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Introduction

The region along the line Kochany-Pehchevo-Krup-
nik-Brezhani in Eastern Macedonia and South-west-
ern Bulgaria is one of the most active parts of the
high seismic North Aegean area. About 10 strong
historic earthquakes (magnitudes higher than 6.0)
had occurred in this zone. The strongest shallow
earthquake in South-eastern Europe in the last two
centuries occurred in the Krupnik-Kresna area on
04. 04. 1904 with magnitude ~7.8. It is well known as
Krupnik earthquake. Macroseismic data show that
the most significant damages and losses of lives were
located in the area Krupnik-Pehchevo-Kochany (the
last two are in Republic of Macedonia). This line
coincides with the WSW-ENE-oriented Krupnik
fault. This fault was also a source zone for 1949,
1950 and 1953 earthquakes with moderate magni-
tudes (Shanov et al., 2001).

Krupnik-Kresna seismogenic zone, object of this
study, ranges 41.8°<(p<42.1% and 22.9°<)<23.3°. The
main goal is to establish the geodynamic settings on
the basis of geodetic, geophysical and geological
investigations. Special attention is paid to the geo-
detic analysis to constrain the kinematics and dy-
namics of this region using GPS and precise level-
ling data.

GPS network in the Krupnik-Kresna region

The local geodetic network in the Krupnik-Kresna
region is designed for monitoring the horizontal crust-
al motion at the junction of Krupnik and Struma
faults. The network is established in 1983-1984
(Mues u np., 1984). The original configuration
consists of 16 points with pillars and enforced cen-
tring devices as average distance between points is
approximately of 1-2 km. Angle, EDM and GPS
measurements are performed during the period 1984-
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1992, but horizontal motions are not reported yet
(Muznes, 1999).

Data for vertical velocities and their analysis are
published by Milev (Munes u np., 1984; Mues,
1999). Despite that levelling data are available only
for the first-order levelling line Dupnitza—Dospat,
conclusions have been made about the vertical move-
ments of the tectonic blocks, which are not crossed
from this line.

In early 2002 the reconnaissance of the network
shows that some of the points are destroyed. For
monitoring of horizontal motions six points — two
on the southern side and four from the northern
side of the Krupnik fault are chosen for GPS obser-
vations (fig. 2).

Results from new GPS measurements
analysis

The six points were measured in the successive GPS
campaigns from 2002 till 2004. Observation sessions
are designed in 3 hours and minimum two times in
different days. The elevation mask was 10 degrees
and the measurement interval was 15 seconds.

Details about GPS data processing are given by
Georgiev and Dimitrov (2006). The obtained hori-
zontal velocities of the points are plotted in fig. 2
along with the 3o error ellipses. All velocities are
relative to Eurasian plate.

Reanalysis of the precise levelling data

Data from the precise levelling of the First order lev-
elling line Dupnitsa-Dospat in four available ep-
ochs — 1956, 1978, 1986 and 2000, are used for de-
termination of vertical velocities. The levelling line
crosses the horizontal network and is parallel to the
Struma fault.
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Fig. 1. Extension regime in the Krupnik-Kresna region
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Fig. 2. GPS velocities of points from the local network in the Krupnik region
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In the 52-km long section Barakovo-railway sta-
tion (r. s.) Pirin of this line there are 9 benchmarks
with heights in three epochs. Their height differ-
ences are calculated relative to the Barakovo bench-
mark for three periods — 1956—1978, 1978—2000,
1986—2000 and 1956—2000.

In figure 3 the topographic profile of the section
Barakovo — r. s. Pirin is shown and the location of
the Krupnik fault is also drawn. As it can be seen on
the figure, during the period 1956—1978 the height
differences are greater than in the second period
1978—2000 and are completely positive. The verti-
cal velocities for the first period are within the range
from 0.6 to 1.6 mm/yr. For the second period the ve-
locities are within the range from —0.9 to 0.4 mm/yr.

