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M. JfJIUeBa, c. CJiaBOB, r. ra6pUllOIW, B. L(RemaHOBa -
BepmuKa.nbHbte cKopocmHbte pa3pe3bt npunoBepxHocm
Hou ttacmu CorjmucKozo zpa6eHa. Ilpose)leHO uccne)lo
BaHMe fl0flji CKOpOCTeH CeHCMMlJeCKMX BOflH BepXHOH 
lJaCTM reonorulJeci<oro pa3pe3a ueHTpanbHOH lJaCTM Co
qmlicKoli )lenpeccuu. 

I1cnonb30BaHbi )laHHbie, nony<teHHbie npu M3MepeHim 
B Herny60KI1X CKBa)lmH (.UO 50 m) MeTO.UOM o6paTHOf0 
~mKpocelicMOKapoTa)!(a (MMKpocewcMoTopne.uMpoaa
HHg). Pe3ynhTaTbi npe)lcTaaneHbi 12 aepTMI<anbHbiMM 
CKOpOCTHbiMH pa3pe3aMM, 6 113 KOTOpblX MepM)li10Haflb
Hble H 6- umpoTHbie. Pa3pe3bi cocraaneHbi c noMOI.l\biO 
nporpaMM CMCTeMbi Linux. AHanM3 nony<teHHOH 11Hcjlop
~~auuu no3aonun c)lenaTb cne)lyiOIUMe BbiBO.Ubi: none 
CKOpOCTeH xapaKTepM3yeTCji O'ieHb CflO)!(HOH CTpyK
TypOH, npM4eM 3Ha<teHMH CKOpOCTeH M3MeHHIOTCH KaK no 
aepnti<anM TaK 11 naTepanbHO; MepM)lMOHanbHbie npo
cjJI1nM B CpaBHeHMM C UJMpOTHbiMM OTflM<taiOTCH 6onee 
pa3H006pa3Hb!M CI<OpOCTHb!M pacnpe)leneHHeM, XOTH B 
o6oux cny'laHx none CKopocTeH Ha TeppwTopww CocjJ1111 
CaMOe CflO)!(HOe; M3-3a 3HalJHTenbHOH naTepanbHOH 
113MeH'lMBOCTI1 cKopocreH O)lHOTHnHbiX nopo)l TPYJlHO 
Bbi)lenMTb cKopocTHbiX cnoea, acne)lCTBMe lJero ocyme
CTBI1nocb rpynnupoaaHwe cKopocrew B 5 MHTepaanos 11 
pa3,Uenemte pa3pe30B B COOTBeTCTBHI1 C 3TI1MH MHTep
sanaMM; TpaCCHpOBaHbl pe)l TeKTOHMlJeCKMX HapyrneHMH, 
lJaCTb KOTOpbiX MMe!OT ycnOBHbiH xapaKTep. 

Ilony<teHHbie pe3ynhTaTbi MMeiOT 3HalJeHMe np11 
perueHHM 3a)lalJ MMI<pOCeHCMM'leCKOfO paHOHMpOBaHMH 
cewcMoonacHbiX 30H aT. 4. CocjJMHCKOH KOTnOBMHbi. 

Abstract. An investigation of the field of seismic waves 
velocity in the uppermost part of the geological section 
in the central part of the Sofia valley has been performed. 
Data, obtained at observations in shallow boreholes (down 
to 50 m), have been used by applying the method of uphole 
shooting. The results are presented in the form of 12 ver
tical velocity cross-sections, from which 6 are with west
eastward and 6 - south-northward directions. The sec
tions have been composed using computer programs in 
the system Linux. Analyzing the information obtained 
the following conclusions have been drawn: the velocity 
field is characterized by a too complex structure, the val
ues of the velocities varying both in a vertical and lateral 
direction; the profiles with south-north direction have 
more varied velocity distribution in comparison with the 
profiles with west-east direction, at that for all profiles 
the velocity field on the territory of the city of Sofia is 
more complex; because of the strong variability of the 
velocities in horizontal direction, velocity layers cannot 
be traced, which made necessary the velocities to be 
grouped in 5 intervals and the sections divided according 
to these intervals; disturbances, some of which are of con
ditional character, are traced. 

