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Резюме. Глините са от съществено значение за индустрията поради техните химични, минераложки и физични свойства. 
Също така създават условия за възникване на опасни геоложки процеси като свлачища и сляганена земната основа при стро-
ителни дейности. Разбирането на техните характеристики е от решаващо значение за подобряване на промишлената ефектив-
ност и намаляване на рисковете за околната среда. Тази статия разглежда минераложките, химичните и физичните свойства на 
неогенските глини от Ракевския клин в Криводолската свита, с акцент върху тяхната пригодност за промишлени приложения 
и устойчивост на околната среда. Резултатите показват значително минерално разнообразие, включително доминиращи фази с 
кварц, каолинити, смектити и, по-специално в някои проби, високо съдържание на арагонит, което влияе върху техническите 
характеристики на всяка проба и податливостта към опасности за околната среда. Физически параметри като водно съдържание, 
пластичност и зърнометричен състав показват, че най-подходящи за керамика са глините от района на село Големанoво, където 
има и най-високо съдържание на глинести минерали. В допълнение, високото съдържание на арагонит в пробите от района на 
град Димово създава потенциални рискове от нестабилност там където инфилтрацията на вода може да доведе до структурно 
отслабване по склоновете. Резултатите подчертават значението на подробната характеристика на минераложките, химичните и 
физичните свойства при определяне на приложимостта на глините за промишлена употреба и в стратегиите за управление на 
природния риск.

Ключови думи: глини, химия, минералогия, физични свойства, СЗ България.

Abstract. Clays are essential across industries due to their chemical, mineralogical, and physical properties. They also create favor-
able conditions for the activation of landslides and soil subsidence during construction activities.. Understanding their characteristics 
is crucial for improving industrial efficiency and reducing environmental risks. This paper examines the mineralogical, chemical and 
physical properties of Neogene clays from the Rakevo wedge in the Krivodol Formation, with a focus on their suitability for industrial 
applications and environmental stability. The results show significant mineral diversity, including dominant phases with quartz, kaolinites, 
smectites, and, notably in certain samples, high aragonite content, influencing each sample’s technical performance and susceptibility to 
environmental hazards.  Physical parameters such as water content, plasticity, and grain size distribution indicate that the clays from the 
area of Golemanovo village, which exhibits the highest clay minerals content are most suitable for ceramics. In addition, the high aragonite 
content in samples from the area of Dimovo town poses potential instability risks where water infiltration may lead to structural weakening 
of the slopes. Findings underscore the importance of detailed mineralogical, chemical and physical characterization in determining the 
clays performance for industrial use and in natural risk management strategies.
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Introduction 

Clays are widely used in numerous industries due to 
their unique mineralogical, chemical, and physical 
properties. Predominantly composed of clay miner-
als, they play a fundamental role in sectors includ-
ing ceramics manufacturing, as dryer agents, oil re-
fining, and civil engineering. The physicomechani-
cal properties of clays, such as permeability, stabil-
ity, and plasticity, are directly influenced by their 
mineralogical and chemical composition. These 
properties make clays versatile but also susceptible 
to environmental challenges, including landslides 
and ground subsidence, which can affect both their 
application and stability in natural and engineered 
environments. Therefore, a comprehensive under-
standing of clay‘s composition and properties is es-
sential for enhancing industrial processes and miti-
gating environmental risks.

Nowadays, the observed intensive development 
of some sectors of the economy such as construc-
tion, agriculture, as well as difficulties in material 
imports related to the complex general geopolitical 
situation, determine the increasing need for new po-
tential sources of clay raw materials for various in-
dustrial sectors, especially for the ceramic industry. 
For this reason, in recent years we have turned our 
attention to Neogene clays situated in Northwestern 
Bulgaria, located in the Rakevo wedge of the Kriv-
odol Formation. The lithological, biostratigraphic, 
and sedimentological characteristics of the Sarma-
tian sediments of the Krivodol Formation have been 
studied in detail in the past and presented in the 
works of Kojumdghieva (1961), Popov et al. (1964), 
Kojumdghieva et al. (1978), Kojumdghieva and 
Popov (1966, 1988), Koleva-Rekalova (2000), etc. 
The sediments of the wedge, represented by clays 
alternating upwards with interlayers of silty clays 
and clayey sands, were determined to be  of late 
Volynian age based on the fauna represented (Ko-
jumdghieva and Popov, 1988) and are widespread 
in the study area between the villages of Golemano-
vo, Staropatitsa, Bela, and the town of Dimovo 
(Angelov et al., 2006 a,b,c). Recently, we published 
some data for the mineralogical and chemical com-
position of sediments from the Rakevo wedge near 
Bela and Staropatitsa villages, which showed the 
potential prospects of these sediments as an indus-
trial raw material (Dotseva et al., 2023). 

