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Abstract: The pottery produced from the Rujište deposit in Serbia has been protected under the
guidance of UNESCO and the Sector for Intangible Cultural Heritage of Serbia since 2019. A study
was conducted to evaluate the mineralogical characteristics of the raw clay from this deposit. This
study used various techniques, such as X-ray diffraction (XRD), infrared (IR) spectroscopy, X-ray
fluorescence (XRF), and differential thermal analysis (DTA) to characterize the clay. This study found
that the clay contained mostly clay minerals (56.3%–41.9%), with illite, smectite, and chlorite as the
predominant phases. Other phases identified were quartz, feldspars, carbonates, and iron-bearing
minerals (43.8%–58.1%). The chemical analyses revealed a high abundance of silica (>52 wt.%)
and alumina (~16 wt.%), with Fe2O3 (~6 wt.%), K2O (~2.8 wt.%), and a similar content of MgO
as the main constituents. The physical features that were investigated included the granulometry
(clay: ~31%–44%, silt: ~ 26%–23%, and sand: ~ 42%–32%), specific surface area (97 to 107 m2 g−1),
cation exchange capacity (12.5–13.7 mmol 100 g−1), and color (yellowish to moderate brown). The
preliminary results suggest that most of the raw clay from the Rujište deposit might be suitable for
use in traditional pottery manufacture.

Keywords: clay; raw material; pottery; Ražanj

1. Introduction

Raw clay materials are considered some of the most important parts of the fabri-
cation of ceramic [1–7] and different types of cosmetic, pharmaceutical, medical, and
environmental products [8–15]. Clays also have an important part in several industries
and they are applied in the manufacture of paper, paints, pneumatics, building, and other
materials [9,16–20]. The manufacture of ceramics, pottery, structural bricks, or tiles in-
volves the application of raw clays with minimal additional processing, directly mined
out from the ground in the vicinity of the processing plant. These raw clays, in their
untreated form, are easily workable because they already contain different amounts of
natural fillers and fluxes alongside the clay minerals (kaolinite, montmorillonite, illite,
vermiculite, etc.) in their composition, which makes them more plastic or non-plastic
(micas, quartz, feldspars, iron oxides, and hydroxides, like magnetite, hematite, etc.) [20,21].
The traditional technology for manufacturing ceramic materials, including single- and
double-firing processes, usually uses clay bodies comprising one type of clay together
with non-plastic materials [21,22]. Most clay bodies used for industrial applications are
the following three types: marly clays (illite–chlorite clay with smectite and carbonates),
red shale (illite + chlorite ± kaolinite ± smectite, and absence of carbonates) and kaolinite–
illite ball clay (+ quartz + carbonates or + quartz + feldspars) [16,21]. Minerals, such as
carbonates, quartz, feldspar, pyrite, iron oxy/hydroxy minerals, etc., represent the most
common impurities that can be present in the raw clay and can affect the main characteris-
tics and utilization of this type of material [22,23]. Raw clays show a unique composition
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based on their deposits, which is reflected in their complex mineralogical, chemical, and
physical characteristics [3,23–25], among others. It is possible to assess their potential
application based on these characteristics; therefore, they must be detailly investigated. The
discovery of the unique properties that various types of clay acquire after being fired led to
the development of the synthetic material known as ceramic. The production of ceramic
material, in its broad sense, is one of the oldest human activities in history [26,27]. Potters
typically do not use raw clay straight from the ground to make ceramics; instead, they
process and manipulate it in various ways to create a clay paste or body that is suitable
for the specific pottery vessel or ceramic object they want to produce [28–31]. Potters mix
dry and moist clay in different proportions and use various methods to blend them into a
single paste, resulting in different appearances for the intentionally mixed pastes. They
also temper and mix different clay sources to improve the clay’s physical behavior during
the production, drying, firing, and overall life cycle of the ceramic object. This includes
determining the best manufacturing and forming methods for the applied clay, managing
shrinkage during drying and firing, and ensuring the strength, toughness, thermal shock
resistance, and thermal conductivity of the finished object when in use [29–32].