The results obtained are important for the seismic 
microzoning of seismically dangerous regions such as 
Sofia valley. 
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Introduction 

The uppermost part of the sedimentary com
plex, composed of Neogene and Quaternary 
deposits, is of great importance for the earth-

quake resistant building in the city of Sofia 
and its vicinity. In this respect the seismic 
waves propagation velocity is among the main 
characteristics of the rocks. This important 
parameter for the seismic microzoning of 
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earthquake regions, as the Sofia valley, is 
treated in a few publications. In the work of 
Petkov and Christoskov (1963/64) data on 
velocities of the seismic waves of samples from 
characteristic rocks in the Sofia valley and 
mountain Vitosha, determined in a labora
tory, are presented. All remaining publications 
are based on velocity information obtained 
from seismic investigations in shallow bore
holes (the only ones until now), carried out in 
the period 1967-1969 for the purposes of the 
seismic microzoning. In the paper of 11eTKOB 
et al. (1970) the presence of an abrupt veloc
ity boundary is noted, which coincides with 
the level of the ground waters, thus separat
ing an upper zone of low velocities (300-400 
m/s) from a lower high-velocity zone (1700-
1800 rn/s) . )J,eMMpeB et al. (1970) differentiate 
three velocity layers in the central town part 
of Sofia: upper, with mean thickness 3-4 m 
with a velocity 300-400 rn/s; middle, with thick
ness 15 m in the north-west section and 80-90 
m in the south-eastern section with a velocity 
1300-1850 rn/s; lower, with a velocity 1850-2100 
m/s. The velocity distribution in the sediment 
complex is also considered in the paper of 
Ivanov (1997). 

A more complete and detailed velocity char
acteristic of the near surface part of the geo
logical section of the Sofia valley has been 
made in the following publications. Thus in 
the work of Ilieva et al. ( 1998) the velocity dis
tribution in the form of maps about depths 5, 
10, 20, 30 and 40 m from the ground surface is 
given. HnMeBa, CnaBoB (2000) display maps 
of the depth of the low-velocity zone (above 
water level) and of the velocity distribution 
under it. In the publication of Hn11esa, 
CnaBOB (2001) the composed maps of the earth 
surface velocity distribution and of the lower 
boundary of the low-velocity zone are ana
lyzed. The inner structure of the zone of low 
velocities is also considered. In the last three 
publications the velocity distribution is pre
sented along different surfaces - at definite 
depths or connected with the upper and lower 
boundaries of the low-velocity zone. For the 
fuller characterization of the velocity field in 
the near surface part of the geological section, 
which is of importance for the seismic 
microzoning, it is expedient to create vertical 
velocity sections. This is the task of the present 
publication. 
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Geological setting 

The geological knowledge concerning the 
Sofia valley, including its frame, Pre-Neogene 
fundaments and Neogenic sediments, is com
paratively good. There is a considerable num
ber of literature sources, presenting results of 
geological, geophysical, engineer-geological 
and hydrogeological investigations. As the 
present work refers to distribution of the phy
sical parameter velocity of the seismic waves 
only for the uppermost part of the geological 
section, herein some of the main geological 
characteristics of the period under consider
ation will be presented in brief. 

The Sofia valley is situated in the subsided 
part of the Western Srednogorie. It is consid
ered as a complex asymmetric graben, sepa
rated from the nearby mountains by a system 
of fault structures. The development of the 
valley is characterized by great intensity of 
neotectonic movements, which have created 
a complex tectonic picture. 

