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H.1. Epytte6, r. 4JpaHZ06, P. Bbtp6aH06, llA. HeaH06 -
reoAozu•tecKue onacHocmbt e JanadHoii nepu¢epuu Po

ncKozo pezuoHa. Pa3pyuiHTenblme reonorn'feCKHe 
tq>Oaeccbr u Po.norrcKoM perKoHe TKrtK'fecKHe .nnR Tep-

RTOpHH CJtO)ICJibiM TeKTOHH'feCKHM CTpoeHHeM - XOp
CTbl, rpa6eHl:d, pa3JtOMHl:de 30Hbl C aKTbTBHbiMH HeOTeK
TOHH'feCKHMH H COBpeMeHHbiMH ABH)J(eJfHIIMH, ropHbllf 
pe.nbecf!, pa3Hoo6pa3HLre HH)J(enepno-reonorn'feCKHe yc
- BHII. B CTpyKType reonorH'feCKOH orraCHOCTH Be.nymee 

ecTO 3aHHMaiOT 3eMJteTpl!CeHHJI, rpaBKTaU.HOHHble 
opou.eccbl ( orron3Hbl', o6uanhr, rroJt3yqecn., naBHHbl'), a 
TaJC)J(e IIBJteHHll, CBll3aHHbi'MH C rtOBepXHOCTHbiMH H ITOA
leMHbiMH BO,naMK (3p03Hll, rpl!3eBble ITOTOKH, kapCT, ar
pecCHBHOCTb BOAbl). 3Ha'fKTeJtbHOH AOJtH 3aHHMaiOT 
llpOUeCCbl H l!BJteHHII, CBll3aHJfbiMH C yp6aHH3aUHH, rop
il"bn.IH pa6oTaMH, ·rH,npOTeXHH'feCKHM CTpOHTeJtbCTBOM. 
3-ro aHTporroreHHble orron3Rbl u yromtbi'X 6acceiinax, 
onacuhre ra3bl, cKanbHble y.napbl' H une3artubl'e uo.norrpo
oneHHll B rtO,n3eMHbiX Bb!pa60TKaX H TOHHeJtliX, 3arpll3-

eJUfe BOAbl H 3eMJJH rtpOMbiWJJeHHbiMK OTXOAaMH, 
QOCTOXpaHHJJKUlaMH, OTBanaMH 6HTOBbiX OTXOJlOB. 
Becb 3TOT na6op ecTecTBeHHblX R auTporroreHHbiX npo
neccou OKa3biBaeT OTpHU.aTeJibHOe B03AeHCTBHe JIIOAIIM, 
lllftl>pacTpyKType, oKpy)J(aiOIUeii cpeJle K 3aMe.nnReT pa3-
BRTKe o6nacTH. Heo6xo.nnMo rrpHHHMaTb npe.noxpaun
TeJtbHh!e H 3aWHTHble Mepbl JlJJll YMeHbllleRHll nocJJeJlCT
BHR reonont'feCKOH onacuocTK. 

Abstract. The destructive geological processes in the 
Rhodopes region are typical for the territory of complex 
tectonic structure - horsts, grabens, fault zones, active 
neotectonic movements, mountainous relief and diverse 
engineering-geological conditions. The dominating role in 
the structure of the geological hazards belongs to the 
earthquakes, the slope processes (landslides, rock falls, 
screes, avalanches, creep) and to groups of phenomena 
related with urbanization, mine workings, hydrotechnical 
constructions. These are artificially provoked landslides 
in coal basins, dangerous gases in underground mines, 
rock shocks and sudden water currents in tunnels, pollu
tion of water and soil by industrial waste, tailing ponds 
and dump-hills. All these numerous natural and man
made processes exert negative impact on the population, 
infrastructure and the environment, hampering the sus
tainable development of the area. Prevention and protec
tion measures are necessary for decreasing the conse
quences of the geological hazards. 
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Introduction 

