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Abstract. The factors responsible for the occurrence of natural disasters with adverse consequences are numer-
ous and specific to each territory. Some of the most important are the characteristics of the geological basement 
and climatic processes and events, especially in mountainous areas with dissected relief. While the climatic fac-
tors are more difficult to predict, especially for the territory of Bulgaria, the geological ones are well studied and 
documented. Underestimation of both, in combination with anthropogenic interference, can cause great troubles 
and, at the same time, could be avoided with appropriate preventive measures. We present some of the localities 
we have identified with manifestations of natural risk processes within the Zlatitsa basin, mainly those following 
manifestations of anthropogenic intervention with a negative impact on the infrastructure and, accordingly, the 
local population.
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Introduction

The geological basement and climate events are 
the main reasons for the occurrence of the natu-
ral hazardous processes with unfavorable conse-
quences. They are very frequent in the post-oro-
genic, overimposed on the Balkanide orogen neo-
tectonic basins, part of which is the Zlatitsa basin. 
Unfortunately, the underestimation of the natural 
characteristics and the bad planned anthropogenic 
activities caused predictable disasters concerning 
the infrastructure.

Here we will present some cases of natural haz-
ard events in the frames of the Zlatitsa basin, which 
could have been avoided after careful analysis of 
the natural risk factors. All of them happened after 
heavy rainfalls along newly constructed and re-
newed road cuts or bad supported and maintained 
older ones after anthropogenic influence.

Geological setting

The Zlatitsa basin, as a part of the Sub-Balkan Gra-
ben System (SBGS) (Tzankov et al., 1996), have 
been developed along the southern slopes of the 
Stara Planina Mountains and characterized as half-
grabens, infilled by Upper Pliocene-Quaternary ter-
restrial, lacustrine deposits.

The basin is overimposed over high-grade 
metamorphic rocks and low-grade metamorphites 
cropped out on its northern board. These metamor-
phic complexes are separated by the ductile shear 
zone Stargel-Boluvanya (Lazarova, Gerdjikov, 
2024), all of them of Variscan age. On the Zlatitsa 
basin northern board western part has been devel-
oped by the Upper Cretaceous Chelopech sub-ba-
sin, and only on the westernmost part, local Permi-
an terrestrial and Triassic carbonate rocks cropped 
out (Fig. 1a).
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All basin boards are tectonically predestinated, 
which do not confirm the previous characteristics 
for half-graben (Tzankov et al., 1996; Roy et al., 
1996). In opposite to the other basins of the SBGS, 
the normal faults outlining the accommodation 
space are very fragmented. Moreover, the normal 
fault system is widely developed, both on the ba-
sin boards and in the basin space. The normal faults 
outlining the Zlatitsa basin northern board formed 
three fragments and well-prominent relay zones 
between them (Dotseva et al., 2016). The western 
and eastern fragments are still active, but some of 
the fragments along the southern board indicate tec-
tonic activity also (Radulov et al., 2023).

In addition to the main normal fault system, 
which trends parallel to the basin boards, a second-
ary normal fault system is also developed, oriented 
approximately perpendicular to the main system. 
Along the northern basin board, this system is 
characterized by normal displacement with con-
sistently downthrown western blocks. Conversely, 
along the southern basin board, the geometry is 
significantly more complex (or structurally disor-
ganized) (Fig. 1а).

Between the Variscan and the neotectonic over-
print, the basin basement underwent the effects 
of the numerous Alpine tectonic events. All these 
events of exhumation, decompaction, and tectonic 
reworking resulted in easy erosion of rocks exposed 
to the surface.

The Zlatitsa basin sedimentary fill is not thick 
and irregularly distributed, from 0 to 110 meters 
(drill-hole data). Most likely, the reason is that the 
drainage system merges into the Topolnitsa River, 
which passes south of the basin. The thickest sedi-
mentary pile is located along the basin’s northern 
board due to the mountain slope being higher, with 
a steeper gradient, dense drainage system and tec-
tonically active still, forming coalescent fans of al-

luvial and fluvial deposits, while to the south, the 
accumulation occurred in flat alluvial terraces.

Data and methods

The study employed an integrated, multi-source ap-
proach combining remote sensing, historical analy-
sis, and targeted field surveys. The 10 m ASTER 
Digital Elevation Model (DEM) was used to cal-
culate essential topographic parameters like slope 
gradient, aspect, and curvature. In addition to topo-
graphic analysis, satellite imagery (e.g., Sentinel-2 
or Landsat) was used to identify and quantify hu-
man-induced changes, such as deforestation, urban 
expansion, and quarrying, that increase ground in-
stability and runoff. 

