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Abstract. The study covers the coastal slope in the Zelenka locality (northern Bulgarian Black Sea coast). 
This is a beautiful but also dangerous area due to constant sloping and falling of huge blocks of land on the 
shore. The slope is composed of Miocene sediments: diatomaceous clays (Euxinograd Formation), uncon-
solidated aragonite sediments with limestone interbeds (Topola Formation), and a steep limestone rock crown 
(Karvuna Formation). An assessment of the material eroded from the slope, composed of aragonite sediments 
of the Topola Formation, for the period from October 2018 to March 2019 was made. The quantities of this 
material were measured and laboratory tests were carried out on the aragonite sediments. The grain size and 
plasticity (classification characteristics) of the soil were determined. The surface of the slope is waterlogged 
(or wet), as water flows down the slope of the contact formed between the Topola and Karvuna formations. 
The geotechnical studies and mapping of the coastal slope revealed that the erosion processes can affect not 
only the slope stability, but also of the road integrity, and therefore may pose a real geological risk.
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INTRODUCTION

Coastal cliff erosion is increasingly posing serious 
geological risks for coastal areas. Cliff erosion pro-
cesses can cause significant issues for public safety, 
cultural and natural landmarks, and infrastructure. 
This is particularly concerning in northern Bulgar-
ian Black Sea coast as cliffs make up more than 
60 percent of the coastline. This study deals with 
the sea-facing slope along the northern Bulgarian 
Black Sea coast of Kavarna Town, Cape Kaliakra 
area. The slope is located about 4 km west of Cape 
Kaliakra. This region is composed of Miocene sedi-
ments, represented by the Euxinograd, Topola and 
Karvuna formations. The purpose of the study is to 
determine the current state of the slope, to make an 
engineering-geological characteristic of the sedi-
ments that compose it, as well as of the fallen eroded 
material. Although there are no large landslides in 
the area, this study is important for the assessment 

of geological hazards and their distribution along 
the coastline in this part of the Bulgarian Black Sea 
coast.

BACKGROUND OF THIS STUDY

The study area is located in northeastern Bulgar-
ia, within the borders of the Moesian Platform, 
and more specifically within the borders of the 
Dobrudzha Plateau. Clayey and calcareous sedi-
ments were accumulated in the Varna-Balchik 
Depression during the early and middle Miocene. 
These sediments are divided into several formal 
lithostratigraphic units, of which, in the studied 
region, the Euxinograd, Topola and Karvuna for-
mations are represented. They were described by 
different authors (e.g., Popov and Kojumdgieva, 
1987; Koleva-Rekalova, 1994, 1997, 1998; Ya-
neva et al., 2019).
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The thickness of the Euxinograd Formation goes 
up to 100–110 m, between Kranevo Village and the 
town of Balchik. The upper part of the Euxinograd 
Formation is represented by an alternation of gray 
to dark gray diatomaceous-spongolithic clays and 
silty-sandy clays. The clays range from indistinct to 
fine-bedded. These sediments do not crop out in the 
studied area.

The sediments of the Topola Formation overlie 
the clays of the Euxinograd Formation and are cov-
ered by the limestones of the Karvuna Formation. 
The Topola Formation is predominantly composed 
of aragonite sediments, referred to as “aragonitites” 
by Koleva-Rekalova (1994). These rocks are gray 
and white to yellowish, laminated in the upper part 
and massive at the base of the profile. They are un-
consolidated and microlaminated (laminae’s thick-
nesses vary from 0.5 mm up 2–3 mm). The aragonite 
sediments contain laterally persistent and thin (from 
20–30 cm to 1 m) layers of white, creamy and pale 
gray micritic limestones, which play a reinforcing 
role and are key contributors to the existence of ver-
tical slopes in unaffected by sliding outcrops of the 
Topola formation (Evlogiev and Evstatiev, 2013; 
Lakov and Stoynev, 2013; Nankin and Krastanov, 
2017; Lakov, 2018). The Karvuna Formation is 
composed of strong, dense Mactra limestones (12–
15 m thick) that form the rock crown of the plateau.

Some of the largest landslides on the territory of 
Bulgaria are formed in the sediments of the Topola 
Formation, which crop out from the area south of 
the village of Kranevo to the town of Kavarna on 
the northern Bulgarian Black Sea coast (Varbanov 
et al., 1997; Frangov et al., 1998; Koleva-Rekalova 
et al., 1999; Berov et al., 2002, 2013; Lakov et al., 
2002; Konstantinov et al., 2003; Evlogiev and Ev-
statiev, 2013; Nikolov and Atanasova, 2016; Ev-
statiev et al., 2017; Atanasova and Nikolov, 2019; 
Nankin and Ivanov, 2019). They are characterized 
by deep sliding surfaces (about 80 m), most of 
which are in a conditionally stabilized state.