The social and economical development of 
Southwestern Bulgaria and the high degree of 
geological hazards in the region are in contra
dictory combination. This territory has a moun
tainous (alpine and medium alpine) character 
with series of kettles along the valeys of Strou-

rna and Mesta rivers. Coal basins, marbles, a 
great number of mineral water springs, agricul
tural land and wood are natural resources of 
the region. This is the basis of its social and 
economical development. Besides of that, the 
region takes a strategic place for important in
ternational transport passages crossing the area 
from North to South and from East to West. 
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Natural reserves, valuable architectural and 
historic monuments, archaeological remains 
mark the development of the region since an
cient times to now. Ingredients of the material 
culture as towns, villages, industry, communi
cations and monuments are under the destruc
tive influence of a complex system of natural 
and anthropogenic processes. Qualities of the 
environment aggravate. This conflicting state 
could be overcome by taking steps to reduce 
the geological hazards and restrict its conse
quences. Preliminary comprehensive studies 
are needed to motivate the way of precaution. 
Dissolution of these problems is one of the con
ditions to put the region and the country into a 
state of a sustainable development in the future. 

Engineering-geological conditions 

The geological composition of the surface zone 
is a result of a continuous and intense tectonic 
evolution of the region during the Neogene and 
Quaternary. The Western Rhodope, Rila and 
Pirin had been submitted to a lasting trend to 
uplifting (ToToMaHOB, Bp1>6m1HCKH, 1980; 
Iipy"'eB H .np, 1994). Relatively fresh and hard 
magmatic and metamorphic rocks crop out at 
the surface. Under the influence of weathering 
processes they gradually change to disintegrat
ed and fragmented material (debris), which is 
transported by surface water and gravitation 
and are deposited at the foot of the slope or in 
narrow elongated grabens. Proximity of the 
source area, liability of the basin floor and in
tensive tectonics determine deposition of 
coarse sediments - sand, gravel, pebble and 
cobble with clayey-sandy fill (Fig. l ). 

Permanent tectonic oscillatory movements 
with prevalence of uplift of the mountains to
wards the adjacent kettles had created condi
tions for increasing of the relief gradient, wash
ing out the weathered material and denudation 
of the rock surface. Assuming that during the 
Quaternary, the mean long-standing rate of 
1 mmfa have been maintained, the resulting up
lift would be more than 1500 m. In some sec
tions of the region this rate has been still high
er. During the periods of slow down and fading 
of the tectonic processes, denuded plains that 
are recently observed at different levels had 
been formed. 

Depending on the lithological composition, the 
condition and properties of the rocks and soils 
and displayed geological processes, three groups 
of terrains are distinguished - .mountain massifs, 
kettles and contact zones. 
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Mountain massifs (horst structures) are built 
of solid rocks with strong structural bounds. 
Granite and diorite are the most widespread 
magmatic rocks. In fresh and unweathered 
state, they are characteristic with high strength 
parameters - their compressive strength is rang
ing between 56 and 290 MPa (KaMeHoB, liJJHeB, 
1963). Fine-grained granites are more resistant 
to weathering processes, whereas the coarse
grained granites are more susceptible to endo
and exogenic processes. The crust of weather
ing is ussually thick about 5-6 m, and in some 
cases reaches up to 20 m and more. Volcanic 
rocks are represented by rhyolites, andesites 
and pyroclastites. Rhyolites cover a large area 
in the Western Rhodope and the valley of the 
river Mesta north of the town of Gotse Delchev. 
They have genetically predetermined columnar 
joint set that facilitate the penetration of mete
oric water and the progress of weathering pro
cesses. Their relatively high voidage facilitates 
their fast cracking and disintegration. In fresh 
state, rhyolite is characteristic as a medium 
strength rock with compressive strength in dry 
state reaching up to 95 MPa. After weathering 
rhyolite reduces significantly its strength and 
creates preconditions for occurrence of erosion 
and gravity processes. Andesites are hard, 
dense and slightly susceptible to weathering. 
Columnar joints due to the pulse volcanic ac
tivity and the presence of weak bounds during 
the cooling of separate lava flows, are charac
teristic for these rocks. The joints additionally 
spread out by the scarp uncompaction and 
large open joints are formed. Pyroclastites, 
tuffs, tuffobreccias, tuffites and conglomerates 
are present mainly in the Eastern Rhodope. 
They are typical weak rocks with low geotech
nical parameters- low bulk density, high poros
ity and water absorption. These rocks are 
quickly attacked by water and weathering pro
cesses, sharply reduce their hardness and yield 
the plentiful amount of sandy-clayey material. 

