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maH06, K. Kypme6, r. HuK0/106, A . IiOUIC06a, 
PaHzeA06.- Ceuc.MomeKmOHU'IecKaR xapaKmepucmu

JanaOHou oKpauHbl PoOonc~eozo zopHozo pauoHa. 
CMOTeKTOHHqeCKHeXapaKTepHCTHKH,Onpe~eJTeHHYe 

33na~noii nepHcl»epHH Po~on noKa3biBaJOT, qTo 3TO 
laCTb CO 3HaqHTeni.HOH CeHCMH'fHOCThiO, KOTOpall 

c:sa:n.JBaeT O'feHh CRJTI>HbiH 3$4>eKT Ha JTIO~eH H 
aJOII.tYJO cpe.ny. HacTOJIIUee Jtccne.nosaHHe ncaeT 

ca:.wyJO onaCHYJO 30H}' 3eMJTeTp.lfCeHHH Ra 6onrapCKOH 
n:;>pRTopHR, xopowo H3BeCTH)'JO KaK CTPYMCKaR (HJTH 
~Ro-KpynRHWCKall) 30Ha. CaMoe CHJTJ.Roe JeMne

ceRHe B lOro-BocTO'fROii Espone coCTORJTOCJ. 3~ec~o 
a.npeJTR 1904 ro.na C MarHHTY.llOH 7.8 H HHTeHCHBHOC· 

X-VIII CTeneHH. Ha nosepXHOCTH pa3JTOMa eme 
• ecTBYJOT CJTe.lli>I TeKTOHH'feCKHX ~BH)I(eHHH (TeKTOHH· 

"'eCTHX 3epKaJT). Hx aHaJTH3 nOJCa3aJl, 'fTO ORH 6J.JJTH 
c:acaHbl c 3BOJTIOUHeii pupmmoro nponecca B Te'feRHe 

e.nRHX ceiicMH'feCKHX C061>1THH B 3nHUeHTpaJlhHOH 
lOBe KpynHHWCKoro 3eMJTeTpRCeHHII. 0HH .na10T xopo

.10 B03MO)I(ROCTI> peKOHCTpyHpOBan. TeKTOHH'feCKHe 
OBI:ole nOJTR, .neHCTBYJOII.tHe 80 BpeMR npOHCXO)I(JleHHJI 
BR"blX CeHCMH'feCKHX C06biTHH. ):\BYMepHaR MO.lleJTh 

~:~~CDPe.lleJTeRHR JTOKaJTJ.HI>IX CHJTOBI>IX noneif BOKpyr pa3-
::W.OB 6blna coCTasneHa Ha 6a3e o6o6meHHoro aHanHJa 
UTimHI>IX pa3JTOMOB H OpHeHTallRH perHOHaJlhHI>IX CHJTO-

noneif nocpe~CTBOM MeTO.lla rpaHH'fHI>IX 3JTeMeHTOB. 
~ Ba)I(HOe 3aKJTJO'feRHe ~OJT)I(HO 6b1Th OTMeqeHO, qTo 
m&:I{eRTpaUH.If CeHC~eCKHX C06b1THH TeCRO CBR3aHa C 
.li00.1TLHLIMH aHOMaJTHJIMH CHJTOBI>IX noneii. npocJTe)I(H
ilaJI OCTaBWHeCJI CJTe.llhl nosepXHOCTHOrO pa3JTOMa no 

TR)I(eHHH KpynHHWCKoro pa3p~oma, 6ldJT onpe.neneH 
C2Ml.lif BepORTHI:olH yqaCTOK B6JTH3H COBpeMeHHOrO peq
s:>ro pycna, r~e nOJIBHJTCJI 6apa)l( BO BpeMR 3eMJTeTpRCe
iilUI. libiJTO npose.neno sepTHKaJihHOe 3JTeKTpH'fecKoe 
JOB..IlMpOBaRHe, HcnoJTI>JYII 4-3JTeKTpO.nH}'IO cxeMY IIInJOM-
6epllte, C UeJTI>IO o6nap~eRHR CJTe.llOB pa3pb1Ba, RaXO.llR
c::erOCR nO.ll aJlJTIOBHaJTI>RbiM nOKpOBOM. jlcHaR pa3RHila 

elK.llY THnaMH KpHBbiX BE3 noJBOJJReT npe.nnoJTO)I(HTh 
i!!aJTH'fHe .llByx CTyneHeH ROpMaJTJ.ROrO pa3pb1Ba. 