To establish the temporal context of hazard 
events and land-use evolution, historical and archi-
val data were analyzed. Field analysis focused on 
high-risk areas identified through the initial spatial 
analysis. Direct physical evidence of past hazard-
ous events, including landslide scarps, debris flow 
deposits, and scour marks, was documented.

Results

Characteristics of the natural hazards  
in the Zlatitsa basin

The briefly introduced geological characteristics 
and evolution of the Zlatitsa basin and surrounding 
boards, combined with climate events, suggest 
the occurrence of hazardous processes. Analyzing 
the parameters, which might be prerequisites for 
unfavorable consequences, and after the field 
observations, we outlined 21 localities with the 
probability of occurrence of such events. We will 

Fig. 1. a, Geological sketch map of the Zlatitsa basin: 1 – Quaternary, 2 – Upper Cretaceous, 3 – Middle Triassic, 4 – Lower Tri-
assic, 5 – Permian, 6 – Paleozoic low-grade metamorphites, 7 – Paleozoic high-grade metamorphites, 8 – Paleozoic ductile shear 
zone, 9 – Early Alpine brittle-ductile shear zone, 10 – fault, 11 – position of described locations, 12 – position of locations with 
possible occurrence of risk processes; b–d, Location 1 – Anton. Deposits of debris flow fan, about 300 m long and 3 m thick in 
the fan`s head; e–g, Location 2 – Tsarkvishte. The newly reconstructed road along the Zlatitsa pass is without planned protection 
walls, and a large amount of tectonically reworked, decompacted and eroded material of low-grade metamorphites was replaced 
as colluvial fans on the road after every strong rainfall; h–j, Location 3 – Bunovo. The same problem – unprotected escarpment of 
the renewed road and potential occurrence of debris flow initiation along the fluvial channel situated north of Bunovo village (j); 
k–m, Location 4 – Railway station Koprivshtitsa. The slope of the escarpment was not aligned with the dip of the foliation, which 
is subparallel and caused rock-falls on the rail line (k), or a future slide will destroy the electricity pole of the railway line (l). The 
oblique and steep faults could result in the collapse of a large amount of rocks on the railroad (m); n–p, Location 5 – Karlievo. 
Fault plane of the normal fault system outlining the Zlatitsa basin southern board (n, facing toward west), part of the normal fault 
system cross-cutting the basin southern board (o, facing toward south). The thick layer of disintegrated basement rocks (high-grade 
metamorphites) in combination with sub-ground waters caused erosion, creeping and sliding along the hills south of the village (p).
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present 5 of them, which occurred in the recent 
years and with the possibility for repetition in the 
future. 

Location 1 – Anton area

The steep gradient of the mountain slope, its com-
plicated lithological and tectonic composition, the 
basement altered rocks, almost missing soil and 
vegetation cover, and the seasonal temperature 
changes are the reasons for intensive erosion and 
accumulation of the eroded material in the deeply 
incised stream valleys. Another inevitable factor is 
that the foliation of the metamorphites and the fault 
planes are dipping to the south, parallel to the slope, 
and are favourable to intensive erosional processes.

The valleys indicate irregular profile – from very 
steep to slant and almost flat intervals that appear to 
become the catchment areas for a large amount of 
debris clasts, up to blocky size. In cases of heavy 
rainfall events, all this unconsolidated material 
is transported downstream and redeposited in the 
Zlatitsa basin accommodation space as debris flow 
fans up to 300 m long and usually covers the main 
road along the southern slopes of the Stara Planina 
Mountains (Fig. 1b–d).

On the basis of our field observations and col-
lected large amount of unconsolidated and accu-
mulated clasts upstream, we could predict events 
with unfavorable consequences in the future. The 
redeposited material in the alluvial fans’ head is un-
consolidated and could also be involved in the next 
debris flow. More information about the location is 
presented in Gerdjikov et al. (2012), Galabadanidu 
et al. (2012), Dotseva (2020), and Dotseva, Gerd-
jikov (2020).

Location 2 – Tsarkvishte area

The newly reconstructed road along the Zlatitsa 
pass, north of the Tsarkvishte area, is the place with 
frequent accidents, almost after every rainfall. The 
reason is the basement composition of low-grade 
metasediments, absolutely disintegrated by tectonic 
overprint of multiple tectonic events, decompaction 
and erosion. The steep slope gradient, the deeply 
incised stream valley and deforestation are pre-
destined redeposition of a large amount of eroded 
material on the road for about 2 kilometers along 
the southern part of the pass. But the main reason is 
the underestimation of the basement characteristics 
during the planning and the renovation of the road. 
The blockage of the traffic will be avoided if the 

road constructors predict this danger and construct 
protected walls (Fig. 1e–g). More information about 
the natural disasters in the area can be found in Ger-
djikov et al. (2012). 