Gneisses, schists, amphibolites and marbles 
are the metamorphic rocks present. The silicate 
rocks are close to the granite rocks according to 
their physical and mechanical parameters when 
fresh and unweathered. They are distinguished 
by high hardness and resistance to water acti
vity and low temperatures. Weaker and un
steady are the mica shists because of the un
steadiness of mica to weathering and diagenetic 
changes. Marbles built a significant part of the 
studied region. They are massive, fractured and 
karstified. Marbles possess a satisfactory com
pressive strength, but about 30% lower than 
gneisses. 



·-· ·' G 
0 5 10 15 al 2ikm 

- ..!:::::::::::::::=:::::::::::_ __ , 
---~-··-----,..---------

l EGEND 
Ofitradiupolo&kat ~ 

-
• • 
II 

, .. 
• • 4 
0 ; 

E7.11athqulb"~'rib m.aput.k: 
II) 0<- M < .0. )M 6.0 

!ilk. 
A) shallow: b) dec,. rdalivdf sWJ1bf!Cd; 
.)~~1i'lth~ 

aeiU'*)I'tl or-~ ,.u 
Roct:fllil 

Mldtl 
A~ 
&)~ly rqilm: 
b)111tt~n~ 

Fig. I. Map of the geological hazards 

A &1Ee 
'Lftlalrm · 

"" ~tll 
Coli in tiline 

6- Rook ~1 In ~mine 
~ptttU~~ Qilllu cOif. 
boc.will( bym illlldctyi:Mid mW1c 

m H~nhls~lft 
u ~·~!X 

ctU · ill~lll.iliiC 
SriH • retlillt 0( 

·~·!De-til Putil . $Ifill JCIIII!I ., 

• T~ JCMhw lfldoJmll tt 

.,..._,.,.. ~Mhtlc.,.,pe of nK'I.il 

D 
D 

69 



~J ,4J. \!1·1;:/. l'J.fc)!. l l "H'<· U·l~ l'H~ ::U.ifll'. lHJ· :n.:J._. 1ll· I:Z.. :11-f~- J I- m · 1-1 ·~· ll l·n - .H- 1 :11~ lm-11~ :'JI..:!fi', lH~· JI-ll<- .l t -1'1f· liHi 
H ~ . , • P H • V ~ ~ « • ~ ~ M ft • fi ~ 00 » 

tim~ 

Fig. 2. Measured displacement along the Kroupnik fault in the monitoring site K5- Kresna Gorge (,[{o6peB, 1999) 
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Fig. 3. Measured displacement along the Kroupnik fault in the monitoring site K6 - Brezhani (,[{o6peB, 1999) 
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Kettles located at the foot of the mountain 
formed by filling the tectonic grabens with 

ertiary terrigenous sediments: slightly cement
ed conglomerates, coarse-grained friable sand

ones, limestones and some shales. They are 
ferred to soft rock engineering-geologi-
1 types because of the low strength parame

:~. Neogene sediments (slightly cemented 
ndstones, sands and clays) represent a com-

. ation of soft rock, clayey and cohesionless 
engineering-geological types. A characteristic 
_ operty of sandstones is their propensity to 

eathering - during the interaction with water 
other weathering agents most of studied 

mples are disintegrated and washed away 
o6pes, 1999). The Tertiary fill is partly cov
ed by alluvial and proluvial gravel, sands and 

lays. The basic geological processes are con
ected to the surface and shallow ground water 
ction. 
The transition or contact zone between 
ountain massifs and kettles covers a relatively 

small but very important area from the engi
eering-geological point of vew. Morphologi
lly it is hilly to steep terrain with variable dip. 

In depth, the contact zone consists of frac
red, faulted and tectonically reworked mag
atic and metamorphic rocks. Properties of 

:he parent rocks are deeply changed. Strength 
nd deformation parameters are similar to 

these of the sedimentary rocks, with the differ
ence that no secondary bounds exist, but only 
:hese of water-colloidal type. The zone is abun-

ant of water, frequently with thermal springs. 
Crustal blocks, situated at both sides of the 
zone display recent activity with rates reaching 

p to 9,3 mmfannually in vertical direction and 
-4,6 mmfa in lateral direction (Figs. 2. 3) mea

red in the southern part of the Simitli kettle 
o6pes, 1999). The surface geological struc
re includes eluvial, deluvial, proluvial and al
vial fan deposits (gravels and cobbles with 

sandy-clayey fill). Their thickness is variable -
most frequently is 5-8 m, but in some cases the 
hickness reaches up to 15-20 m. Properties of 
he Quaternary cover are dependent on the 

mineralogical and grain-size composition of 
he rock fragments and aggregates, the degree 

of compaction and the natural water content. It 
is characteristic as media with strongly change
able and heavy geotechnical properties, where 
erosion and gravity processes occur. 