The basement of the valley is definitely of a 
block structure. One of the recent publications 
presenting the structure of its upper part on 
the basis mainly of results from geophysical 
investigations and using bore hole data is of 
Ilieva, Iossifov (1998). The basement surface 
is characterized by a strongly variable hyp
sometry of above 600 m to - 700 m compared 
to sea level. The deepest part is a narrow zone 
with a direction northwest-southeast, the ma
ximal depth from the earth surface (1250) be
ing in the vicinity of the town of Elin Pelin. 
Different in rank blocks are established which 
are also separated by different in rank faults 
and fault zones. The rocks building the base
ment and the slopes of the surrounding moun
tains are heterogeneous in petrographic com
position and are of different age. 

The Sofia valley is filled with Neogenic and 
Quaternary sediments. KaMeHOB, KoiOM
JJ.:>KMeBa (1983) determine four litostratigraphic 
units from bottom to top: a variegated Terri
geneous packet and Sofia group, including 
the formations of Gniliane, Novi Iskar and 
Lozenets. 

The uppermost part of the sediment com
plex is composed of Pliocenic and Quaternary 
deposits. Results of investigation of their 
physical-mechanical properties on the terri
tory of the city of Sofia are presented in the 



publication of ileTpoB, I1JIMeBa (1960). The 
influence of the engineering-geological con
ditions on the seismic microzoning of Sofia is 
treated in the work ofPetrov, Iliev (1971). An 
evaluation of the geological and engineering
geological conditions in the Sofia valley, on 
the basis of a review of available literatu-re, 
is made in the work of Ivanov (1997). Accord
ing to the above-mentioned as well as accord
ing to other literature sources the Plio-cene 
and Quaternary sediments in the uppermost 
part of the geological section are character
ized by a variable facies. Their composition, 
properties and thickness strongly change in a 
horizontal and lateral direction. This leads to 
respective changes of the physical properties 
of the rocks, the velocity of the seismic waves 
and density inclusive. 

Initial data and methods 
of investigations 

In order to realize the present investigations, 
data of seismic observations in shallow bore
holes have been used which were carried out 
in the period 1967-1970 (the only ones so far) as 
part of the complex of geophysical, geological 
and hydrogeological studies for the goals of the 
eisrnic microzoning of the city of Sofia and the 

Sofia valley. The situation of the boreholes is 
presented in Fig. 1. For the determination of 
he velocities of the waves the method of the 
uphole shooting has been used. Explosion sour
es placed in the boreholes are used, situating 
hem at a distance of 0.5 m from each other 
own to 15m, every 1m in the interval15-40 m, 

and after the 40 m - every 2 m. The receivers 
are on the ground surface. Longitudinal waves 
are recorded. The results are presented in the 
orm of vertical travel time curves t(z), giving the 
ependence between the travel times of the di
ect (passing) wave and the depth. The data 

are of good quality which predetermines the 
hance for the respective interpretation of the 
·eJocity field. 

Practically all vertical graphs are approxi
mated by broken lines according to which the 
ayer velocity is determined. The initial data 

allow to make vertical velocity sections. 12 pro-
1le lines are selected that cross the territory 
of the city of Sofia from which 6 are with a 

irection south-north and 6 with west-east di
rection (Fig. 1 ). The computer program xmgr 
:or Linux has been used for the composition 

of the vertical velocity sections. It is designed 
for 2D analysis and graphic representation of 
data from scientific-research works. 

For each of the boreholes along the pro
files data about the depth of the boundaries 
between the velocity layers and the velocities 
in them are introduced. Also the level of the 
ground waters for each of the boreholes is in
troduced, and when determining the level po
sition by the profile between them akima spli
ne from the program package xmgr has ben 
preferred. 