Rockfalls are common along several sectors on 
the coast. They occur mainly between the town of 
Kavarna and Cape Kaliakra and also north of Cape 
Kaliakra (the village of Kamen Bryag). Some rock-
falls in this region probably had a seismic origin, 
triggered by powerful earthquakes with magnitude 
greater than 7 (Iliev, 1973; Konstantinov et al., 
1992; Iliev-Broutchev, 1994).

The tectonic settings of the northern Bulgarian 
Black Sea coast are a prerequisite for high seismic-
ity (Watzof, 1903; Dimitrov et al., 2017). Histori-
cal sources report large earthquakes that occurred 
during the Antiquity and the Middle Ages and 
caused landslides, rockfalls, floods and tsunamis 

(Iliev, 1973; Dimitrov and Parlichev, 2014). The 
latest major disasters are related to the earthquake 
of 1901 with I = IX degree of MSK, whose epicent-
er was east of Cape Kaliakra at a depth of 8 km. It 
caused a great destruction in the town of Kavarna 
and the surrounding villages. The effects of the 
Vrancea earthquake of 1977 on the landslides in the 
area of the northern Black Sea coast were examined 
by Brankov (1983). Active faults dating back to the 
Quaternary are also located near the town of Shabla 
and Cape Kaliakra. They are related to seismic activ-
ity in this part of the coast (Parlichev, 2014; Dimitrov 
et al., 2017). According to “The seismic zoning map 
of the Republic of Bulgaria for a 1000-year period”, 
the value of the seismic coefficient is 0.27.

The studied area (composed of limestones and 
aragonite sediments) is characterized by low to me-
dium velocity (intensity) of cliff erosion. For the area 
stretching between Kaliakra and Kavarna, the ero-
sion rate is 0.01–0.20 m/year. The average height of 
the erosional cliff is 50 m and the relative quantity 
of eroded material is 0.5 m3 per year (Shuiskij and 
Simeonova, 1982). The factors forming the erosional 
cliff type in this region are denudation (weathering, 
erosion) and to a lesser extent wave activity (Shui-
skij and Simeonova, 1982; Castedo et al., 2017). 
Under the effect of the non-wave factors, the weakly 
cohesive aragonite sediments of the Topola Forma-
tion reach a steep, almost vertical profile. The cliff 
face retreats not only due to wave erosion, but also 
the weathering processes and the sheet erosion of the 
water flowing through it. In the development of this 
type of cliffs, the role of linear abrasion is subordi-
nate to the action of non-wave processes, so the shore 
is abraded at a low velocity. A coastal geo-protective 
facility (stone blocks and retaining wall) has been 
constructed in the Zelenka locality, designed to pro-
tect the coast from marine abrasion.

The climate features are of particular importance 
for the assessment of the weathering and erosion 
processes in the area. For the period from December 
to February, the average daily minimum tempera-
tures are around zero and slightly below zero. The 
average daily maximum temperatures are 5–7 °C. 
In cold nights, the temperature is –10 °C to –11 °C. 
Accordingly, rainfalls during these months are 40–
50 mm monthly on average. The prevailing winds 
in the area are from north and northeast, which in 
the winter reach speeds of 15–20 m/s.

METHODOLOGY

Engineering geological mapping was carried out in 
the area of the Zelenka locality. The amount of col-
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lapsed rock and earth masses, which belong to the 
sediments of the Topola Formation, were measured. 
The volume of these materials was determined for 
the period from October 2018 to March 2019 (four 
field observations in September, October 2018 and 
March, April 2019). Certain physical and classifica-
tion characteristics of these materials were defined, 
such as grain size, plasticity and specific density, 
under BDS EN. For comparison, the plasticity in-
dex was also determined by the BDS 648 and 676. 
The same parameters were defined for undisturbed 
material from the slope.

RESULTS AND DISCUSSION

In the measurements made on the collapsed earth 
and rock masses along a coastline segment (Fig. 1) 
with a length of about 680 m, it was found that the 
affected areas had an overall length of 158.7 m di-
vided into six sectors and the volume of collapsed 
masses amounted to 488.65 m3 (Table 1).