To examine the chemical, mineralogical and 
physicomechanical characteristics of the clays from 

the Rakevo wedge, we have collected samples from 
wide areas near Bela and Staropatitsa villages and 
from two new localities – around Golemanovo vil-
lage and Dimovo town (Fig. 1). By examining each 
parameter closely, we attempted to draw conclu-
sions about the mechanical properties, expected 
performance in practical applications, and their sus-
ceptibility to natural hazard processes. 

Materials and methods

For the purpose of the study, 36 samples were col-
lected from the area of the villages of Bela, Staropa-
titsa, Golemanovo, and the town of Dimovo (Fig. 1). 

The mineral composition of all 36 samples was 
determined by powder X-ray diffraction (XRD) at 
the Laboratory of X-Ray diffraction at Sofia Uni-
versity “St. Kliment Ohridski”, Bulgaria. The pow-
der XRD patterns were recorded on diffractometer 
D8 Advance, Bruker using filtered Co-Kα radiation 
in the range 2Θ 4–80°, step 0.02° 2Θ, and exposure 
time per step 1.5 s. The software Diffrac.Eva was 
used for qualitative and semi-quantitative phase 
composition determination up to 100% from the 
crystal phase. The X-ray amorphous substance was 
calculated from the areas from the baseline to the 
profile line using the capabilities of the software 
Diffrac.Eva.

The chemical characterization of the samples 
was performed by XRF spectroscopy at  Sofia Uni-
versity “St. Kliment Ohridski.” Whole-rock major 
element analyses by X-ray fluorescence were per-
formed on a PANalytical (EDXRF, Epsilon 3XLE, 
Omnian 3SW) instrument. XRF analyses were 
conducted on fused disks of powdered material 
from the samples. The fused beads were prepared 
by mixing approximately 1  g of sample with 3  g 
of lithium metaborate (LiBO2) and 6 g of lithium 
tetraborate (Li2B4O7) flux. The melting process was 
realized using a Claisse LeNeo Fused Bead maker, 
in 5% Au–95% Pt casting bowls at 1065  °C. The 
loss of ignition (LOI) at 1000 °C was expressed as 
a percentage of sample weight dried in an oven at 
110  °C overnight. Analytical errors for major ox-
ides are within the range of 1%.

A representative sample from each area was ana-
lyzed for the evaluation of physical parameters and 
grain size distribution. The analyses were performed 
in the Engineering Laboratory of CC Consult Ltd.  
Atterberg limits (like liquid limit, plastic limit), and 
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plasticity index, which define the moisture and plas-
ticity characteristics of fine-grained soils (silt and 
clay) were used in this study to classify clays and 
assess their role as contributory factors in suscep-
tibility to hazard processes and their potential for 
industrial applications. Determination of particle 
size distribution in soils refers to the analysis of 
the proportion of different-sized particles within a 
soil sample, ranging from gravel to fine clay, and 
conducted by sieve analyses according to the CEN 
ISO/TS 17892-4 standard and classified according 
to BDS EN ISO 14688-2.

Results and Discussion
Mineralogical composition

According to the obtained XRD data, the samples 
from the area of Bela village consist of predomi-

nantly quartz, clay minerals represented by the two 
structural groups – smectite (montmorillonite and 
nontronite) and kaolinite (kaolinite and halloysite), 
with subordinate quantities of mica. Other present-
ed minerals are potassium feldspars and very small 
quantities of hematite and olivine (Fig.  2a). The 
semi-quantitative XRD analysis on the distribution 
of minerals in the 10 studied samples from the area 
around the Bela village indicate two distinct groups 
of samples, designated as group BEL-I  and group 
BEL-II. The semi-quantitative data shows that, in 
the east-west direction, the samples in group BEL-I 
have high clay mineral contents (48–53%, of which 
smectites – 13–15%, kaolinites – 35–38%) and rela-
tively low quartz content (30–35%) in the eastern 
and central parts of the study area (Fig. 2b – BEL-I). 
Although mica group phyllosilicates are also clas-
sified as clay minerals (Rieder et al., 1998; Gug-
genheim et al., 2006), in this study, mica minerals 

Fig. 1. Sampling areas plotted on geological maps according to Angelov et al., (2006a, b, c) on a scale of 1:50,000): a, Staropatitsa 
and Golemanovo regions, b, Bela and Dimovo regions

Фиг. 1. Площи на опробване, нанесени върху геоложки карти по Ангелов и др., (2006 a, b, c) в мащаб 1:50 000): а) райони 
Старопатица и Големаново, b) райони Бела и Димово
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are presented as a separate group, as they are not 
considered a beneficial component for the ceramic 
industry. In fact, the presence of coarse-crystalline 
micas is known to cause technological challenges. 
In the examined clay samples, mica is not macro-
scopically visible, a finding confirmed by the pow-
der X-ray diffraction analysis. The XRD patterns 
of all investigated samples indicate that the de-
tected micas are small-crystalline and lack a well-
developed basal pinacoid. These results suggest 

that the presence of mica in the studied samples 
would not pose technological difficulties for ce-
ramic production.