The engineering-geological conditions of the 
studied region could be assessed as compli
cated and variable. They are suitable media for 
occurrence of naturally passing destructive 
geological processes, which have a negative ef-

feet on the buildings, installations, infrastruc
ture, cultural and historical monuments. In 
number of cases the human activity does not 
coordinate with the concrete geotechnical con
ditions provokes or accelerates the develop
ment of such processes. 

Structure of the geological hazards 

Destructive geological processes in Southwest 
Bulgaria concern a part of the lithosphere that 
is broken by number of faults to horst and gra
ben structures with active movements in diverse 
directions during the Neogene and Quaternary 
times. The following indicators for a high tec
tonic activities are observed: highly uplifted 
crustal blocks (the highest in Bulgaria and the 
Balkans - peak Musala, 2925 m); presence of 
many thermal springs, a part of them high-tem
peratured (Sapareva bania - 100°). Complicat
ed and indented mountain relief with the full 
set of forms - from alpine in the highest parts of 
Rila and Pirin to kettles in the lowest parts 
completely responds to this environment. 
These conditions predetermine in a high degree 
the structure of the geological hazards, espe
cially in the part of the natural processes. 

Fig. 4. Retaining wall cracked by the landsliding at km 
328 + 500 from road E 79 
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Table 1 
Structure of the geological hazards in SW Bulgaria 

I Geological hazards 

l I 

Natural processes Anthropogenic processes 

_I 
Endogenic processes: Erosion 
Earthquakes Landslides 
Fault movements Rock falls 
Tectonically disturbed zones Movement of screes 

Avalanches 
Exogenic processes: Ice fall 
Weathering Rock downfall 
Erosion Increasing of ground water levels in urbane territories 
Landslides Liquefaction of sands 
Rockfalls Phenomena connected to mining: 
Screes rock shocks 
Avalanches surface subsidences 
Ice falls mining pressure 

Rock downfall detonating gases 
Karst coal ignition 

water flows Shallow ground water 
Marshlands Destroying of areas and pollution of water and soils 

Subsidence by industry and other wastes 

Subsurface erosion 
Quick sands 
Temperature anomalies 
Radioactive anomalies 
Floodings 
Torrent 

Earthquakes and slope processes are of great 
importance (Shanov et a!., 2001). Landslides, 
affecting mainly the Tertiary sediments in the 
graben fill and large tectonic zones with deeply 
reworked rocks are widespread (Fig. 4). Rock 
falls are typical for the rock walls and circuses 
in the top parts of the mountains, as well as for 
the ravine sections of the river valleys. Screes 
are also a typical process for the region and at 
excavation during the construction works pass 
into unsteady state and become dangerous for 
roads, channels and other constructions in 
their range. The highest parts of the Rila and 
Pirin are with the highest risk of avalanches 
where victims fall. 

Slow exogenic processes (weathering, erosion 
and karstification) are widespread and create 
problems chiefly to the hydrotechnical construc
tion in the mountains (Hsanos H AP·· 1960). 

In the series of the anthropogenic processes, 
the most significant place takes the group con
nected to the mining industry - landslides on 
the slopes at the open pits, terrain subsidence 
above underground pit works, emanation of 
asphyxiating and detonating gases, etc. During 
the digging of the hydrotechnical tunnels in the 
Rila mountain, rock shocks occur. 

The diverse types of waste matter from the 
dung-hills, power heating stations, coal mining 
(garbage, embankments and flash dumps) de
termine the risk of poluting the ground and su-
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perficial water, soils and air and create prob
lems for the environment and ecology. 

The structure of the geological hazards in SW 
Bulgaria shows a great diversity of processes with 
mosaic distribution according to relief and geo
logical conditions, with domination of earth
quakes and slope processes. Damages from the 
earthquakes, landslides, mudflows, avalanches 
and erosion are the heaviest (Tables I, 2). 

The most important forthcoming task is to 
make a complete information system about the 
geological hazards in the region based on the 
registration, recording and mapping of the phe
nomena followed by their categorization and 
classification according to diverse signs. This 
will be a basis for planning and carrying out 
monitoring, and for grounding precautions to 
reduce the geological hazards and restrict the 
consequences of destructive processes. 

