. — B: Cooprukx 0dok-
aaou ,,Ceepemennu ungopmayuonnu u GPS mex-
HO02UU — ACNEKMU U NOCACOUYU OM MAXHOMO NPU-
aoocenue”, 11-12 noemspu 1999, Codus, 93—104.

T'eoge3nuecky MOHMTOPUHT HA ChbBPEMEHHUTE JABUKEHUSA
Ha 3emHaTa kopa B IOrozanaana bearapus

Hean TI'eopzuee!, Jumumasp Jumumpoe!, JTiooka Ilawoea
Cmedgban llanoe?, I'nbpuea Huxoaoe?, Teopeu Mapunos

Pesiome. Paiionsr Ha FOrozananna bwarapus mo-
naga B rokHaTa yacT Ha LlenTpanno-bankaHckus
HEOTEKTOHCKU PallOH U TPaHUYM CHC CEBEpHATa
yact Ha CeBepHo-Erelickata cemsmMuuHa 30HA.
ChpBpeMeHHNTE IBIXKECHUS HA 3€MHATa KOpa U ce-
U3MUYHOCTTA CE OIPENEIAT IPEAUMHO OT CyOayK-
nusTa B OHMIICKO ¥ AIpHATHYECKO MOpPE | IIPO-
LIECUTE, CBBbP3aHu C ABMKeHMATa Mo CeBepHO-AHA-
nonckus pasyiom. IIpe3 2001 r. B FOro3anamna
Boirapus 6e usrpagena GPS mpexa ot 38 Touku
3a u3cjieBaHe Ha TeKTOHCkuTe nedpopmanuu. OT
aHaym3a Ha GPS usmepBanusTa 3a nepuona 1996—
2004 r. e moJTy4eHO BEKTOPHO MOJIE HA XOPU3OHTAJI-
HUTE CKOpOCTU. CKOPOCTUTE Ca ONPEIEJICHH CIIPS-
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, Tooop Beaawru!,
1

Mo ctabmiHaTa yacT Ha EBpoasuaTckaTa TEeKTOHC-
ka mio4a. 3paboTeHa e kapTa Ha ChbBPEMEHHHUTE
BEpTHUKAJIHU NBI)KCHUS Ha 3eMHATa KOpa, KaTto ca
M3IMOJI3BAaHU NMPEUU3HN HUBEJIAYHU U3MEPBAHUS 32
nepuonaa 1929—1991 r. B3 ocHOBa HA CbBMECTHUS
AHAJIU3 Ha TE€0JIOXKKHUTE U I'€ONIe3NUYECKUTE AAHHHU,
FOrozananua bearapus e pasnesieHa Ha IET XOMO-
TeHHU 10 OTHOIIEHUE Ha JBIDKECHUSTA CH OJIOKA.
CpenHaTa XOpU30HTAJIHA CKOPOCT Ha IeJIusl pailoH
e 1.8 £ 0.7 mm/yr ¢ nocoka N154°. ITonyuenure pe-
3yJITAaTH JOIBJIBAT CJIOXHUS TEKTOHCKM MOJIEN Ha
FOrozananna bearapust u fonpuHACST 32 U3SCHS-
BaHE Ha reoJMHaMHUYHaTa 00cTaHoBKa B CeBepHO-
Ereiickust peruos.
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