Abstract. The seismotectonic characteristics determined 
for the West periphery of Rhodope Mountain show that 
it is an area with a considerable seismicity which caused 
very strong effects on both people and environment. The 
present investigation concerns the most hazard earth
quake zone on the Bulgarian territory well-known as Stru
ma (or Kresna-Kroupnik) zone. The strongest earthquake 
in SE Europe occurred on April 4, 1904. Its magnitude is 
estimated at 7.8 and intensity between X and VIII. On the 
fault surface, traces of tectonic movements (slickensides) 
are still preserved. The analysis of these slickensides has 
shown that they are connected with the evolution of the 
faulting process during the last seismic events in the epi
central zone of the Kroupnik Earthquake. They give a 
good possibility for a reconstruction of the tectonic stress 
field, acting when the main seismic events occurred. 2D 
model of the local stress field distribution around· the
faults in SW Bulgaria has been made on the base ofthe 
common analysis of the active faults and the regjo.n.a.t 
stress field orientation trough the Method of Boundary 
Elements. As an important conclusion for the concerned 
area it could be pointed out that the concentrations of 
seismic events are closely related to the locaJi stress f.eld 
anomalies. Following the remaining traces of the surface 
rupturing along Kroupnik fault it was located the most 
probable terrain near the contemporary river bed. where 
a barraging took place caused by Kroupnik Earthquake. 
Vertical electrical sounding was penormed using 4-elec
trodes Shlumberger array for detecting traces of the rup
turing under the alluvium cover. The clear difference be
tween the VES curves type pennits to postulate the exist
ence of two steps of normal faulting. 
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Introduction 

The main earthquake sources on the territory of 
the Rhodope mountain and the adjacent areas 
are known and well-investigated. There are nu
merous generalizing papers on the earthquake 
sources in the Kroupnik-Kresna area published 
during the last years which were based on the 
all geological, seismological and other known 
geophysical data.The last summarizing mono
graph (Geodynamic investigations on the terri
tory of Bulgaria. Investigations of the Kroup
nik-Kresna region related to the 1904 earth
quake, Reports of Geodesy) was edited by the 
Warsaw University of Technology (Poland) in 
2000. In this publication attention is paid to the 
new seismotectonic data obtained for the area 
of SW Bulgaria. The present study concerns the 
most hazard earthquake zone on the Bulgarian 
territory well-known as Strouma (or K.resna
Kroupnik) zone (Fig. 1 ). The team has done a 
big amount of geological and geophysical field 
observations during the period 1997-2000 per
forming the Bulgarian part of the scientific in
vestigations in the Project "ASPELEA" which is 
a part of COPERNICUS program of European 
Union. The results obtained are reported in the 
sessions of different national and international 
scientific meetings and symposia. In the present 
paper the elements of the seismic regime that 
have relation to the practical solutions con
cerning the seismic hazard and estimation of 
the seismic risk have been considered. 

Roumania 

Turkey 

Fig. l . Location of the studied area 
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Seismicity 

The zone under investigation is a part of Fore
Rhodopian region where the strongest seismic 
event in SE Europe occurred on 4 April 1904 
with magnitude 7.5 as it is determined in Pasa
dena (rpnropoBa, rpHropoB, 1964). The mag
nitude value is indicated in some catalogues as 
of 7.8 (Catalogue of Earthquakes, 1974) and 
some of the latest investigations give a reason 
two consecutive seismic events to be consid
ered, with magnitudes 7.2 and 7.8 respectively. 
The problem of the exact seismic event epicen
ter location is also not enough clarified. The 
biggest destruction and human victims accord
ing to the macroseismic data are concentrated 
in the area of town of Pehchevo (now in Former 
Yugoslavian Republic of Macedonia). As a 
possible epicenter locality for the main events 
and most of the aftershocks is considered the 
Kroupnik-Pehchevo-Kochany line (rpnro
poaa, rpnropOB, 1964) which in general coin
cides with the Kroupnik fault. That fault was 
also a source zone for the 1932, 1949, 1950 and 
1953 earthquakes with more moderate magni
tudes. 