It should be noted that a large amount of X-ray 
amorphous substance is registered in the XRD pat-
tern of these samples, which likely contents clay 
minerals, based on chemical composition and grain 
size data (Tables 1 and 2). This suggests the actual 
percentage of clay minerals could be higher. In the 
westernmost parts of the studied area, an increase in 

Fig. 2. а, Powder XRD pattern of a sample from group BEL-I (location: 500 m SE of Bela village); b, the average mineral composi-
tion of samples in the two main groups in Bela area (simbols: Q, quartz; Kaol, kaolinite (plus halloysite); Mtm, montmorillonite, 
Mica, muscovite and sericite; KFs, potassium feldspar).

Фиг. 2. а) Праховa рентгенова дифрактoграма на проба от група BEL-I (локация: 500 m ЮИ от село Бела); b) осреднен ми-
нерален състав на пробите в двете основни групи в района на Бела (символи: Q – кварц; Kaol – каолинит (плюс халоизит); 
Mtm – монтморилонит, Mica – слюда (мусковит и серицит); KFs – калиев фелдшпат).

Table 1
Chemical composition of investigated sediments, in wt. %

Таблица 1
Химичен състав на изследваните седиментни скали, в тегловни %

Oxide
Sample

BEL-I BEL –II STP-I STP-II GOL-I GOL-II D-1
SiO2 60.50 74.55 56.64 73.12 50.17 68.10 15.64
Al2O3 23.28 14.40 19.35 9.58 23.81 16.00 4.51
Fe2O3 3.65 1.86 3.59 3.74 6.03 3.35 1.73
TiO2 0.76 0.60 0.98 0.73 0.73 0.88 0.20
MnO – 0.01 0.01 0.04 0.01 0.02 0.02
CaO 0.76 0.40 4.72 1.67 0.78 1.25 39.00
MgO 1.01 0.38 0.67 0.36 1.59 1.15 1.26
K2O 1.63 1.13 1.15 0.74 1.44 2.07 0.43
Na2O 0.20 0.16 0.51 0.68 0.29 0.23 0.56
P2O5 0.087 0 0 0.01 0 0 0.09
SO3 – – – – – – 0.76
LOI 7.83 6.47 12.32 9.28 15.10 6.86 35.24
Total 99.71 99.94 99.94 99.95 99.94 99.91 99.44

*LOI (loss on ignition) – weight loss of the sample after thermal heating at 1000 °C.
*LOI (загуба при нагряване) – загуба на тегло на пробата след термично нагряване при 1000 °C
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the terrigenous component is observed, with quartz 
reaching up to 85%, and potassium feldspar up to 
6%, probably due to the proximity to the Belograd-
chik pluton, which is a possible sediment source 
(Fig. 1b – BEL-II). The presence of olivine in the 
samples suggests that the mafic rocks from Ray-
anovo Formation (Tenchov, Yanev, 1963) located 
further to the south, may also have contributed sedi-
ments transported and deposited along paleo-rivers.

The qualitative mineral composition of the sedi-
ments from the area of the Staropatitsa village is 
similar to that from the area of Bela. The main phas-
es are again represented by quartz and clay minerals 
(kaolinite and smectite type), with smaller quanti-
ties of mica, potassium feldspar, albite, and, in some 
samples, calcite is also recorded (Fig. 3a). Due to 
the alternation of clayey and more sandy layers 
within the Rakevo wedge, two groups of sediments 

Table 2
Physic mechanical properties, and grain size distribution of investigated sediments

Таблица 2
Физико-механични свойства и зърнометричен състав на изследваните седиментни скали

Physic-mechanical parameter
Sample

BEL-I STP-I GOL-I D-1
Color  Variegated Variegated 5Y 6/2 2.5Y 7/3
Specific density (Ps) 2.59 2.62 2.64 2.77
Water content (W) 3.13 7.5 39.60 31.43
Liquidity limit (Wl) 41.98 49.23 90.37 52.43
Plasticity limit (Wp) 12.23 15.27 25.52 20.46
Plasticity index (Ip) 29.75 33.96 64.85 31.97
Consistency index (Ic) 1.31 1.23 0.78 0.66
Consistency Very hard Very hard Hard Medium hard
Soil type ClM ClM ClV ClH
Particle size distribution, %

Gravel (2.0–63 mm) 0.72 1.54 0 0.08
Sand (0.063–2.0 mm) 36.54 8.2 0.22 1.49
Silt (0.002–0.063 mm) 20.69 39.04 3.57 74.11
Clay (<0.002 mm) 42.05 51.22 96.21 24.32

Soil Class saClM ClM ClV  siClH

Fig. 3. a, Powder XRD pattern of a sample from group STP-I (location: 1 km SE from Staropatitsa village); b, the average mineral 
composition of samples in the two main groups in Staropatitsa area (simbols: Q, quartz; Kaol, kaolinite (plus halloysite); Mtm, 
montmorillinite, Mica, muscovite and sericite; KFs, potassium feldspar; Pl, plagioclase; Cal, calcite).