Location 3 – Bunovo area

The situation is very similar to location 2. After the 
reconstruction of the road, the underestimation of 
the basement geological characteristics caused and 
will cause inconveniences to the local population by 
creeping and sliding a large amount of eroded mate-
rial on the road. To avoid future adverse events, the 
road escarpment should be strengthened with pro-
tective walls. The drainage system is not construct-
ed properly, and the temporary gulleys undermine 
the road after every rain (Fig. 1h–j).

The Bunovo River, north of the Bunovo village 
is deeply incised and limited by almost vertical 
banks, composed of rocks with different lithologies 
and characteristics – Paleozoic low-grade metasedi-
ments, Permian terrestrial clastic and Upper Cre-
taceous volcano-sedimentary sequences. They are 
intensively reworked by different fault systems and 
kinematics. The eroded material is accumulated in 
the river bed, with a relatively horizontal gradient, 
but strong rainfall will be redeposited in the frames 
of the village, as happened in the past, according to 
local people.

Location 4 – Koprivshtitsa railway station

The above given examples, nevertheless, the un-
favorable consequences, are of relatively local 
meaning, but to underestimate the basement char-
acteristics of the main and important railway trace 
is unacceptable. The rocks in the rail line escarp-
ment are presented by homogenous high-grade 
metamorphites, and the foliation is dipping toward 
the railroad. It is a simple engineering problem if 
the constructors pay more attention to the basement 
geological characteristics. In this case, not only one, 
but every rainfall and even gravity will cause rock-
fall. One protective wall will save the railway line 
and the electricity line on top of the escarpment and 
along the rail way, but no traces of prevention ac-
tivities were registered, although repeated incidents 
have occurred for tens of years (Fig. 1k–m).

This illustrates how one correct and on-time ge-
ological characteristic will prevent predictable ac-
cidents, except for recovering the consequences and 
will prevent accidents in Rozino, Mirkovo, Klisura, 
etc., and its long-term decommissioning.
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Location 5 – Karlievo area

The basement is composed of intensively altered 
high-grade metamorphites, and this facilitates the 
liquification of the 3–10 meters of the surface part 
of this disintegrated rock and caused creeping and 
sliding of the deforested slant slopes toward the vil-
lage (Fig. 1). The mass movement is characterized 
by creep displacement toward the local creek, situ-
ated south of the village. The resultant slide masses 
could create a damming effect on the creek, which 
could potentially trigger mudflows (Fig. 1p).

In addition, the normal fault systems, one parallel 
to the Zlatitsa basin board and another, almost per-
pendicular to it, facilitated the erosion (Fig.  1n–p). 
Anthropogenic activities do not help to stop these 
processes and, on the other hand, encourage them 
by digging escarpments on top and along the normal 
faults without any attempts at protection.

Problems with natural hazards in the study 
area and Conclusions

Natural hazardous phenomena occur with high fre-
quency on the territory of Bulgaria due to the vari-
able climate, contrasting relief, and diverse geologi-
cal characteristics. The mutual influence and un-
derestimation of key parameters driving cascading 
processes warrant thorough consideration. Specifi-
cally, a comprehensive assessment of the geological 
substratum is mandatory prior to any anthropogenic 
activity. This assessment must address numerous 
interrelated factors, including lithological compo-
sition, tectonic deformation, and associated site-
specific parameters such as relief, drainage network 
morphology, soil stratigraphy, hydrogeological 
conditions (groundwater), and surface character-
istics (e.g., vegetation cover, deforestation levels). 
Negligence of the assessments frequently results 
in significant negative consequences that include 
damage to civil infrastructure, socio-economic dis-
ruption for the local population, and, in severe in-
stances, fatalities. A pertinent example is the recent 
flood event on September 5, 2025, which impacted 
the resort village of Elenite and other settlements 
along the southern Black Sea coast.

In the presented examples from Zlatitsa basin, 
no such catastrophic events have been documented, 
but in the neighboring Karlovo basin, the damages 
from September 2022 have not been fully recovered 
yet. During our research were described around 20 

such localities with already manifested or potential 
impacts of natural phenomena with adverse effects. 
These areas should be placed under monitoring, and 
in the event of potential threats, the implementation 
of appropriate early warning and mitigation meas-
ures for the local population is essential.
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