Figure 3 shows also that there is a change in the
height of the benchmarks from two sides of the Krup-
nik fault for epochs 1978, 1986 and 2000 relative to
the first one 1956. The benchmark on the north side
of the fault — r. s. Krupnik is subsided 17 mm (ver-
tical velocity is — 0.7 mm/yr). The benchmark locat-
ed on the roadman’s lodge south of the fault is up-
lifted with 12 mm (vertical velocity is 0.5 mm/yr).

The results published by Milev (Munes u ap.,
1984; Munes, 1999) are based on precise levelling
from few epochs — from 1956 to 1992. Comparing
our results with before-mentioned we found the fol-
lowing differences: the vertical velocities from our
study are two-three times less than those reported by
Milev (Munes, 1999); we did not find alteration of
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signs of the vertical movements along the levelling
line south of the crossing of the fault as those pub-
lished by Milev (Musies, 1999).

Vertical movements along the same levelling line
for the period 1986—2000 are reported by Dimitrov
etal. (2001). Even that the reference benchmark and
more of the benchmarks along the profile are differ-
ent, the obtained results for height differences are
practically the same as in this study. Nothing can be
sad about the Struma fault activity because the lev-
elling line is parallel to the fault.

Activity at the Krupnik fault from geodetic,
seismotectonic and geological data

The average horizontal velocities obtained for GPS
sites in Southwestern Bulgaria show a southeast mo-
tion of the whole region relative to stable Eurasia
(Georgiev et al., 2006). We consider this motion as a
consequence of the right-lateral strike-slip along the
North Anatolian fault (NAF) with east-west orienta-
tion. Along with the southeast motion of SW Bulga-
ria, some of the graben structures show different di-
rections of motion because of their deepening through
the surrounding faults. That is true also for the Sim-
itly graben. Deviations from this southeast motion
are also manifested along the normal faults which is
a result of the general extension in the region (fig. 1).

The normal motions to the north-north-west along
the Krupnik fault result in horizontal motion of sub-
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Fig. 3. Levelling profiles crossing the Krupnik fault
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siding block in the same direction. This statement,
determined by geological data, is confirmed by GPS-
obtained velocities of the sites. The points 5 and 11
of the local network (fig. 2) show that the Simitly
graben is moving north-north-west. Comparison of
these velocities with the velocities of KRES, ILIN
and VIHR (fig. 1) confirms clearly the extension of
the region.

Points 1 and 12, located on the southern border
of the fault, are very close to the zone of faulting
and that is the reason that the horizontal velocities
have also north-west direction. When the network is
established, the intervisibility between the points has
been sought for. The points are monumented nearly
at the top of the granben’s slope. The behaviour of
these points is due not only from the northern block
movement, but also by gravity motions along the slope
of the Simitly graben.
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Pe3yaTaTH OT reoAMHAMMYHU U3CJIeBAHUSA B paiioHa
Ha Kpynnuk-Kpecna 3a nepuona 2002-2005
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Pesrome. Kpynuuk-KpecHa e enHa ot Hali-akTuB-
HUTE B CEM3MUYHO OTHOIIIeHUe obsactu Ha Cesep-
Ho-Ereiickara ceusmuuHa 30Ha. B cratusita ca
MpPEICTaBEeHU HAKPATKO OCHOBHHUTE PE3YJTaTU OT
reOIMHAMUAYHUTE U3CJICIBAHUS, IPOBENCHU 32 IIe-
puona 2002—2005 r. ot Llenrpannara 1aboparo-
pus o Buciia reofesus, [eomoruueckus u [eodu-
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3uuHMs MHCTUTYTH Tpu BAH. YcranosenuTe ot reo-
Je3UUECKUTE M3MEPBAHNUS ChbBPEMEHHU XOPHU30H-
TQJIHU U BEPTHUKAIHU JBIDKEHUS HA 3eMHAaTa Kopa
Ca B CbOTBETCTBUE C T€0JIOKKHUTE U CEU3MOTEKTOH-
ckuTe Mojenu. [ eonesnueckuTe JaHHU IOTBBPKIa-
BaT eKCTeH3MOHHUS pexuM B mocoka CC3-FOIOMU,
nepneHauKyIsipHo Ha KpynHumkus pasiom.
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