The macroseismic map from 04.04.1904 
earthquake (Fig. 2) shows the impact of this 
earthquake (or earthquakes) on the area of in
tensity between X and VIII degrees MSK -64. 

An experiment for applying of geostatistical 
method (Marepou, 1968) for macro-seismic 
data interpolation has been performed in this 
study. The geostatistical method uses detailed 
variogram analysis for establishment of internal 
relationships of the data and a procedure called 
kriging as a best unbiased interpolator for irreg
ularly situated data points. 

The 68 macroseismic data points corre
sponding to existing villages at that time on a 
territory of about 700 km2 have been used. Due 
to scarce population at that time, the data 
points are irregularly dispersed, and the biggest 
number of them is situated on the northern and 
central parts of the densely populated territory. 
Nevertheless, the method permits to make data 
processing of points with different density. The 
histogram shows that the used intensity data are 
from 6 to 10 degrees (MS) and the mean is 8.5 
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1 g. 2. Isoseist map of the earthquake from April 4'h, J 904 (according to Grigorova, Grigorov, 1964) 

;ith standard deviation of 0.978. The variogram 
nalysis marks a weak geometric anisotropy of 
' ta variations to the East. 

The final map (Boykova, Nikolov, 1999) 
demonstrates the general tendencies of the 

acroseismic field (Fig. 3). According to this 
approach, the macroseismic field analyses 
how that there is no impact of the local physi
al ground properties and of the detail struc-

ture conditions. This is particularly important 
for the epicentral area. Faraway from this re
gion the main fault structures - Maritsa Fault 
Zone and East-Vardar Fault Zone have signifi
cant control on the masro-seismic field. 

The maps of the seismicity were designed out 
on the base of the existing seismic catalogues -
Catalogue of Earthquakes. 1974, UNESCO, 
CSEM European - Mediterranean hypocenters 
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Fig. 3. Geostatistical reconstruction of the isoseist map of April 4th, 1904 Kroupnik Earthquake (according to Boykova, 
Nikolov, 1999) 

data file (1979-1985), ISC (1964-1981). 1982. 
Catalogue of International Seismological Cen
tre. Edinburgh; Newbury, England, World's hy
pocentres data file (1939-1985) 1986. USGS -
NOAA, USA, World's hypocentres data file 
(1885-1995) 1996. USGS - NOAA, USA and 
the existing catalogues data in the Geophysical 
Institute and the Laboratory of Seismotectonics 
in the Geological Institute, BAS. 
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The total seismicity registered since the end of 
the 1866 up to the end of 1997 in the area of the 
SW Bulgaria is reflected on the map, plotted on 
Fig. 4. All the seismic events are shown propor
tionally according to their magnitude by circles in 
a scale indicated in the legend on the maps. The 
most important indication in the map is the sift
ing down of the hanging NW wall of the Kroup
nik. fault which crosses Strouma fault fone. 



o · 

I 

aoo 

Fig. 4. Total seismic events epicenter map in the SW Bulgaria for the period 1886-1997 
(historical and instrumental) 
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Active faults 