Dominant hazardous 
geological processes 

Numerous types of geological processes have a 
diverse degree of importance for the region, ac
cording to their distribution, frequency, dynam
ics and sequences of them. Landslides, slope 
processes and processes connected to mining 
play the most significant role in the region. (Ta
ble 3). 



Table 2 
Heavy accidents and catastrophes occurring f or geological reasons during the XX"' century 

Date Destructive process Location, general characteristics Sequences 

1902 landslide railway line Sofia-Pernik slided embankment, embarnsssed and 
de Iated construction with rising expenses 

.04.1904 earthquake the village of Kroupnik, X deg, considerable damages, victims, cracks on 
MSK-64 the terrain, expulsing water and sand 

.11.1930 rock shock water-main "Rita-Sofia", tube No 20 2 ml rocks parted with loud thunder 

942 landslide railway line Sofia-Koulata Affected area 330 dka, destructed 3 
at the village of Kroupnik houses, human victims 

2.1950 landslide pit "7 Septemvri", Pernik, Great losses, untaken coal 
L = 400 m, B = I SO m 

955 landslide pit "Republika-1", L=800 m, Periodic activities, embarrassment, delay 
8=150 m and rising expenses of coal mining 

1.07.1959 rock shock pit "Deli Iskar", face of 3·•h ad it 12 ml rocks expulsed, I victim 

6.12.1966 avalanche peak Maliovitsa, Rita II victims 

.1968 landslide pit AI. Milenov, Pernik, V=2 .106 ml Great losses, untaked coal 

1970 sudden appearance pit Oranovo 
of water-rock mass 

before 1974 landslide the village of G. Gradeshnitsa, moved 
Blagoevgrad district 
village of Kamenik, Kijustendil distr. moved 

.1976 landslide the village of Cherven briag, a quarter is moved, 163 houses 
V=0.8 .106 ml destroyed 

.1977 roof caving railway tunnel at town of Doupnitsa interruption of the traffic from Sofia to 
Koulata 

:n. ll.l977 earthquake town of Velingrad, VII-VIII deg. defformed and cracked buildings, 
MSK-64 rock falls 

I .1979 landslide main road E-79 km 119+ 700, embarrassed and delated construction 
town of Doupnitsa of the road, rising expenses, spoiled 

construction of the second tube 

;Tequent sliding and falling scarps at road and railway periodical interruption of traffic 
repeated during of rock masses network along the ravine parts. and damages 
rain falls 

991 roof caving tunnel N7, between stations 
Zemen-Razhdavitsa, railway 

interruption of the traffic on railway 

Sofia-Kjustendil 

950 - 2000 accidents and mines Pernik, Bobovdol, more than 30 victims 
incidents during Oranovo, Kresna, 
underground mining 

- .12.1993 mud flow E-79 buried under the temporary interruption of traffic 
!3.09.1998 thousands ml rock mass on E-79 at the village of Kroupnik 

Landslides 

Landslides are ones of the most widespread 
geodynamic and geotechnical processes. Their 
location is in close connection with the origin 
and the geological history of rock complexes 

rocks that crop out in the studied region. Layer 
inclinations in these rock complexes and river 
erosion are frequently reasons for landsliding. 
Along the valleys of rivers Ribnovsko dere, 
Kanina and Debrenska, flowing to the south, 
metamorphic rocks dip dominantly to the West 
and South-West. The dip angle is 15°-45° 
(Bau.es, 1972). A significant number of land
slides occur in the metamorphic complex. The 

re-Quaternary) and clayey and cohesionless 
sediments (Quaternary). Gneisses, schists and 
amphibolites of Precambrian age are the oldest 
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Fig. 5. Deformed gate of the tunnel at km 327 + 500 from road E 79 

bigger ones are near the villages of Kanina, De
bren, Osikovo, Oreshe, Skrebatno, Tsingov ka
rnak, Pletena, etc. 

Diorites and gabbro-diorites of the Strouma 
Diorite Formation (Palaeozoic) are tectonical
ly reworked and weathered in considerable de
gree. It was considered that the depth of weath
ering is about 5-6 m (KaMeHOB, H.rmes, 1963). 