Фиг. 3. а) Праховa рентгенова дифрактoграма на проба от група STP-I (локация: 1 km ЮИ от село Старопатица); b) осред-
нен минерален състав на пробите в двете основни групи в района на Старопатица (символи: Q – кварц; Kaol – каолинит 
(плюс халоизит); Mtm – монтморилонит, Mica – слюда (мусковит и серицит); KFs – калиев фелдшпат; Pl – плагиоклаз; 
Cal – калцит).
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can be distinguished here based on the amounts of 
quartz and clay minerals. Sediments with a higher 
clay minerals content (STP-I) occupy most of the 
area, while significantly more terrigenous sedi-
ments (STP-II) are found only in the northern part, 
where they contact with more sandy interlayers. In 
contrast to the sediments in the Bela area, the quan-
titative relationships of the main minerals in the 
STP-I group show a slightly lower and more het-
erogeneous distribution of clay minerals across the 
studied area (Fig. 3b). The sediments from the west-
ern and northwestern parts of the studied area are 
characterized by the presence of calcite (Fig. 3a), 
probably due to close contact with the carbonates 
from the Urgonian Carbonate Complex to the north-
northwest (Fig. 1a). Muscovite, sericite, albite, and 
potassium feldspar are represented as secondary 
and underrepresented minerals in the sediments 
from the Staropatitsa area. The presence of goethite 
is also recorded in rare clayey sediments with red-
colored spots.

As part of the Rakevo wedge, the sediments 
from the Golemanovo area show a mineral com-
position similar to the sediments from the previous 
two areas (Fig. 4a). The main differences lie in the 
quantitative ratios of the main minerals - quartz and 
clay minerals, as well as the ratio of the quantita-
tive relationships of the two types of clay miner-
als. It follows from the data that the sediments from 
the Golemanovo area have the highest clay content 
(56–59%) and the lowest quartz content (22–25%). 

In turn, the ratio of the two structural types of clay 
minerals (smectite and kaolinite) is also different 
compared to the previous two regions. Golemanovo 
sediments are characterized by a significant increase 
in the proportion of montmorillonite within the clay 
component (Fig. 4b). The sediments of the studied 
area show a uniform mineral distribution, except 
in two samples from a thin strip at the eastern end, 
which are significantly more terrigenous (Fig. 4b).

The analysis of sediments from the area of Di-
movo town revealed unexpected findings. Initial 
samples of visually determined clays from the area 
showed a mineral composition predominantly con-
sisting of aragonite (55–57%), quartz (10%), clay 
minerals (15%), mica (8%), and smaller amounts 
of albite, calcite, and gypsum (Fig. 5). In the sam-
ples from subsequent sampling along a 2 km sec-
tion of the European route E-79, aragonite content 
increased to 82–85%. Similar aragonite-rich sedi-
ments with Sarmatian age was found in Topola For-
mation in NE Bulgaria and were first described and 
studied by Koleva-Rekalova (1992, 1994, 1997). In 
later works, Koleva-Rekalova et al. (1998, 2000, 
2001, 2002) and Petrovic, Koleva-Rekalova (2009) 
reported such rocks in NW Bulgaria north of the 
town of Vidin and near Smirnenski village, as part 
of Florentin Formation. Literature data inidcate that 
aragonite rocks are described to the north and south-
east of the studied area. Our results provide a good 
basis for future studies to clarify the distribution of 
this rock type and the Florentin Formation. 

Fig. 4. a, Powder XRD pattern of a sample from group GOL-I (location:1 km NE from Golemanovo village); b, the average mineral 
composition of samples in the two main groups in Golemanovo area (simbols: Q, quartz; Kaol, kaolinite (plus halloysite); Mtm, 
montmorillonite, Mica, muscovite and sericite; KFs, potassium feldspar).

Фиг. 4. а) Праховa рентгенова дифрактoграма на проба от група GOL-I (локация: 1 km CИ от село Големаново); b) осред-
нен минерален състав на пробите в двете основни групи в района на Старопатица (символи: Q – кварц; Kaol – каолинит 
(плюс халоизит); Mtm – монтморилонит, Mica – слюда (мусковит и серицит); KFs – калиев фелдшпат).
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Although Dimovo’s sedimentary material does 
not correspond to the present study, it was analyzed 
similarly to the other materials, as they are known 
to have a possible negative impact on landslide ac-
tivity. Aragonite sediments pose significant geo-
logical hazards mainly in coastal areas, particularly 
for landslides and erosion. For example, studies on 
Bulgaria’s Black Sea coast have shown that uncon-
solidated aragonite sediments in the Topola Forma-
tion are susceptible to erosion, potentially affecting 
slope stability and road integrity (Koleva-Rekalova 
et al., 1996; 1999; Ivanov et al., 2019; Nankin et al., 
2022). 

