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Pestome. I'nHuTE Cca OT CHIIECTBCHO 3HAUCHHE 32 MHIYCTPUATA MOPAAN TEXHUTE XMMUYHH, MUHEPATOXKKH U (QH3HYHH CBOMCTBA.
CpI1o Taka ch31aBaT YCIOBHS 32 BH3HHKBAHE Ha OIACHH I'COJIOXKKH IIPOLECH KaTo CBIIAYMINA U CISITAHEHa 3eMHATa OCHOBA IIPH CTPO-
UTEJHU AeHHOCTH. Pa3dupaHeTo Ha TeXHUTE XapaKTEPUCTHKU € OT pelaBallo 3Ha4YeHHE 3a MOoJ00psSBaHEe Ha MPOMMILICHATA e(EeKTUB-
HOCT ¥ HAMaJIsIBaHE Ha PHCKOBETE 32 OKOJIHATA cpela. Ta3n cTaTHs pasriieska MHHEPAIOKKATE, XUMIYHHTE U (QU3HIHHUTE CBOMCTBA Ha
HCOTeHCKUTE INIMHU OT PakeBckus kiuH B KpuBogjoickara cBUTA, ¢ aKLEHT BbPXY TAXHATa IMPUTOJHOCT 3a TPOMUIINICHN TPUIIOKCHUS
U YCTOIYHBOCT Ha OKOJHATa cpeza. Pe3ynTaTuTe mokas3BaT 3HAUNUTEIIHO MIHHEPATHO pa3sHOoOpasne, BKIIOUHTEIHO JOMHHHpAIH (a3u ¢
KBapll, KAOJIMHUTH, CMEKTHTH H, MO-CICIUATHO B HAKOH MPOOH, BUCOKO ChIbP/KAHUE HA aparOHHUT, KOCTO BIIHAC BbPXY TEXHHYCCKUTE
XapaKTEePUCTHKH Ha BCSIKA ITP00a U MOAATINBOCTTA KbM ONIACHOCTH 33 OKOJIHATA cpena. PU3HIecKy mapaMeTpu KaTo BOJHO ChIbpXKaHHUE,
IIACTHYHOCT ¥ 3bPHOMETPUUCH ChCTAB [OKA3BAT, e HAl-MOIXO/IAIIH 32 KepaMHKa ca TIIMHUTE OT paiioHa Ha ceto ['oneMaHoBO, KbICTO
UMa ¥ Half-BUCOKO CBhIBPIKAaHUE Ha INIMHECTH MUHEpAIH. B 1ombiHeHHe, BUCOKOTO ChABPIKAHHE HA aparOHHUT B IPOOHTE OT paifoHa Ha
rpan JIMMOBO Ch37aBa MOTCHIHAIHN PUCKOBE OT HECTAOMIIHOCT TaM KbJCTO MHOUITPALHUATA Ha BOJA MOXKE 1 IOBEIE A0 CTPYKTYPHO
oTciabBaHe 10 CKJIOHOBETe. Pe3ynTaTuTe moquepTraBaT 3Ha4CHHETO Ha MOAPOOHATA XapaKTePHUCTHKA Ha MHHEPATIOKKHTE, XHMHIHHTE U
(u3nYHUTE CBOMCTBA IPU ONpEJE/IAHE Ha MPUIOKMUMOCTTA Ha TIMHHUTE 3a IPOMHUIIVICHA YyIOTpeOa U B CTPATETHUTE 3a yHPABICHUE Ha
TIPHPOTHHUS PUCK.

Kniovosu Oymu: riimHA, XUMHS, MUHEpanorys, Gpu3ndnu cBoiictBa, C3 Brirapus.

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.

Keywords: clays, chemistry, mineralogy, physical properties, NW Bulgaria.
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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
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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-Ka radiation
in the range 20 4-80°, step 0.02° 20, 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 (LiBO,) and 6 g of lithium
tetraborate (Li,B,0,) 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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®@ur. 1. [Tnouwm Ha onpobBaHe, HAHECEHN BbPXY I'€OJI0KKH KapTH 10 AHresnoB u ap., (2006 a, b, ¢) B mamab 1:50 000): @) paiioHu
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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., 20006), in this study, mica minerals
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Commander Sample ID (Coupled TwoTheta/Theta)
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Fig. 2. a, 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).

®@ur. 2. a) [IpaxoBa perrrenona qudpakrorpama Ha mpoda ot rpymna BEL-I (okanms: 500 m FOU ot ceno bena); b) ocpennen Mu-
HepaJieH ChCTaB Ha MPOOUTE B IBETE OCHOBHHU IpyNH B paiioHa Ha bena (cumBomm: Q — xBapiy; Kaol — KaomuHHT (TUTIOC XaJIOU3HUT);
Mtm — MmoHTMOpHIOHHT, Mica — citonia (MyckoBuT U cepunnt); KFs — kanues ¢enammnar).