The fault map (Fig. 5) is designed on the base of 
the all published information which is addition
ally filtered and interpreted after new field ob
servations performance and a data interpreta
tion in a collaboration with the leading geolo
gists from the Geological Institute. It was 
drawn using the basic information from the 
sheets of the Geological map of Bulgaria in 
scale I: 100000 (Zagorcev, 1989; Zagorcev, Din
kova, 1989, 1991; Zagorcev, Ruseva, 1991; 
Zagorcev eta!, 1991; Dimitrova, Katskov, 1990; 
Katskov, Iliev, 1990; Kozhuharov, Marinova, 
1991; Marinova, 1991; Marinova, Katskov, 
1990; Marinova, Zagorcev, 1990). Additionaly, 
the papers on the tectonic structure of the SW 
Bilgaria are used (Zagorcev, 1969, 1990, 1992; 
3aropYeB, 1970, 1971; 3aropYeB H .up. 1974; 
Bpb6J1HHCKH, 1969, 1970, 1974, 1977; Vrablian
ski, 1972, 1974; Bpb6J1HHCKH, MHnes. 1973; 
oOH.ll)J<Hes, 1972; fpHroposa H .up. 1966; HrHa
TOBCKH, 1968; MOCKOBCKH, 1969; MOCKOBCKH, 
reoprHCB, 1970; HeHOB H .up. 1972; HHKOJlOB, 
1994; Tionoa, 1963; CTo.SIHOB H .up. 1974; 51pa
HOB, 1960). For the part of the map concerning 
the territory of the Former Yugoslavian Repub
lic of Macedonia a map and a monograph of 
Milan Arsovski (Arsovski, 1973; ApcoscKH, 
1997) are used. 

Contemporary tectonic stress field 

There are some reasons to be supposed that 
during the earthquakes in 1904 one of the main 
faultings was realized along the Kroupnik fault 
wich caused even surface rupturing. Clear indi
cations of that process could be seen in the area 
to the East of Kroupnik village. There are still 
some traces of tectonic movements (tectonic 
striations). A careful observation and analysis 
of the striations showed that they reflect the last 
movement which occurred on the later out
cropped fault surfaces. Investigations were per
formed (Shanov, Dobrev, 2000) in conditions of 
an initially accepted work hypothesis - that 
those tectonic deformations could be consid
ered as a result of a faulting process in the epi
central zone of the Kroupnik earthquake oc
curred on 4 April 1904. They allow to be indi-

rectly reconstructed the tectonic stress field in 
which the basic seismic process progressed. 

The tectonic stress reconstructions were per
formed by using a methodology based on the 
kinematic characteristics of the movements on 
the rock block bounding surfaces. They can re
veal during the fracturing and fault formation, 
or when the older rupture orientations can fa
cilitate the relative movements of the adja
cent blocks under conditions of one younger 
tectonic stress field. Normal principal tectonic 
stress orientations could be reconstructed by 
mezostructural analysis which uses a concep
tion about the relation between movement on 
shear cracks and tectonic stresses (Ramsay, 
1980; Gamond, 1983). The basic work hypothe
sis (well-known as Wallace-Bott hypothesis -
Angelier, 1994) says that if there is a realized 
movement and the system "stress<=> rupture" is 
considered independently from the environ
ment then the fixed relative movement should 
be parallel to the shear stress and to have the 
same orientation like it. 

The program FAULT of R. Caputo devel
oped in 1989 (Caputo, Caputo, 1989) works in 
DOS environment and allows to perform the 
analysis by using PC-AT and all the more new 
compatible systems. There are three possible 
procedures for principal stress axes reconstruc
tion by using of data from measurements of the 
space orientation of the striations on the slick
ensides and the type of the movement a long 
them (Right Dihedron Method, Method of P 
and T axes, Last Square Method). 

Clear traces of Kroupnik fault movements 
were found in four fault plane outcrops. They 
could be irrefutably considered as the youngest 
ones and probably related with the faulting oc
curred during the earthquakes in 1904. The re
construction of the tectonic stress field deter
mining the type of faulting give very similar so
lutions by methods RDM and PfT in each 
point. The minimum stress axis (cr

3 
- tectonic 

extension) is oriented in each point closely to 
the normal to the corresponding fault plane. 