Chemical composition

The results of the chemical analysis of the chosen 
samples show that the investigated clays were com-
posed mostly of silica (SiO2), alumina (Al2O3), and 
iron oxide (Fe2O3), with minor amounts of TiO2, 
CaO (excluding the D-1 sample), MgO, Na2O, and 
K2O (Table 1). The obtained chemical composi-
tion correlates with mineralogical data and shows 
the existence of the distinct mineral phases that 
have crystallized as quartz, kaolinite, montmoril-
lonite and aragonite, according to the findings of 
this study. For example, the highest SiO2 content in 
samples BEL-II (74.55%) and STP-II (73.12%) in-
dicates their more quartz-rich composition. GOL-I 
has the highest Al2O3 content (23.28%), followed 
by BEL-I (23.81%), indicating a higher presence 
of clay minerals like kaolinite or other aluminium 

silicates. Corresponding to the mineral composition 
D-1 is low in alumina (4.51%) and stands out with 
a remarkably high CaO content (39.00) and LOI 
(35.24%), suggesting a high carbonate content from 
aragonite and calcite. GOL-I has the highest Fe2O3 

content (6.03%). In our previous work (Dotseva et 
al., 2023) conducted in the Bela and Staropatitsa ar-
eas, the presence of goethite, along with evidence 
suggesting that the smectite mineral might be non-
tronite, were represented. As part of the same geo-
logical region (Rakevo wedge), it is reasonable to 
hypothesize that the smectite mineral in the Gole-
manovo area could be also nontronite. Addition-
ally, the X-ray amorphous phases in this region are 
likely to include iron hydroxides and oxo-hydrox-
ides, such as hematite, goethite, and limonite. In 
samples BEL-I, the presence of Fe2O3, apart from 
the aforementioned minerals, may be explained 
by the occurrence of olivine and magnetite. MgO 
content is relatively low, but GOL-I and D-1 show 
slightly elevated content (1.59 and 1.26%, respec-
tively), which could be explained by the presence of 
montmorillonite. K2O content is highest in GOL-II 
(2.07%), reflecting the higher mica content.

Physical parameters 

The physical parameters of the studied samples are 
represented in Table 2. The color varies and accord-
ing to the Munsell color system (1905) samples 
GOL-I and D-1 exhibit shades ranging from light 
olive gray to pale brown. Notably, samples BEL-
I and STP-I show variegated color patterns, high-
lighting their heterogeneity in composition. 

Water content across the samples varies signifi-
cantly, closely reflecting their mineral composition, 
particularly clay and silt content. GOL-I has the 
highest water content (39.60%) and a high plastic-
ity index (64.85%), which correlates with its ele-
vated clay content (96.21%). This substantial water 
retention can lead to swelling and shrinking, caus-
ing considerable volume changes under fluctuating 
moisture conditions. The consistency index (CI) is a 
key parameter in evaluating soil stability and helps 
quantify the soil‘s firmness. Classified as “hard”, 
the sample GOL-I is more susceptible to deforma-
tion or flow than sandier soils. Sample D-1 also 
demonstrates significant moisture retention, with a 
water content of 31.43%, primarily due to its high 
silt content (74.11%). Its plasticity index (31.97%) 

Fig. 5. Powder XRD pattern of sample D-1 (location: 1 km N 
from the town of Dimovo, near European route E-79)

Фиг. 5. Прахова рентгенова дифрактограма на проба D-1 
(локация: 1  km северно от гр. Димово, близо до главен 
път Е-79)
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is moderate compared to GOL-I. Classified as “me-
dium hard”, sample D-1 may experience a loss of 
strength when subjected to loading or saturation, 
heightening the risk of landslides and other types of 
ground failure.

Samples BEL-I and STP-I exhibit lower water 
contents (3.13% and 7.5%, respectively), result-
ing in reduced plasticity and less deformability 
when wet. Their sandier composition contributes to 
moderate plasticity indices (33.96% and 29.75%, 
respectively). Both BEL-I and STP-I samples are 
classified as “very hard” as consistency.

Grain size distribution

Based on the particle size distribution, gravel con-
tent is consistently low across all samples, ranging 
around 1–2% (Table 1.). Sand content varies but is 
generally much higher in samples like BEL-I (up to 
36.54%). Of particular importance is the content of 
the clay component, as a directly proportional trend 
can be clearly observed between the amount of frac-
tion below 2 mm and the values for the plasticity 
index (Fig. 6). The STP-I sample has a moderately 
low sand content (8.2%) and higher clay content 
(51.22%). The trend indicates that STP group sam-
ples may be more plastic and cohesive due to the 
higher clay content, whereas BEL group samples 
might show a more granular texture and could be-
have more like sandy or silty soils in terms of water 
infiltration and mechanical strength. 