The first attempt to make a correlation of the 
layers with the same velocity turned out to be 
difficult for realization. The reason for this is the 
extremely great lateral velocity variability. These 
conclusions are also confirmed by engineering
geological sections composed by other authors 
for the territory of the city of Sofia. This is the 
reason it was necessary to apply another appro
ach when interpreting the velocity field. The 
velocity range was subdivided into the follow
ing five groups: 1 - up to 300 m/s; 2 - 300 (inclusi
ve)- 700 (inclusive) - 1500 m/s; 4- 1500 (inclusi
ve)- 2100 m/s and 5- above 2100 m/s (inclusi
ve). The motivation for this division is the fol
lowing: the first group covers the abnormally low 
velocities. They rarely occur and the precision 
of their determination is comparatively lower. 
The next group covers velocities referring to 
weathering. The third group covers compara
tively low velocities, characteristic for the zone 
of decreased velocities, and the fourth group 
includes increased velocities mainly characte
ristric for water saturated rocks. The fifth group 
refers to . comparatively high velocities. It must 
be pointed out that this division is of conditional 
character. 

An attempt has been made to trace out dis
turbances of a fault type and these are illus
trated on the sections. The location of the fa
ults, also to a certain extent the amplitude of 
faulting, are determined on the basis of the 
following three main criteria: 

a) an abrupt shift along the vertical of the 
level of the marked down velocity boundaries 

b) abrupt relief changes 
c) abrupt change of the water level. 
The accepted methodic approach shows a cer

tain ambiguity in the marking of the fault dis
turbances. This is the reason they are differen
tiated in two groups - reliable and unreliable. 

The accuracy of the built vertical velocity 
sections is connected to a certain extent with 
the density of the boreholes. 
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Results 

The results of the investigation of the velocity 
field are presented in the form of 12 vertical 
velocity sections. The most general review of 
the velocity distribution in a vertical plane con
firms the idea of its complexity, correspond
ing to the varied substance composition and 
facies changes of the rocks. In the predomi
nating number of boreholes velocities within 
the interval 300-700 m/s and 1500-2100 m/s are 
encountered. Velocities smaller than 300 m/s 
as well as larger than 2100 m/s are rarely ob
served. If the velocity distribution is consid
ered with view of the size of sectors, then the 
first place will be taken by the rocks with ve
locities within the interval 1500-2100 m/s. Be
l~w a description of the composed sections is 
given: 
Profile SJ 

The velocity section is demonstrated in Fig. 
2. This is the most western profile with south
north direction. Its start is westwards of Gor
na Banya, and the end - between Voluyak 
and Mramor. At the beginning of the profile 
he zone of weathering up to C202 is missing. 

Here rocks with decreased velocities are pre
sented. In the remaining part of the profile 
he weathering and velocities in the interval 

1500-2100 m/s is traced out. There are sepa
ate sections of decreased velocities around 
oreholes 217, 298 and 234. A layer with de
reased velocities is observed between C215 

and C298, as well as around C234. In this sec-
. on there are no high velocities above 2100 mls. 

In the interpretation of the data four faults 
re marked. At the beginning of the profile, 

· proximity to borehole 105 an unreliable 
ault is traced. Reliable faults are traced out 
lose to boreholes 202, 216 and 234. 

Profile S2 

Its velocity section is shown in Fig. 3. This pro
lle is mainly situated in the western part of the 
·ty territory. The velocity distribution is rather 
omplex and this is determined by the varied 

=eological structure. Here velocities, pertaining 
o the five provisionally accepted groups, are 

established. The velocities strongly change in a 
Yertical and lateral direction, not observing any 

yers, but zones of different sizes and forms are 
outlined. In the vicinity of boreholes 135, 163, 

3, 191 and 354 velocity inversions in a vertical 
irection are noted. 
Near to the surface the velocity is also stron

gly variable in a lateral direction, encounter-

ing abnormally small, decreased and high 
velocities. In the vicinity of boreholes 163, 167, 
173 and 191 a zone with abnormally low ve
locities is traced down. In the vicinity of bore
hole 354, near the profile northern end, a high 
velocity is observed (2500 m/s). This can be 
explained by the fact that the water level is at 
the surface and the rocks are water-saturated. 
Near borehole 197, in the depth interval 8 -
18 m, a body with undetermined velocity is 
observed because of the obtained dissipation 
of the points along the vertical graph. Prob
ably this is a question of complicated geologi
cal conditions. 