To be determined the regional orientation of 
the tectonic stress field principal axes, accept
ing the hypothesis that the movements were si
multaneous during the earthquakes, the all data 
from the four outcrops where the measure
ments of the tectonic striations orientations 

F ig. 5. Main active faults map in SW Bulgaria: I - Strouma fault Zone; 2 - Kroupnik fault; 3 - West-Ril a fault zone; 
4 - West-Pirin fault zone; 5 - Predela fault; 6 - East-Pirin fault zone: 7 - Bachevo fault; 8 - Yundola fau lt; 9 - Osenovo
Ribnovo fault zone; I 0 - Dospat fault 
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Fig. 6. Reconstruction of the principal axes of the tectonic stress field in the investigated section of the Kroupnik fault 
(summarized solution from all slickensides) 

have been made, were summed up. As a result 
for the regional stress field principal axis recon
struction was designed a diagram which shows 
that the total average solution is: o1~ 83°/32°, 
o2 ~ 184°/9° H o

3 
~ 281 o/37°. The last solution 

is a result of an averaging of the solutions ob
tained by the methods RDM and P{f. The stan
dard deviation for the both method solutions is 
acceptable and it could be considered as rela
tively small for the RDM method (Fig. 6). 

The result of the tectonic stress field princi
pal axis reconstruction could not be directly 
simply compared with the solutions given by 
the already published reconstructions of some 
lower magnitude earthquake source mecha
nisms in the area occurred in the last 20 years 
(Georgiev, 1988; Solakov, Simeonova, 1993). 
The reason is that the earthquake mechanisms 
with a magnitude ranging between the values 
3.0 and 5.0 are strongly controlled by the active 
fault net configuration (Kurtev, 1995). 

2D Model of the Local Stress 
Field distribution around 
the faults in SW Bulgaria 

The local stress field modeling is made on the 
base of the common analysis of the active faults 
and the regional stress field trough the Method 
of Boundary Elements (Kurtev, 1993). As are
sult of the performed analysis, the regional 
stress field for the model was accepted as 
uniaxial compression (o = I 00 MPa) with a 
direction E-W. The mostexpressive anomalies 
in the field of stress redistribution are in the 
area of NE part of Kroupnik fault. 
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The maximum shear stress 't (Fig. 9) in that 
area is characterized by both maximum values 
in the range of 75 up to 80 MPa and a rapid 
field gradient values (+50 - I OOMPa). In the 
same location they are accompanied by rela
tively low values of minimum principal stress 
o . ( -20MPa), followed by a precipitous gradi
ent zone of o . (Fig. 8) to the SE, taking values 
of 0 to -200 ~~a. In the NE part of the Kroup
nik fault the maximum principal stress cr 
shows a local maximum of+ 150MPa. This area 
has a very interesting position in respect of its 
stress state. It is characterized by low values of 
o , (Fig. 7) direction of o perpendicular to 
thmellltKroupnik fault and inmthe same time ex
tremely high 't values. These characteristics 
make possible Strike-slip fault displacements, 
complicated by overthrusting in that locality. 
The considered local stress redistribution gives 
a good explanation of the high seismic activity 
observed in the area and the o direction ex
plains some overthrust earthquakes mecha
nisms occurred in the considered local area. 
The origin of that anomalous zone could be ex
plained as an effect of dynamic interaction of 
Kroupnik fault, Predela fault and West Rila 
fault zone resulting in right reverse-slip (scis
sure) fault displacements. 

Another well-manifested anomalous zone 
could be seen to the SW direction from the SW 
end of Kroupnik fault. It is marked by a wide 
precipitous gradient zone of 't (from 5 MPa 
up to 200 MPa), where o hasa relative mini
mum of 10 MPa, and o ~a\hows a gradient in 

mtn 
range of - 10 MPa to + 75 MPa. That zone 
could be also characterized as a zone of good 
conditions for shear stresses accumulation and 
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_ . Idealized fault scheme in SW Bulgaria and 2D model of local am,. distribution calculated by Boundary Element 
:hod . The values given along the isolines are normed by dividing on the regional stress value (100 MPa) 

lize. The epicenter of the strongest earth
-~ke occurred on the Balkan Peninsula on 4 

ril 1904 is located in the same zone. 
·A well -defined area of minimum values of 