Based on the particle size distribution, the BEL-
I and STP-I samples are classified as ClM (Clayey 
Silt, Medium), meaning they have moderate plas-
ticity and likely contain a balance between silt and 
clay. Sample GOL-I is an extreme case of clay dom-
inance (96.21% clay), making it highly cohesive, 
plastic, and likely to exhibit very low permeability. 
The near absence of gravel and sand further under-
scores its homogeneity as a clay-rich soil. Sample 
GOL-I is classified as ClV (Very Clayey Soil), sug-
gesting high clay content, very plastic behavior, and 
likely low permeability. In the samples from BEL-I, 
STP-I and GOL-I, the correlation between plasticity 
and fine fraction, according to the chemical analy-
ses, can be explained by the large amount of fine-
grained clay minerals. In the case of samples from 
Dimovo, the plasticity of the material from Dimovo 
is rather predetermined by the mineral composition 
(predominantly aragonite), as it is provided by the 
silt content. Samples have very high silt content and 
are likely to show properties associated with fine-
grained soils (such as lower permeability and high-
er plasticity). This indicates that the D-1 sample is 
likely to exhibit more cohesive behavior, potentially 
less suitable for applications requiring well-drained 
soils. Sample D-1 is classified as siClH (Silty Clay, 
High), emphasizing high silt content with signifi-
cant clay properties.

Application for ceramic industry and 
susceptibility to hazard processes

The studied clays exhibit a broad range of physical 
properties influenced by their mineralogical content 
and grain size distribution and provide essential in-
sights in determining their suitability for use in the 
ceramic industry and overall stability in various en-
vironments. 

The mineral composition of the samples varies 
considerably, with specific minerals contributing 
unique properties that influence their performance. 
Samples BEL-I, STP-I and GOL-1 contain high 
X-Ray amorphous content (Figs. 2–4), suggesting 
more reactive behavior during firing. This reactiv-
ity can impact sintering temperatures and densifica-
tion, influencing both ceramic strength and process-
ing efficiency. Quartz is a prominent component 
across all samples, with the highest percentages ob-
served in STP-I and BEL-I samples. While quartz 
can enhance the final product’s strength, excessive 

Fig. 6. Relationship between the contents (%) of the clay frac-
tion (< 0.002 mm) and the Plasticity Index (Ip)

Фиг. 6. Взаимоотношение на съдържанията (%) на глинес-
тата фракция (< 0,002mm) и Индекса на пластичност (Ip)
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amounts can introduce expansion issues during fir-
ing, potentially leading to cracking or warping. 

Kaolinite-type clays (kaolinite and halloysite) 
are key minerals present in all samples, with GOL-
I showing a notable concentration (35%). Kaolin-
ite contributes plasticity and is critical for mullite 
formation upon firing, which strengthens and en-
hances the durability of the ceramic. Montmoril-
lonite, present significantly in GOL-I (22%), con-
tributes additional plasticity (Fig. 7) but can lead to 
shrinkage and cracking during drying and firing if 
not managed effectively. The presence of hematite 
and olivine in BEL-I, despite their minor content, 
could influence the coloration of ceramics after fir-
ing. The sericite content in STP-I can impact plas-
ticity and firing behavior, while the calcite content 
may affect the porosity and strength of the ceramic 
material, potentially contributing to a more porous 
but stronger final product. Albite, slightly higher 
in GOL-I, contributes mild fluxing properties that 
could enhance structural behavior at high tempera-
tures, while orthoclase in BEL-I, STP-I, and GOL-I 
acts as a fluxing agent that could lower the firing 
temperature, improving processing efficiency.

Sample GOL-I, containing over 50% clay min-
erals and 96% clay fraction, is the most clay-rich 
sample analyzed. Its mineral composition makes it 
particularly suitable for fine ceramics due to its high 
plasticity and moderate shrinkage potential. GOL-I 
has the highest water content, which enhances its 
plasticity and workability in a wet state. However, 
the high montmorillonite content necessitates care-

ful control during drying and firing to mitigate the 
risk of shrinkage and cracking. This sample‘s high 
moisture absorption indicates strong plasticity, 
though it demands precise drying management to 
prevent defects in the final product.

Sample D-1 shows a distinct phase composition 
due to high aragonite content, indicating a differ-
ent origin compared to the other samples. The water 
content in the sample indicates good plasticity, but 
the dominant silt grain size, aragonite and gypsum 
content in D-1 make this type of material not suit-
able for the ceramic industry. On the other hand, 
aragonite-rich soils can behave similarly to clay 
soils in certain circumstances, especially if they 
have a high content of fine-grained material. These 
soils can become highly unstable when saturated, 
losing cohesion and could trigger mass movements 
in slope-prone environments. The high silt con-
tent and moderate clay content in D-1 suggest that 
the soil is reactive to changes in moisture and the 
presence of minerals like montmorillonite, which 
is highly expansive, could make them problematic 
in terms of engineering behavior due to their sig-
nificant swelling and shrinking potential. In slopes 
containing aragonite-rich sediments, chemical dis-
solution can lead to the formation of weak layers 
or fractures and the weak planes become potential 
sliding surfaces, particularly when triggered by 
stress factors such as water infiltration, or additional 
weight. While aragonite itself isn’t the direct cause 
of landslides, its presence plays a role in the geo-
logical processes that can destabilize slopes. Under-
standing the mineralogy and physical parameters of 
this type of material is crucial for assessing land-
slide risk and implementing preventive measures.