Along the profile under consideration five 
reliable faults have been traced. 

Profile S3 

Its velocity section is shown in Fig. 4. In this 
profile velocities from all five groups are en
countered. Close to the ground surface rocks 
with small velocities are situated, with the ex
ception of a not very large zone around bore
holes 136 and 15 7. Inversion of the velocities 
is observed in boreholes 108, 136, 157 and 211 
where high velocity bodies are established in 
thedepthintervals4-11 m, 7.6-16.1 m, 7.5-17.8 
and 4.5-10.2 respectively. 

Three reliable and three unreliable faults 
are traced. 

Profile S4 

The velocity section is demonstrated in Fig. 
5. In this vertical velocity section velocities of 
all five groups are observed too. The velocity 
distribution in the profile first half, situated in 
the central city part, is more varied. Inversion 
is observed in the vicinity of boreholes 134, 
126, 164, 159 and 186. The velocity function 
V(z) in borehole 134 is quite variable. Abnor
mally low velocities are observed in the vicin
ity of boreholes 164 and 159. 

Five reliable faults are traced. 

Profile S5 

Its velocity section is presented in Fig. 6. A 
quite varied velocity field is traced out in the 
first half, which is situated in the central part 
of Sofia territory. The abnormally low veloc
ity is determined in bore hole 178. In the re
maining part of the profile, close to the ground 
surface the usual zone of small velocities is 
situated. Inversion is observed in boreholes 
244, 124, 147 and 180. The velocity field in 
boreholes 124, 120 and 123 is too changeable. 
In this part of the profile closely situated faults 
are observed too. The velocity function V (z) 
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in borehole 180 is interesting. In the interval 
18-20 m a low velocity of 600 mfs is determined, 
while in the next depth interval 20-30 m there 
follows a high velocity of 3000 mjs. 

Five reliable faults are traced along the profile 
length. 

Profile S6 

Its velocity section is shown in Fig. 7. This is 
the easternmost profile with north-south direc
tion and is characterized by a compara- tively 
quieter velocity distribution. Besides the zone 
of the low velocities, close to the ground sur
face, rocks with velocities within the 1500-2100 
mfs interval are encountered. Abnor- mally low 
velocities are determined in C 185 and C 142. 
In boreholes 142 and 184 high ve- locity in
clusions in depth intervals 4.6-13.4 m and 27-
34 m respectively are observed. 
In the interpretation of the data by the pro
file two unreliable faults are traced. 
Profile Wl 

The velocity section is shown in Fig. 8. This is 
the northernmost from the group profile with 
west-east direction. It is situated out of the ter
ritory of Sofia. In comparison with the remain
ing profiles the velocity section is rather 
simpler. It is presented mainly by rocks refer
ring to the zone of the small velocities and the 
increased velocities within the interval 1500-
21 00 mjs. It is unusual here that around bore
holes 354 and 305 there is lack of weathering 
because of the fact that the water level is on the 
ground surface. A body with high velocity 
(2500 1nls) is situated in bore hole 354 in the 
depth interval · 0-6.6 m. 

Two supposed faults are traced. 

Profile W2 

Its velocity section is shown in Fig. 9. In this 
profi le the velocity distribution is compa
ra tively simpler, too. In proximity to the 
ground surface the weathering zone is situ
ated, in which the velocities vary from 350 to 
600 m/s. In borehole 211 a complicated sec
tion is observed with the presence of inver
sion and fault. A presumable fault is traced 
between boreholes 303 and 273. 

