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Engineering geological conditions in the Sofia 
Kettle and consequences from the earthquakes 

Plamen Ivanov 

Introduction 

The historical review of the seismic activity 
hows that strong earthquakes with destructive 

effects took place in the Sofia kettle. There are 
data for the display of sufficiently powerful 
seismic events in the Sofia zone that had been 
reflected in historical documents as early as in 
the XV century. Four strong earthquakes 
occurred in this region during the period from 
the beginning of the XIX century till now that 
caused significant damages, the most powerful 
one being in 1858 (intensity of IX degree 
according to the MSK-64 scale and magnitude 
of about 6.5-7.0). 

According to the seismic zoning of Bulgaria 
for a period longer than 1000 years and average 
engineering geological conditions, the kettle 
fa lls entirely within a region with expected in
tensity of IX degree according to the MSK-64 
scale with a seismic coefficient K =0.27 (Boncev 
et al., 1982; Norms for ... , 1987): 

The engineering geological characteristics of 
the Sofia kettle are the basis for determining the 
influence of the soil conditions on the effects of 
the seismic activity. Complex geological
geophysical investigations were carried out in 
the Sofia kettle during the period 1967-1970 in 
connection with the seismic microzoning of the 
territory of the Sofia City and the Sofia basin. 
On the basis of the engineering geological 
studies and the micro-seismic investigations 
(Petkov, Christoskov, 1965; Demirev et al., 
1971; Petrov, Iliev, 1971), the first attempts for 
preliminary seismic micro-zoning of the Sofia 
City and its surroundings were made, which 
were applied in practice too. The coefficient of 
variation of the seismic intensity is calculated 
according to the formula of Medvedev, the 

parameters of the monzonites and syenites of 
the Vitosha pluton being considered as 
reference ones. The values of this coefficient 
reach up to 3, and for the most unfavorable 
ground conditions- even to 3.5. 

Geological environment 

The Sofia kettle is one of the inter-mountain 
graben kettles, formed in the Sredna Gora geo
logical structure. It is separated by the sur
rounding mountains by a complicated normal 
fault system (Dimitrov et al., 1960; Ilieva, 
Jossifov, 1998; Shanov, 1998; Zagorcev, 1992). 

Diverse rocks of Paleozoic and Mesozoic age 
are observed in the surrounding framework of 
the Sofia kettle. These are mainly sandstones, 
conglomerates, breccia, limestones, andesites, 
marls, etc. The Quaternary sediments are most 
widespread at the surface, followed by the 
Pliocene sediments. The lithostratigraphic dis
tribution of the Neogene sediments (gravel, 
sands and clays) in the Sofia basin includes the 
Variegated Terrigenous Formation and the 
Sofia Group, comprising three formations -
the Gniljane, Novi Iskar and Lozenec Forma
tions (Kamenov, Kojumdgieva, 1993). The 
Quaternary sediments are represented by the 
alluvial deposits (sands and gravel) of the rivers 
flowing through the kettle, by proluvial and 
deluvial deposits along the periphery of the 
kettle and by brown clays and black clays 
(smolnitsa) in its central part. 

Two types of neotectonic movements -
oscillatory and seismic, with opposite signs, 
have been established on the basis of morpho
logical and geological analysis and seismic 
observations (Kanev, 1963). The general trend 
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in the region of the Sofia kettle is the rising of 
the surrounding mountains and the sinking of 
the kettle itself. 

The strongest earthquakes within the range of 
the Sofia kettle had magnitude M = 6.5-7.0 and 
a depth of up to 10-15 km. The fault zones in 
the southern border of the graben (Bankya, 
Gorna Banya, Ovcha Koupel, Pancharevo) and 
the central part of the Sofia City are the regions, 
where the epicenters of the stronger earth
quakes have been concentrated (Petkov, Chri
stoskov, 1965; Solakov, Simeonova, 2000). The 
events occurring outside the kettle in its 
immediate proximity are mainly weak to mode
rate with a magnitude lower than 5.0. 

The physico-geological processes (landslides, 
soil settlement, clay swelling, suffusion and 
erosion processes, shallow ground water etc.) 
aggravate the engineering-geological properties 
and increase the reaction of the near-surface 
zone of the geoenvironment under seismic ac
tion. The technogenic activity has caused a lot 
of geoenvironmental changes, engineering and 
hydrogeological effects in the Sofia kettle 
(Berov 1995; Berov, Ivanov 1995; Frangov, Do
brev, 1991; Dobrev, Frangov, 1999). 

Engineering geological conditions 
of the Sofia kettle 

The diverse lithological varieties in the Sofia 
kettle can be classified in engineering geological 
rock types depending on their genesis, the pri
mary and secondary structural bonds between 
the mineral aggregates, the subsequent changes, 
the stability to external impact, the strength, the 
deformability and water impermeability. 

Two regions are distinguished in the Sofia 
kettle - one characterized by rocks with strong 
structural bonds (magmatic and sedimentary 
precipitated and mechanically precipitated 
coherent sedimentary rocks) and another with 
mechanically precipitated incoherent (cohesive 
and cohessionless) sediments. 