Conclusions

The obtained results for mineralogical, chemical and 
physical characteristics of the studied clays provide 
insights into their possible industrial applications 
and environmental stability. The studied samples are 
fine-grained and primarily composed of quartz, clay 
minerals, and notably high aragonite content in some 
of them. Quartz and kaolinite contents influence 
properties beneficial for ceramics, such as strength 
and plasticity, while high montmorillonite levels de-
mand careful processing to minimize shrinkage risks 
during firing. The samples GOL-I, with high clay 
content, dominated by fine-clay structure and good 

Fig. 7. Relationship between the percentage contents of kaolin-
ite and montmorinonite and the index of plasticity (Ip)

Фиг. 7. Взаимоотношение на процентните съдържания на 
каолинита и монтморинонита и Индекса на пластичност (Ip)
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plasticity can be noted as promising for the ceramic 
industry. The aragonite-rich sample D-1 is distinctly 
different from other samples by its mineralogical 
composition and high silt content, exhibiting charac-
teristics similar to clays, but it is not suitable for the 
ceramic industry. Nevertheless, the characteristics of 
this type of aragonite-rich sediments pose a signifi-
cant instability risk when subjected to moisture fluc-
tuations and need to be further investigated in terms 
of natural hazards. The findings highlight that under-
standing clay mineralogy and physical properties is 
essential for optimizing industrial use and mitigating 
environmental hazards.

Acknowledgments: This research was financed 
by the European Union-NextGenerationEU, 
through the National Recovery and Resilience Plan 
of the Republic of Bulgaria, project No BG-RRP-
2.004-0008-C01.

References

Angelov, V., M. Antonov., S. Gerdjikov, I. Klimov, P. Petrov, H. 
Kiselinov, G. Dobrev, S.  Syniovski, S. Pristavova. 2006a. 
Geological Map of Bulgaria on Scale 1:50 000, Zaechar Map 
Sheet. Ministry of Environment and Water, Geocomplex Ltd.

Angelov, V., M. Antonov., S. Gerdjikov, I. Klimov, P. Petrov, H. 
Kiselinov, G. Dobrev, S.  Syniovski, S. Pristavova. 2006b. 
Geological Map of Bulgaria on Scale 1:50 000, Dimovo Map 
Sheet. Ministry of Environment and Water, Geocomplex Ltd.

Angelov, V., M. Antonov., S. Gerdjikov, I. Klimov, P. Petrov, H. 
Kiselinov, G. Dobrev, S.  Syniovski, S. Pristavova. 2006c. Ge-
ological Map of Bulgaria on Scale 1:50 000, Rakovitsa Map 
Sheet. Ministry of Environment and Water, Geocomplex Ltd.

BDS EN ISO 14688-2. Geotechnical investigation and testing − 
Identification and classification of soil − Part 2: Principles for 
a classification (ISO 14688-2:2017). European Committee for 
Standardization.

CEN ISO/TS 17892-4. Geotechnical investigation and testing − 
Laboratory testing of soil − Part 4: Determination of particle 
size distribution (ISO 17892-4:2016). European Committee for 
Standardization.

Dotseva, Z., Ts. Stanimirova, D. Vangelov. 2023. Characteristics 
of Neogene clay materials in Northwest Bulgaria – new data 
for the area near Bella and Staropatitsa villages. – Geologica 
Balc., 52, 3, 73–79; https://doi.org/10.52321/GeolBalc.52.3.73. 

Guggenheim, S., J. M. Adams, D. C. Bain, F. Bergaya, M. F. Brig-
atti, V. A. Drits, M. L. L. Formoso, E. Galân, T. Kogure, H. 
Stanjek. 2006. Summary of recommendations of nomenclature 
committees relevant to clay mineralogy: report of the Associa-
tion Internationale pour l’Etude des Argiles (AIPEA) Nomen-
clature Committee for 2006. – Clays and Clay minerals, 54, 
761–772.

Ivanov, P., R. Nankin, M. Krastanov. 2019. Cliff erosion – map-
ping, causes and effects in coastal zone near Cape Kaliakra 
(northern Bulgarian Black Sea). – Geologica Balc., 48, 3, 
35–41.

Kojumdghieva, E. 1961. Stratigraphy of the Miocene in the Ogosta 
River Basin. – In: Works on the Geology of Bulgaria, Stratig-
raphy and Tectonics, 2, 225–249.