In the 63-meter almost vertical slope of Zelenka, 
the waters of the aquifer are discharged at an eleva-
tion of 36 m (Fig. 2). The eroded sectors are une-
venly distributed along the coastline, most of which 

Fig. 1. Location of the fallen eroded rock and earth masses at the foot slope (sectors with numbers from 1 to 6) – Zelenka locality.

Table 1
Fallen rock and earth masses between September 2018 and March 2019

No. Coordinates in World Geodetic System 
(WGS) 1984

Length Width Height Volume
m m m m3

1. 43.38494 28.43092 13.4 6.4 2.2 94.76
2. 43.38488 28.43190 20.8 3.4 1.5 53.04
3. 43.38459 28.43368 30.5 0.9 1.0 13.73
4. 43.38430 28.43457 32.0 2.5 2.0 80.40
5. 43.38419 28.43497 30.0 2.5 1.9 72.00
6. 43.38411 28.43538 32.0 5.2 2.1 174.72

Total: 158.7 488.65

Note: The numbering is as shown in Fig. 1.
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extend into the areas of abundant and continuous 
flowing water, and form small waterfalls in two lo-
cations.

The concentration of landslide and erosion pro-
cesses in the areas of ground water discharge leads 
to the conclusion that the most likely cause of the 
bursts is the freezing of the waters in the voids 
of the sediments of the Topola Formation, which 
leads to the erosion of the slope surface. The fallen 
material barges the drainage ditch on the coastal 
road (Fig. 3), thus creating conditions for water re-
tention. This leads to the infiltration of this water 
into the massif below the road and its waterlog-
ging, which in turn will lead to a breakdown of 
road integrity.

The results of the laboratory tests for the fallen 
eroded material and the material collected from the 
slope show that the classification of soil, based on 

grading alone (BDS EN ISO 14688-2), for both 
soils is silt (Si) (Fig. 4, Table 2). The amount of 
fraction with size <0.063 mm is 92.3% for the fallen 
eroded material and 95.4% for the material taken 
from the slope. The coefficient of uniformity Uc is 
respectively 2.8 for the fallen eroded material and 
8.1 for the material taken from the slope. The fallen 
eroded material is heterogeneous, mixed, including 
some gravels and cobbles. The plasticity index Ip = 
17.6% for the fallen eroded material and Ip = 34.1% 
for the material taken from the slope (BDS-EN ISO/
TS 17892-12).

The classification of soil, based on BDS 676-85, 
for both soils is silty sandy clay. This standard also 
takes into account the grain size distribution and the 
soil plasticity. The plasticity index (BDS 648) Ip = 
11.7% for the fallen eroded material and Ip = 16.3% 
for the material taken from the slope.

Fig. 2. Geological profile (the location is as shown in Fig. 1): 1 – limestone of the Karvuna Formation; 2 – limestone of the Topola 
Formation; 3 – aragonite sediments of the Topola Formation; 4 – aragonite sediments and clays of the Topola Formation; 5 – fallen 
eroded rock and earth masses; 6 – road embankment; 7 – groundwater level.
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Fig. 3. Eroded material at the base of the slope – Zelenka locality, photo March 2019: a) eroded sector No. 2; b) eroded sector 
No. 3; c) eroded sector No. 5.
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Fig. 4. Particle size distribution of the samples: 1 – fallen material below; 2 – undisturbed, from massif.

Table 2
Classification of soil, based on grading alone (BDS EN ISO 14688-2)

Soil sample Classification 
of soil

> 2 mm 2–0.063 mm < 0.063 mm < 0.002 mm Uc

% % % % –

fallen material 
below Silt (Si) 0.4 7.3 92.3 3.0 2.8

undisturbed, 
from massif Silt (Si) 0.1 4.5 95.4 8.5 8.1

Uc – coefficient of uniformity

CONCLUSION

The current study shows that, for the period from 
October 2018 to March 2019, the quantities of the 
eroded fallen materials from the slope composed of 
sediments of the Topola Formation in the area of 
the Zelenka locality is 489 m3. The length of the af-
fected area is about 680 m and the total length of the 
fallen masses is 158.7 m.

The laboratory tests indicate that the eroded mate-
rial has lower plastic properties than the material taken 
from the slope. The soil classification based on BDS 
EN ISO 14688-2 is silt (Si). The classification of soil, 
according the old BDS 676-85, is silty sandy clay.

The fallen material blocks the drainage ditch at 
the base of the slope. In case they are not dealt with 

in a timely manner, these processes may damage the 
asphalt surface, which could lead to the road being 
closed next year.
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