Recent studies proved that above the impor
tant faults the depth of the weathering reaches 
up to 35-37 m. These structural changes in the 
rock massif are precondition for occurrence of 
hazardous slope processes (landslides, rock 
falls, mudflows).As a result of technogenic ac
tion (cutting) on such a slope, the landslide 
near the town of Doupnitsa occurs. It concerns 
the first class road E79 from the national road 
network. A part of the supporting installations 
are deformed because of the great stress (Fig. 
4). Due to the same reasons, deformations of 
the tunnels in the same section happened while 
the second tube was not built (Fig. 5) . 

Hazardous geotechnical processes are wide
spread in the kettles along the rivers Strouma 
and Mesta, which are filled with Palaeogene 
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and Neogene sediments. Palaeogene sediments 
in the Pernik kettle are easyly susceptible to 
weathering. This is the main reason for occur
rence of landsliding on the scarps along rail 
ways and roads and of the open pits. These 
landslides endanger the transport security and 
cause significant damages on the infrastructure 
network. 

The synclinal dip of the sediments is the rea
son for occurrence of significant landslides 
connected to the intense coal mining in the 
open pits. The stability of the scarp depends to 
space location of thin clay interbeds with thick
ness 3-5 em on which landsliding is realized 
(reoprues, 1966). 

Palaeogene sediments cropping out near the 
town of Blagoevgrad and the presence of shal
low ground water create conditions for rising of 
shallow landslides in the area of quarter Belite 
skali. They impede housing construction and 
building of the infrastructure (Varbanov, 2000). 

Landslide with considerable volume and 
depth is generated along the boundary between 
metamorphic rocks and Palaeogene sediments 
in the region of the village of Osikovo. To a cer-



Table 3 
Dominant hazardous geological processes in SW Bulgaria 

Processes Geological medium 
and affected rocks 

Earthquakes Granite 
(Shanov et al., 2001) 

Slope processes: 
Landslides Sedimentary fill of 

grabens, fault zones 

Rock falls and screes Metamorphic rock, 
granite and diorite 

Mudflows Neogene and Quaternary 
clays, sands and boulders 

Avalanches Crystalline rocks 

Erosion Sediments of new 
geological formations, 
weathered layer, soils 

Anthropogenic processes Stratified sedimentary 
complexes with coal beds 

tain degree it has a tectonic predetermination. 
Southern to the hill St. Ilija it borders with the 
Ribnovo fault (Baues, 1974). 

In the Pliocene sediments, landslides with con
siderable volume, originated around the villages 
of Oranovo, Kroupnik, Boutovtsi, etc. (fabl. 3). 
Presence of such landslides is possible in the re
gion of the town of Kresna where the dip of the 
Neogene sediments and the morphology of some 
slopes favour Jandsliding processes with consider
able volume and depth. They have not been sub
jects of specialized studies. 

Rock falls and screes 

In the zone of the K.resna gorge, deformation 
processes produced a superimposed schistosity 
within the granite-gneisses of the Kroupnik plu
ton. The schistosity dips endanger the safety of 
the infrastructure - roads, railways, etc. (Fig. 6). 
An additional strengthening of the scarps is 
needed to render safe the transport. 

Rock falls and screes are other hazardous 
geotechnical and geodynamic processes. They 
cause significant difficulties during the con
struction of hydro-energetic and transportation 
sites. The thickness of screes formed on the 
slopes along the river valleys is considerable. 
They consist of coarse granite blocks or blocks 
of metamorphic rocks with clayey-sandy fill. 
During the investigations for the dam "Tiha 
Rila" situated on a tributary of the river Rilska, 

Geomorphological Territorial distribution 
(relieO conditions 

More frequently along the Pernik, Blagoevgrad, 
contours of the kettles Simitli, Razlog, Gotse 

Delchev kettles and 
adjacent mountains 

On the periphery of the Pernik, Bobovdol, Simitli 
kettles and on the scarps kettles, Strouma and 
of the open pits Ribnovski faults etc. 

Vertical rock walls High parts of Rila and Pirin, 
and gorges Kresna and other defiles 

In river beds Strouma valley and 
its tributaries 

Outcrop steep slopes Alpine parts in Rila nad 
Pirin, rarely in Osogovo 

Mountain slopes and All over the region, 
periphery of the kettles excepting the afforested 

massifs, denuded plains and 
plain parts of the kettles 

Kettles Mines Pernik, Bobovdol, 
Brezhani 

the thickness of that scree was not crossed 
(llsaHos H .np., 1960). Such screes are formed in 
the region of Kresna gorge, in the valley of river 
Mesta, on the west riverside of river Strouma. 