- , cr and cr . could be seen clearly in 
111 n< miM, 

rth P1rin mountam (the Northest part of the 
bordered by Predela fault and West Pirin 

:- ult zone). These are typical characteristics of 
· area in a continious deformation of uplift

=· The last one is with a good agreement with 
:.:e existing data concerning the contemporary 

· placements. 
There is a positive 't . anomaly ( +40 MPa) 
ong Predela fault. This· combination with the 
· imum of cr (+2 MPa) and cr . (-150 

_ £Pa) explains ~~~y well its right latePal strike
- · p faulting, complicated by a strong normal 
- ulting. The presence of tangential displace-
~ ents according to the geological data is obvi 

sly confirmed by some earthquake mecha
- ·sms here which shows strike-slip displace

ents. 
A positive anomaly of 'tmax (50 MPa) is situat

~ along the Southern part of Bachevo fault 

which is accompanied by both minimum cr ax 

values ( + 5 MPa) and a negative cr . anomaly 
moQ 

( - 150 MPa) . They give an explanatiOn of the 
increased seismic activity in the region of town 
of Bansko, as well as the normal faulting dis
placements complicated by strike-slip move
ments, which are manifested by some of the 
earthquakes occurred here. 

There is also a well-manifested zone in the 
most East part of Predela fault in the area of its 
junction with East Pirin fault zone. Here the 
maximum value of 't is - 50 MPa, and the max 
values of cr and cr . are - 6 MPa and -5 MPa 

ma~ m1n 
respectively. 1 his is m a good correspondence 
with the low magnitude seismic activity pre
sented in the same location. 

The stress field along Osenovo-Ribnovo fault 
zone is much more complicated. The effect of 
the interaction between Osenovo-Ribnovo fault 
zone and Yundola fault could be noted very 
clearly here. They interact laterally and, as a 
result occurs a complicated specific stress field 
redistribution. Along the Osenovo-Ribnovo 
fault zone there is an alternation of negative 
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Fig. 8. Idealized fault scheme in SW Bulgaria and 20 model of local a min distribution calculated by Boundary Element 
Method. The values given along the isolines are normed by dividing on the regional stress value (100 MPa) 

and positive anomalies of a . , i.e. a minimum 
of -200 MPa in the most NW part of the Ose
novo-Ribnovo fault zone, followed by a maxi
mum of + 20 MPa in its middle part and then 
by a minimum of -150 MPa. It is a good pre
sentation of blocked shear displacements in the 
middle part of the Osenovo-Ribnovo fault zone 
caused by its interaction with Dospat fault. 
That fact explains well the concentration of 
seismic events in the middle - SE part of the 
Osenovo-Ribnovo fault zone. There are not 
seismic activity along Dospat fault , because of 
the presence of an expressed maximum of crmax 
( + 200 MPa), cr m:" direction is perpendicular to 
the same fault and a . has values about + 30 
MPa. 

tnll1 

The higher seismic activity in the area of 
bending of the West Rila fault could be ex
plained well by the local maximum of 't 

max 
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(+ 20MPa) and the low values of crm·•• (+ 2MPa) 
and crmin (-50MPa). Here a ·x has also a direc
tion perpendicular to West~ila Fault. 

Blocking of the displacements could be ex
pected in area between West Pirin fault zone 
and N -S oriented fault in Kresna gorge to the 
Souht of Blagoevgrad . 

Paleoseismological findings 

The seismotectonic characteristics determined 
for the West periphery of Rhodope Mountain 
show that it is an area with a considerable seis
micity which caused very strong effects on both 
people and environment. Some of the 1904 
earthquake influences lead to lasting relief 
changes, changes of Strouma river bed, rock 
formations and landslide reactiva tion. All that 



--:- 9. Idealized fault scheme in SW Bulgaria and 20 model of local 't . , distribution calculated by Boundary Element 
l.krhod. The values given along the isolines are normcd by dividing o~· the regional stress value (I 00 MPa) 