There are clay deposits in Serbia that mostly contain abundant amounts of illite–mica
clay, along with varying amounts of kaolinite or smectite-type clays (and/or I/S mixed
layers). These deposits also have secondary minerals, such as quartz, feldspar, carbonates,
chlorites, and hematite [33–35]. There are several significant locations in the municipality
of Ražanj that date back to the time of the first settled communities engaged in agriculture
and animal husbandry about 7000 years ago [36]. The oldest and most well-explored
evidence of artefacts belonging to the Vinča culture and the Bronze and Iron Ages can
be found at Crnokalačka bara, located on the border between the villages of Rujište and
Crni Kao [36]. In the Ražanj municipality of Serbia, the Rujište deposit has raw clay that is
traditionally used for pottery making and cosmetic purposes. This area has enabled the
production of a specific type of hand-made unglazed pottery, earthenware called “crepulja”,
a shallow circular bread-baking pan. It received its name because it is manufactured using
a similar method as roofing tiles. We found the first mention of the production of crepulja
in Ražanj in 1928, made by Savić [37]. The most extensive research into the production of
Ražanj “crepulja” pans was performed years later by Petrović in 1936 [36]. In his work,
he described in detail the location and appearance of the raw materials used for making
the characteristic pottery, tools, and methods of preparing the clay, shaping, and firing,
with reference to their sale and distribution but without any geological or mineralogical
data about the samples [36]. Production of this pottery continued through the years, and in
2019, it became protected under the guidance of the Sector for Intangible Cultural Heritage
of Serbia, which includes elements determined by UNESCO [35]. Making pottery in the
village of Rujište near Ražanj is a craft that has been passed down since the 19th century.
The specific variety of pottery, crepulja, is made using two types of raw clay material and
one type of sand sourced from the same location, called “Crepuljarsko brdo”, in the village
of Rujište, part of the municipality of Ražanj. The process of making pottery includes
digging the necessary clay, mixing it by trampling, shaping it by hand, drying it, “tinning”
it with scraps of tiles, spraying it with water, and smoothing it. The pottery is then allowed
to dry and is smoked before being baked in a “furuna” (a wood-fired furnace) [35]. After
firing, the pottery is tied with wire and then covered in the ash from the furnace while no
other glazes are added. The pottery comes in three different sizes and can have a hole in
the middle, although there are also versions without the hole that are used for cooking
rather than baking. In the village of Rujište, men traditionally produce this type of pottery,
but today, women are also starting to take up this craft.

This paper aims to provide an overview of the mineralogical and chemical properties
of the raw clay from Rujište traditionally applied in pottery production, which has been
protected since 2019 under the guidance of the Sector for Intangible Cultural Heritage of
Serbia, as determined by UNESCO. Unfortunately, there are no detailed descriptions of
the composition of clays in this area, although several ethnographic and archaeological
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studies have been conducted on the pottery [36]. Data about the applied raw clay materials
are still scarcely available. Therefore, this type of investigation is the first of its kind for
the mentioned raw clay material. The information obtained will be used to gain a better
understanding of its main characteristics and will consequently provide a useful means for
future identification of the provenance for archaeological ceramics in this region.