Mudflows 

Recently mudflows of considerable range occur 
during the water abundant seasons because of 
the wood cutting down and the increase erosion 
in the valleys of small rivers and streams, tribu
taries to the main rivers. Their grain-size com
position is diverse - from rounded rock frag
ments and blocks, to gravel and cobble with 
clayey-sandy fill. Mudflows destroy roads and 
railway network. Mudflows are widespread on 
the Southwestern slopes of Pirin, the valley of 
river Mesta and the western riverside slope of 
river Strouma. 

Avalanches 

Suitable conditions for occurrence of avalanch
es exist on the rock walls and crowns in high 
parts of Rila and Pirin and in less degree on 
western slopes of the Rhodope. Avalanches of
ten happen on the steep slopes of some high
mountain rivers - Beli Iskar, Rilska, Ilijna, Ban
deritsa, Damianitsa, etc. The occurrence of av
alanches led to disturbance of the environment 
as well as to destruction of the infrastructure 
network, and in some cases to victims. Their 
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Fig. 6. Strengthening of the cracked rock massif with the dip of the general joint system 
towards the road 

occurrence is influenced by a lot of factors but 
the most determinant are the climate and geo
logical and geomorphological conditions 
steep slopes, type of the rock basement and the 
direction of its jointing, the shape and the dip 
of the valley and vegetation cover. 

Sheet and linear erosion 

The development of the erosion is determined 
by geomorphological features and properties of 
the relief, its indention, afforestation of the ter
rain, the degree of tectonic and weathering al
terations of the rocks, their capability to wash-
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away, amount and distribution of the rain falls, 
recent vertical crustal movements, and the rel 
ative position of the erosion base. The long last
ing trend to uplifting of the region and the pres
ence of medium to deeply weathered and tec
tonically reworked rock varieties, slightly ce
mented sandstones, clayey sandstones and 
sandy clays offer suitable conditions for devel
opment of the erosion. Sheet erosion takes part 
in the foothills uncovered by vegetation. Sheet 
erosion becomes more intensive after long last
ing dry periods followed by abundant falls, 
which wash out the surface soil layer. Gradual
ly furrows and gullies are formed that cut into 



Table 4 
Some significant landslides from the Western parts of the Rila and Rhodope region 

Location N_ E longti- Expose Main Tip Foot Slope Width Length D{L Depth, m !Area, Volume, Geological age Destabilizing 
autude tude deg scarp, elevation eleva- inclina- (D), m (L), m 103 m2 mlnm3 and composition factors 

elevation tion tion, deg 

K.anina 41 ,63 23,80 135 250 130 40 60 300 0,20 65 18 0,6 Pc - biotite linear erosion, 
gneisses earthquakes 

Osikovo 41,69 23,77 0 1210 940 22 1000 11 00 0,91 90 1100 52 Pg - conglome- erosion 
rates, sandstones, 
Pc - gneisses 

Skrebatno 41 ,66 23,80 45 1100 700 40 500 550 0,91 70 275 10 Pc - biot. linear erosion, 
granites earthquakes 

Tzankov karnak 300 200 75 39 120 250 0,48 47 30 1,2 Pc - shists technogenic 
Kroupnik, Eastern 41,85 23,13 100 372 280 297 6 400 825 0,48 15 330 2,5 N - clays earthquakes, 
part, waters, technog. 

Kroupnik, NE part 41 ,85 23,13 0 350 270 280 5 750 350 2,14 15 442 4,8 N - clays earthquakes, 

Seke1eva mahala ~1 .85 23.16 185 445 295 300 15 550 
waters, 

330 1,67 12 115 1,0 Q pr, N - clays earthquakes, 
tectonic 
movements 

Kresna gorge ~1 ,84 23,13 0 650 370 31 435 650 0,67 40 283 4,5 K - granites earthquakes, 
teet. movements 

Ora novo ~1.90 23,14 225 530 350 365 745 1400 0,75 40-60 750 30,0 N - clays and technogenic I 

sandstones ' 

Dokatichevo ~1.87 23,07 70 675 450 500 12 450 750 0,60 60 340 4,5 Pc - amphibo- earthquake (?) 
lites 