Geomechanical model of the depth type 

The Sofia kettle can be schematically repre
sented as a two-layered massif, its base being 
built of hard elastic rocks of high bulk density 
and seismic wave velocity (bulk density of 2.55-
2.65 gjcm3 and Vp = 5000 mjs). Neogene and 
Quaternary sediments (clays, sands and gravel) 
fill in the basin on top. They have lower para
meters (Vp = 1800-2000 mjs and average bulk 
density 1.93 - 2.0 gjcm3

). 
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Three velocity layers can be distinguished in 
the sedimentary complex (Neogene and Qua
ternary sediments) on the territory of the town 
of Sofia - a top one with a depth of 3-4 m 
(depending on the ground water level) with a 
velocity of the longitudinal waves of 300-400 mj 
s; an intermediate one at a depth of 15-90 m 
and a velocity of 1300-1800 mjs and a lower one 
with a velocity of 1850-2100 mjs. The velocity of 
the longitudinal seismic waves distribution 
sharply increases from 1850-2100 mjs to 4800-
5200 mjs at the boundary be-tween the Neogene 
sediments and the basement (Demirev et al. 
1971; Ivanov, 1997). 

Surface geomechanical models 

The upper part of the sediment complex filling 
the kettle is used as the construction base in the 
Sofia basin. One of the substantial factors 
determining the destructive effect of the seismic 
waves is the lithological composition and the 
physico-mechanical properties of these depo
sits. The complex geological-geophysical in
vestigations carried out in 1967-1970 in conne
ction with the seismic micro zoning of the 
territory of the Sofia City and the Sofia kettle 
showed the existence of a rather significant 
horizontal and vertical inhomogeneity of seis
mic wave velocity with depth (Ilieva et al., 1998; 
Paskaleva, 2002). 

The schematization of the engineering 
geological conditions in the region of Sofia 
provided the grounds to distinguish seven 
engineering geological models, unifying similar 
engineering geological conditions and layer 
properties, typical for single parts of the con
sidered territory (Fig. I, 2). The basic criteria in 
defining them are the morphology of the 
terrain, the genesis, composition, state and 
properties of soils from the surface zone, depth 
of the groundwater table. The most shallow 
groundwater level was assumed as the compo
nent part of the models when taking under 
consideration the different depth of the ground
water table in the different places in the kettle 
since it is the most unfavourable factor for the 
seismic wave distribution - in water-saturated 
geological medium. The established sharp 
rising of the longitudinal seismic wave velocity 
from 300-500 to 1500-2100 mjs and sometimes 
more, when reaching the groundwater level 
during the performed seismic torpedoing in the 
period 1967-1969, had been summarized and 
taken into account by the composed models 
with averaged values. Such average values from 
the statistical processing of the physico
mechanical parameters have been determined 
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~ _ I . Zoning of the Sofia kettle according to the types of engineering geological structure of the surface zone 
~mechanical models) 

-Model I: cohesive sediments- silty and sandy clays, 1N
2
; 2- Model II : cohessionless sediments- silty and clayey 

s:z:nds, clay and gravels, 1N2; 3 - Model III: proluvial deposits - gravels, boulders, sandy clay, prQ; 4 - Model IV: 
uvial deposits -high river terraces, aQp; 5 -Model V: alluvial deposits- river Iskar terraces, aQp; 6 - Model VI: 

vial deposits - low river terraces, aQ(p-h); 7 - Model VII: technogenic soil, tQh; 8 - lacustrine deposits, lQh; 9 -
k basement 

119 



Model I - Cohesive sediments -
silty and sandy clays - IN

2 

Model IV - Alluvial deposits -
high river teraces, aQp 

Model II - Cohesionless 
sediments - IN

2 

Model V - Alluvial deposits -
river Iskar terraces, aQp 

30.0 

clay and sand. 1.94 1650 
N, 

Model VII - Technogenic soil, 
tQh 

Model III - Proluvial deposits, 
prQh 

Model VI - Alluvial deposits -
low river terraces, aQh-p 

Fig. 2. Geomechanical models of the surface zone in the Sofia kettle 
GWT- natural ground water table; P.- bulk density; Vp- velocity of the longitudinal waves 

for the bulk density too, which characterizes the 
single engineering geological varieties mainly of 
the Quaternary and the Pliocene. 

Conclusions 

The contemporary state of the geological 
environment in the Sofia kettle has been 
evaluated from the viewpoint of the seismicity 
in the region. The influence of the geological 
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features of the Sofia kettle and the existing 
physical-geological processes on the increase of 
the seismic activity and the display of different 
secondary seismogenic deformations and de
struction under strong earthquake conditions 
have been considered. 

The investigations carried out prove the great 
diversity and variability of the engineering 
seismic-geological conditions of the lithological 
species filling the Sofia kettle. 

A map has been developed for the different 



engineering geological types of the lithological 
species depending on their reaction to seismic 
impact. 

The obtained results can be useful for solving 
problems connected with the seismic stability of 
the soil base as well as for further detailed and 
large-scale engineering geological investiga
tions for construction purposes, seismic and 
ecological assessments of the Sofia kettle or 
parts of it, etc. 
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