2. Geological and Geographical Setting

The Rujište deposit can be found in the municipality of Ražanj, which is situated in the
southeast part of Serbia, about 185 km away from Belgrade, the capital of the country. Raw
clay from two localities in the Ražanj area has been investigated and found to be mostly
Neogene sediments (Figure 1). According to the geological map, this locality is extensive
and rich in sediments, consisting mainly of microcrystalline carbonate minerals mixed
with clay minerals and a small amount of detrital quartz and feldspar. The geological
map of the area reveals that the Middle Miocene is transgressive over the Jurassic and
Lower Cretaceous limestones, and it includes conglomerates, freshwater limestones, and
different colored types of clays (red, green, and grey) [38,39]. The location marked with
a star on the map represents the source of the two samples that were collected for the
investigations. This area has two types of sediment from different stratigraphic units. The
first is conglomeratic sandstone, while the second is marly–clayey sediment. These layers
lie discordantly over the basic highlands and rise under the marly–clayey sediments. In the
lower parts of the series, there are widespread conglomerates, sandstones, agglomerates
with intercalations of red and green clays, and argillaceous sandstones. In the higher parts
of the unit, there are finer sediments, including marls, sandstones, and marls with tuffs and
tuffites [38,39]. These sediments pass into fine-grained conglomerates of chlorite and sericite
schists, quartzite, limestone, and andesite. Conglomerates are replaced by subarkoses and
layers of coarsely dispersed clays. The detrital component of these sediments consists of
quartz, feldspar, chlorite, sericite schists, quartzite, and limestone which is also cemented
with a clay–carbonate material [38,39].
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Figure 1. Geological and geographical setting and location of the investigated samples.

3. Materials and Methods

The area under investigation consists of two distinct clay layers that are separated by
color. The first layer is located in the upper parts of the deposit and is made up of light
brown clay (sample 1) while the second layer, located in the lower parts of the deposit,
comprises dark brown-colored clay (sample 2) (Figure 2). Not only was the color considered
when choosing these samples but also the pottery manufacturer’s recommendation as these
raw clays represent materials that they use for production. The two collected samples,
around 1 kg each, were firstly dried at room temperature, then crushed and homogenized.
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Powder XRD data were obtained on a Rigaku SmartLab powder X-ray diffractometer
(40 kV, 30 mA) at room temperature using Bragg–Brentano geometry and CuKα radia-
tion. The measurements were performed on bulk samples, as well as on clay fractions
below 2 µm, separated by gravitational settling. Oriented aggregates were made from
the fraction < 2 µm using the glass slide method. The oriented samples were examined as
air-dried (AD), after solvation with ethylene glycol (EG), and after heating at 550 ◦C for 1 h
(H). The scan range was from 2 to 70º 2θ (for bulk samples and clay fractions) and from 2 to
30º 2θ (for oriented aggregates) with a scanning speed of 5º/min and a step size of 0.01.
PDXL 2 integrated X-ray powder diffraction software [40] with the PDF-2 database [41]
was used for mineral phase identification and semi-quantitative phase analysis using the
whole-powder-pattern fitting (WPPF) method incorporated in this software. Whole-rock
major (SiO2, Al2O3, Fe2O3(t), MnO, MgO, CaO, Na2O, K2O, TiO2, P2O5, SO3, Cr2O3, and
NiO) and trace (Ba, Ce, Co, Cr, Cs, Cu, Ga, La, Nb, Nd, Ni, Pb, Pr, Rb, Sc, Sm, Sr, Th, U, V,
W, Y, Zn, and Zr) elements were measured on 10g fused discs and powder press tablets,
respectively. The measurements were performed routinely on a Philips MagiX Pro at the
Institute of Geosciences at the University of Mainz. Infrared spectroscopic (IR) analysis
was performed by application of the Perkin Elmer 597 spectrometer and the standard KBr
pellet method in the region of 4000–200 cm−1. Differential thermal analysis (DTA) was
performed over a temperature range of 20–1100 ◦C and a heating rate of 10 ◦C/min by
application of the Adamel furnace equipped with a Pt-PtRh thermocouple and a power
controller by Powersupply. All measurements were performed in an air atmosphere using
Al2O3 as the reference material. The grain-size distribution was determined using the
pipette method according to the DIN ISO 11,277 (2002) after sieving for fractions higher
than silt. The cation exchange capacity (CEC) alongside the specific surface area (SSA) of
the samples was determined after saturation with methylene blue (MB) solution according
to the corresponding standard [42] followed by uniSPEC2 spectrophotometer. The colors
of the raw powder samples were visually compared with Munsell color cards.