!fOup of heavy effects is extremely dangerous 
: r the existing and future transport construc
:ions, gas and oil pipelines, etc. In some cases 
:be constructions design is made without taking 
::.ro account the seismotectonic characteristics. 
:\s a rule in similar regions, there is no kept lo
cal population historical memories for the lo
;:alities of biggest seismotectonic changes of the 

ndscape. That is why paleoseismological in
· tigations are ones and only which could al
w to be reconstructed at least a part of the 

history of the realized surface faulting process. 
As an example, after the 1904 event there is 

mentioned an earth surface rupturing across to 
me Strouma river bed and formation of a 2 m 

·gh barrage which later led to a small lake for
a ation . At present days there are no any indi
cations for the exact place of that phenomena. 
As a rule such a faulting has deep source and 
illects enduringly in depth the basic rock but 
:he transport of the alluvial sediments into the 
· 'er bed cover up relatively fast its surface 

·:-aces. Nevertheless, in case of any construe-

tion works design in the future that fact should 
be taken into account and an eventual funding 
in near to the surface rupturing zone should be 
avoided. 

Following the remaining traces of the surface 
rupturing along Kroupnik fault it was located 
the most probable terrain near the contempo
rary river bed, where the barraging took place. 
Vertical electrical sounding was performed us
ing 4-electrodes Shlumberger array of maxi
mum length AB/2 = 70 m. The aim was the de
tecting of traces of the rupturing under the al
luvium cover. This cover is composed by alter
nation of sandy clays, sands and gravel with 
electrical resistivity from 20-30 Om, up to more 
than 1500 Om. 

The presented block-diagram (Fig. I 0) shows 
the result of the interpretations, firstly present
ed at the Second Balkan Geophysical Congress 
in Turkey (Shanov et al., 1999). The clear dif
ference between the YES curves type from the 
opposite sides of the expected fault remains in 
the river bed permits to postulate the existence 
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Fig. I 0. Block -diagram with the results from the geo-electrical investigation on the Strouma river nood-plane terrace 
near the village of Kroupnik: I - sandy-clay layer (0- I 00 Om); 2 - sandy-gravel layer (I 00 - 400 Om); 3 -gravel layer 
(> 400 Om); 4 - granite (> 400 Om); 5 - fault; 6 - probable trace of the surface faulting during the April 4'h, I 904 
earthquake; 7 - point of vertical electrical sounding (YES) 

of two steps of normal faulting. The SE part of 
the geo-electrical profiles is presented by alter
nation of layers with different electrical resistiv
ity due to the different alluvial materials -sand, 
sandy clay and gravel. The same layer alterna
tion is deeper from 3 m (profile III) to about 5 
m (profile I) at the NW side of the fault trace. 
A layer of gravel with electrical resistivity more 
than 400 nm, covering the probable paleo-soil, 
has been deposed over the subsided block. This 
type of sedimentation is normal for the inner 
side of barraged river bed. This result could be 
used as the first step towards more detailed 
quantitative determinations in the future of the 
real surface deformations during the April 4, 
1904 Kroupnik Earthquake. 

Conclusion 

The intensive present-day seismic activity of the 
Kroupnik area concentrates in a high order re
searchers' interests and efforts especially to 
that area. The results obtained are significant 
for the needs of simi lar investigations even in 
the zones where the seismicity is considered to 
be well -studied. Paleoseismological investiga-
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tions is necessary to be performed for particu
lar seismic hazard estimations whereas possi
ble. In such a way the graphics of the earth
quake time recurrence will be specified in its 
strong earthquakes part and thus the seismic 
risk calculations could be made with a better 
accuracy. 

As an important conclusion for the concerned 
area it could be pointed out that the concentra
tions of seismic events are closely related to two 
types of local stress field anomalies: 

I. high values of 'tmax' and low values of crmax 

and cr . • 
f1"11fl' 

2. h1gn gradient zones of 'tmax and crmin and low 
values of cr • 

The seco~d conclusion is obvously confirmed 
by the presence of a large number of low mag
nitude earthquakes in the SW block of the 
Kroupnik fault occurred here in the period 
1995-1999. 
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