Profile W3 

Its velocity section is shown in Fig. 10. This 
profile in its bigger part is situated on the ter
ritory of the city of Sofia. Its velocity section is 
omparatively the most complex one from the 

-=roup of profiles with west-east direction. The 
lve velocity groups are presented and seven 
reliable faults are apparent. Close to the sur
·ace, beside the small velocities in the interval 

300-600 m/s, abnormally small velocities are 
established around boreholes 170, 176, 182 
and 178. Inversion of the velocities is observed 
in boreholes 212, 174 and 154. This is due to 
the high velocity sectors, traced out in the 
depth intervals 10-24 m, 19-32 m and 5.6-22 m 
respectively. 

Profile W4 

Its velocity section is presented in Fig. 11. This 
profile has the biggest length. Its first half is 
situated on the territory of the city of Sofia, 
and the remaining one - in the eastern part 
of the Sofia valley. The five velocity groups 
are presented in this section, but the predomi
nating ones are the velocities in the interval 
300-700 lnls and 1500-2100 m/s. Between bore
holes 162 and 193 there is a zone with mean 
thickness 2 m with abnormally low velocities. 
A complex velocity section is outlined close to 
boreholes 147, 146 and 145. In proximity to 
the ground surface velocities 330 m/s, 800 m/s 
and 270 lnls succeed each other. Under them 
rocks with high velocity - 2500 m/s are situ
ated. At a greater depth the velocity becomes 
smaller. In this part a strong lateral velocity 
variability is characteristic. There is also in
version. High velocity zones (2500 lnls) are also 
observed in boreholes 157 and 320. In the pro
file sector out of the territory of the city of Sofia 
the velocity section is comparatively simpler -
above the water level there is the zone of the 
small velocities and under it there are rocks with 
velocities in the interval 1500-2000 lnls. 

Four reliable faults are traced. 

Profile W5 

Its velocity section is shown in Fig. 12. The 
velocity distribution in the profile sector situ
ated on the territory of Sofia, where all ve
locity groups are presented, is comparatively 
complex. In the sectors between boreholes 113 
and 321 vertical and lateral velocity variations 
are characteristic. An abnormally low veloc
ity is observed only around C109. A high ve
locity (2500 m/s) is determined only in bore
hole 321. 

As a result of the profile interpretation three 
reliable faults are established. 

Profile W6 

Its velocity section is shown in Fig. 13. The 
main part of this profile is situated in the so
uthern parts of the territory of the city of Sofia. 
The five velocity groups present the section, 
the small velocities within the 300-550 lnls inter
val in proximity to the surface being predomi
nating as well as the velocities in the interval 
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1650-1900 m/s. An abnormally small velocity 
is determined at C349. In the same borehole 
a comparatively high velocity (2250 m/s) is de
termined. 

Along the profile length a reliable fault is 
traced. 

Conclusion 

On the grounds of the analysis of the results 
from the investigation of the velocity field the 
following conclusions can be drawn: 

1. The velocity field is characterized by a 
complex structure. The values of the veloci
ties vary both in a vertical and lateral direc
tion. This is in correspondence with the results 
from previous geological and engineering-geo
logical investigations. 

2. The profiles with a north-south direction 
have a more varied distribution in compari
son with the profiles with west-east direction. 
At that, for all profiles the velocity field on 
the territory of Sofia is more complex than in 
its vicinity. At definite sites inversion of veloci
ties is observed. 

3. In the near-surface part under investiga
tion, because of the too strong variability of 
the velocities in a horizontal direction, practi
cally layers cannot be traced, i.e. the velocity 
model cannot be determined as composed of 
layers. 

4. The impossibility to trace out layers and 
the endeavor to create a more reliable veloc
ity model forced the grouping of the veloci
ties in five intervals and the division of the 
faults according to these intervals. 

5. The available data concerning velocities 
in the form of velocity vertical sections allow 
tracing disturbances, but some of them are of 
provisional character. 

A more complete geological interpretation 

of the obtained results could be the subject of 
a further research work. 
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