Kojumdghieva, E., N. Popov. 1966. Main lines of the paleogeo-
graphic evolution of Northwestern Bulgaria during the Neo-
gene. − Rev. Bulg. Geol. Society, 27, 3, 313–316.

Kojumdghieva, E., M. Stancheva, P. Dikova, St. Stoykov, N. Po
pov. 1978. Neogene en Bulgarie du Nord-Ouest. − In: Guide 
de l’excursion du IX Symposium du groupe Paratethys, Sofia, 
42 p.

Kojumdghieva, E., N. Popov. 1988. Lithostratigraphy of the 
Neogene sediments in Northwestern Bulgaria. – Palaeont., 
Stratigr., Lithol., 25, 3–25 (in Bulgarian).

Koleva-Rekalova, E. 1992. Unconsolidated aragonite sediments of 
Sarmatian age in Northeastern Bulgaria. – C. R. Acad. Bulg. 
Sci., 45, 9, 73–76.

Koleva-Rekalova, E. 1994. Sarmatian aragonite sediments in 
Northeastern Bulgaria – origin and diagenesis. – Geologica 
Balc., 24, 5, 47–64.

Koleva-Rekalova, E. 1997. Sedimentological characteristics of the 
Sarmatian rocks in the Balchik area, Northeast Bulgaria. − 
Rev. Bulg. Geol. Soc., 58, 1, 31–42 (in Bulgarian, with English 
abstract).

Koleva-Rekalova, E. 1998. Sarmatian aragonite sediments from 
Northwestern Bulgaria. – C. R. Acad. Bulg. Sci., 51, 7/8, 49–51.

Koleva-Rekalova, E. 2000. Sedimentological characteristics of 
the Sarmatian rocks from Northwestern Bulgaria. – Rev. Bulg. 
Geol. Soc., 61, 1–3, 95–100 (in Bulgarian, with English ab-
stract).

Koleva-Rekalova, E. 2001. Attempt for correlation of the Mio-
cene (Sarmatian) aragonite sediments from North Bulgaria. –  
C. R. Acad. Bbulg. Sci., 54, 12, 67–72.

Коleva-Rekalova, Е. 2002. Aragonite sediments: nomenclature and 
classification. – Rev. Bulg. Geol. Soc., 63, 1–3, 21–22.

Koleva-Rekalova, E., N. Dobrev, P. Ivanov. 1996. Earthflows in 
the Baltchik landslide area, Northeastern Bulgaria. – In: Pro-
ceedings of the 7th Intern. Symposium on landslides, June 
17–21, 1996, Trondheim, Norway, A. A. Balkema, Brookfield, 
Rotterdam, 473–478.

Koleva-Rekalova, E., N. Dobrev, P. Ivanov, A. Bozhinova. 1999. 
Sedimentological and engineering geological investigations of 
the Sarmatian rocks from the Balchik landslide area. – Rev. 
Bulg. Geol. Soc., 60, 1–3, 103–108 (in Bulgarian, with English 
abstract).

Munsell, A. H. 1905. A Color Notation. Boston: G. H. Ellis Co., 
146 p.

Nankin, R., M. Krastanov, M., P. Ivanov. 2022. Erosion of Coastal 
Slope in the Zelenka locality, Northern Black Sea Coast of 
Bulgaria. – Eng. Geol. and Hydrogeol., 36, 3–14 (in Bulgarian, 
with English abstract).

Petrovic, S., E. Koleva-Rekalova. 2009. Maeotian and Upper Sar-
matian (Chersonian) laminated aragonite-clayey sediments: 
Examples from Eastern Serbia and Northwestern Bulgaria. – 
In: Proceedings of the National Conference “GEOSCIENCES 
2009”. Sofia, Bulg. Geol. Soc., 71–72.

Rieder, M., G. Cavazzini, Y. S. D’yakonov, V. A. Frank-Kamen-
etskii, G. Gottardi, S. Guggenheim, W. P. Koval, G. Müller, 
A. M. R. Neiva, E. W. Radoslovich, J-L.Robert, F. P. Sassi, 
H. Takeda, Z. Weiss, D. R. Wones. 1998. Nomenclature of the 
micas. – Clays and Clay Minerals, 46, 586–595. 

Tenchov, Y., S. Yanev. 1963. Stratigraphy and lithology of the 
Upper Stephanian and Permian near the town of Belograd-
chik and Kityaevi village (Northwest Bulgaria). – Trav. Geol. 
Bulgarie, Ser. Stratigr. et Tect., 5, 69–97 (in Bulgarian, with 
English abstract).

Постъпила на 04.11.2024 г., приета за печат на 20.11.2024 г.
Отговорен редактор Филип Мачев

The published material was presented at the National Conference
with international participation GEOSCIENCES 2024.

https://doi.org/10.52321/GeolBalc.52.3.73