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

Table 1

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

Chemical composition of investigated sediments, in wt. %

Tabmuna 1

Xumuuen cobecmas na u3cieosanume ceOUMeHmmu CKajlu, 6 mecilo6HU %

Sample

Oxide

BEL-I BEL -II STP-1 STP-1I GOL-I GOL-II D-1
SiO, 60.50 74.55 56.64 73.12 50.17 68.10 15.64
Al O, 23.28 14.40 19.35 9.58 23.81 16.00 4.51
Fe,0, 3.65 1.86 3.59 3.74 6.03 3.35 1.73
TiO, 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
K,0 1.63 1.13 1.15 0.74 1.44 2.07 0.43
Na,O 0.20 0.16 0.51 0.68 0.29 0.23 0.56
P,O; 0.087 0 0 0.01 0 0 0.09
SO, - - - - - - 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 (3aryba npu HarpsiBaHe) — 3ary0a Ha TerJio Ha mpodaTa ciex TepMuyHo HarpsiBane npu 1000 °C
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Table 2

Physic mechanical properties, and grain size distribution of investigated sediments

Tabnuma 2

DusuUKO-MeXaHU4HU CEOUCMBA U 3bPHOMEMPUHUEH CbCMAB HA UzCACOBANUME CCOUMEHIMHU CKANU

Sample
Physic-mechanical parameter
BEL-I STP-1 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 (W1) 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 CIM CIM Clv CIH
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 saCIM CIM Clv siCIH

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

Commander Sample ID (Coupled TwoTheta/Theta)
24009

1 STP-11 Amorphous 62%
I Quartz 51%
Kaolinite 10%
1 Halloysite 8%
I Montmorillonite 7%

Muscovite 6%
Orthoclase 2%
1 Sericite 10%
| Albite 2%
I calcite 4%

MM

2Theta (Coupled TwTheta/Theta WL 1. 78897
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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).

®@ur. 3. a) [IpaxoBa pentrenoBa au¢pakrorpama Ha mpoda ot rpymna STP-I (;mokamus: 1 km FOU ot ceno Craponaruna); b) ocpen-
HEH MHMHepaJieH ChCTaB Ha NPOOUTE B JABETE OCHOBHHM IpynH B paifona Ha Craponaruna (cumBomn: Q — kBapi; Kaol — xaonunuT
(urroc xanmomsut); Mtm — MoHTMOpHIOHUT, Mica — cirofa (MyckoBuT u cepunut); KFs — kanmues ¢engmmar; Pl — mmarnokmas;

Cal — xanuur).
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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.

Commander Sample ID (Coupled TwoTheta/Theta)

19007

1 GOL-11 Amorphous 52%
I Quartz 24%
Kaolinite 22%
I Halloysite 10%
I Montmorillonite 21%

15004 | Muscovite 14%
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Albite 4%
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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).

®@ur. 4. a) [Ipaxosa peHtrenoBa audpakrorpama Ha mpoda ot rpyna GOL-I (;mokanus: 1 km CU ot ceno ['onemanoBo); b) ocpen-
HEH MUHEpaJIeH ChCTaB Ha MPOOUTE B IBETE€ OCHOBHU Tpynu B paiiona Ha Craponatuna (cumsonu: Q — kBapiy; Kaol — kaonuaut
(TuTROC XaNMoM3HT); Mtm — MOHTMOPHIIOHHT, Mica — cironia (MyckoBuT u cepunut); KFs — kanues ¢enmmmar).
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Commander Sample ID (Coupled TwoTheta/Theta)

14004 1D-1 Amorphous 23%
n
12004

1000+
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2Theta (Coupled TwTheta/Theta) WL=1.78897

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

®@ur. 5. [IpaxoBa peHTreHoBa qudpakTorpama Ha mpobda D-1
(mokarmst: 1 km cesepro ot rp. JumoBo, 61130 10 Ii1aBeH
nsT E-79)

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
etal., 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 (SiO,), alumina (AL0O,), and
iron oxide (Fe,O;), with minor amounts of TiO,,
CaO (excluding the D-1 sample), MgO, Na,O, and
K,O (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 SiO, content in
samples BEL-II (74.55%) and STP-II (73.12%) in-
dicates their more quartz-rich composition. GOL-I
has the highest Al,O, 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 Fe,O,
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 Fe,O,, 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. K,O 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%)
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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.
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Fig. 6. Relationship between the contents (%) of the clay frac-
tion (< 0.002 mm) and the Plasticity Index (/,)
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Based on the particle size distribution, the BEL-
I and STP-I samples are classified as CIM (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 CIV (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 siCIH (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



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-1, 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-
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Fig. 7. Relationship between the percentage contents of kaolin-
ite and montmorinonite and the index of plasticity (/,)
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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
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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.
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