I 

Batourovtzi ~1 .86 23,16 315 550 320 . 350 13 400 700 0,57 10 280 1,5 N - clays, linear erosion 
(Simitli kattle) sandstones, 

~2.61 
Qdl - clays 

Pernik - mine 23,06 45 800 750 7 1200 200 6,00 25 240 6 Qdl, Pg - clays, waters, 
"7 September" sandstones, technogenic 

marls 
Pernik- "Pepoublika-1" 42,64 23,06 180 810 735 745 22 !50 800 0,19 16 120 I Pg technogenic 
Pernik - "AI.Milenov" ~2.63 23,05 180 786 770 775 II 250 100 2,50 IS 25 0,3 Pg waters, techno-

~2,64 
genic 

Pernik, peak Svilen 23,06 180 790 730 730 15 200 500 0,40 30 100 1,5 Pg waters, technog. 

Pernik - "Teva-1" 42,63 23,05 290 803 755 755 6 150 380 0,39 19 57 1,0 Pg waters, technog. 

Pernik- "Pepoublika-3" 42,65 23,05 0 775 720 725 30 ! 50 400 0,38 30 60 0,9 Pg technogenic 
Pernik - "Teva-1" 42,63 23,05 290 803 755 755 6 150 380 0,39 19 57 I Pg waters, technog. 

Cherven briag, 42,32 23,17 180 600 560 570 9 350 150 2,33 30 53 0,8 Qel linear erosion 
! Kyustendil 

Doupnitsa 42,28 23,13 120 630 500 20 1000 450 2,22 60 450 14 Pz- mylloniti- technogenic 
ed granodiorite 

-...l 
-...l 



Fig. 7. Gully erosion in the region of Kresna 

the soft sediments to form the branches of a 
gully network (Fig. 7) . Erosion processes render 
unfavourable influence upon the environment 
washing away the humus layer. They have a 
considerable influence upon the originating 
and activity of the slope processes - landslides, 
rock falls, screes and mudflows. 

Anthropogenic processes 

Changes of the relief, regime and composition 
of the ground water are referred to this group. 
The main activities that lead to transformation of 
the earth surface are mining, digging up the inert 
materials, transport and civil constructions. Dur
ing mining water inflows occur as well as roof 
caving of rock and earth masses and spontaneous 
ignition of coal and gas. Subsidence troughs, af
fecting the buildings, roads and railways show up 
long time after the end of mining. 

Water inflows are characteristic phenome
non for coal pits in Palaeogene and Neogene 
sediments. They are the reason for flooding and 
filling with sand and clay the underground pits. 
This was the case of water inflow in the mine 
"Bobov dol" when besides damages for the 
mine, humans fell victim. 

Swelling of clays is characteristic for Bobov
dol and Kyustendil coal basins. Though it is not 
a great danger for the technological process in 
pits, this phenomenon leads to difficulties in 
their exploration. 

Tails, embankments and dung-hills cause a 
unfavourable influence on the environment in 
the region, too. 
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Conclusion 

Engineering-geological conditions in the stud
ied region are diverse, moderately complicated 
to complicated. All types of rocks and soils are 
present. Their properties change in a broad 
range: hard and dense intrusive and metamor
phic rocks (granites, diorites, gneisses), soft 
rock varieties (marls, sandstones, tuffs), cohes
sive and cohesionless soils (clays, sands and 
gravels). Recent state and physical and me
chanical parameters of the rocks are consider
ably affected by the tectonic and weathering 
processes. The relief is also various - highly up
lifted mountain massifs surrounded by kettles 
and valleys. This environment predetermines 
the development of a great number of un
favourable and destructive geological process
es. The most important are earthquakes, land
slides, rock falls, mudflows and erosion. The 
consequences of their action result in aggrava
tion of the qualities of environment, destruction 
of buildings and installations, interruption of 
the transport connections, reduction of the 
fruitfulness of land, impeding and raising the 
expenses of mining. The destructive processes 
are constant, incident and cyclic. There are 
possibilities to forecast the geological hazards 
and to reduce its negative influence on the de
velopment of the region according to the main 
properties of the destructive processes and fac
tors that caused them. The scientific research, 
geotechnical monitoring, analysis of the ob
tained data and composing the forecasts about 
occurrence and development of the destructive 



geological processes, has to play an important 
93rt in the prevention and minimization of the 
geodynamic hazards. 
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