4. Results and Discussion

An X-ray powder diagram of samples 1 and 2 is given in Figure 3. A database
search revealed that the sample contains minerals: quartz (ICDD # 01-085-1054), illite/mica
(ICDD # 00-058-2034), chlorite group mineral (ICDD # 01-074-1137), plagioclase group
mineral (ICDD # 01-080-1094), smectite and/or interstratified illite/smectite (ICDD # 00-
060-0318), and calcite (ICDD # 01-083-4601). A small amount of K-feldspar and dolomite is
also possible.
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A database search revealed that the following minerals were present in the sample:
quartz, illite/mica, chlorite group mineral, plagioclase group mineral, and a mineral from
the smectite group. It is also possible that a small amount of K-feldspar and calcite was
present. Figure 4 shows the powder diffractogram of the investigated samples tested on
clay fractions below 2 µm, separated by gravitational settling.
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The results of the quantitative phase analysis (Table 1) show a higher amount of quartz
in sample 2 than the sample 1. A smaller amount of chlorite was present in sample 2
compared to sample 1, while other identified mineral phases were present in similar
amounts in both samples.

Table 1. Results of the quantitative phase analysis (%).

Illite Smectite Chlorite Quartz Plagioclase Calcite

Sample 1 30.1 6.3 19.9 24.8 12.1 6.9

Sample 2 28.6 4.7 8.6 42.9 15.2 -

According to Abadir [43] and Jackson [44], the presence of quartz is necessary in the
clay body for the manufacture of all types of traditional ceramics to decrease the shrinkage
of the manufactured object, although it also reduces the body’s tendency to distort when
fired. The feldspar group of minerals, along with illite, mica, and chlorites, are considered
“flux-saturated” minerals that provide the clay body with K2O, Na2O, Al2O3, and SiO2
and affect the glaze melt. While they are favorable as flux agents, higher amounts of
these minerals make poor bases for functional pottery and can contribute to a high surface
tension; thus, they do not suspend well, leading to settling in a hard layer and drying into a
powdery surface [1,43,44]. Since pottery in the Ražanj municipality has been in production
for a long time, it is evident that the contents of flux minerals in the clay minerals and their
interaction in the clay body are at the necessary proportions for successful production.

The particle size distribution of clay is crucial for determining the properties of sus-
pensions, such as plasticity and viscosity, and the effects that occur during drying and
firing [45]. Samples 1 and 2 contained 31.2% and 44.5% clay, 26.4% and 23.4% silt, and 42.3%
and 32.2% sand, respectively. The results are represented graphically (Figure 5) in a ternary
diagram to show the proportions of clay, silt, and sand fractions in our samples [46,47].
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Both samples can be described, according to the diagram, as loam, with roughly equal
proportions of sand, silt, and clay, and moderately high porosity. Sample 1 had more of a
clayey–sand granulation, while sample 2 had a higher clay fraction. The high percentage of
quartz, observed by XRD analysis, was corroborated by the high percentage of sand and
silt in both samples. As previously mentioned, both samples had moderately high porosity,
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which is preferable since high permeability leads to low cohesion and implies difficulties
for extrusion processes [6,48].

The DTA data obtained for samples 1 and 2 are represented in Figure 6. Endothermic
reactions in the temperature range of 100–200 ◦C are caused by the loss of moisture and
interlayer water present in the phyllosilicate structure [49]. Among the reactions attributed
to the interlayer water, there are also peaks corresponding to the presence of minerals from
the mica and chlorite groups. An endothermic reaction around 200 ◦C usually indicates
the presence of smectites, such as montmorillonite or illite [50]. A band around 180 ◦C
is observed for sample 1, indicating a higher amount of these mineral phases, while for
sample 2, a shoulder and not a sharp band can be observed, indicating lower contents of
these phases when comparing only these bands.
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An OH component is released from goethite mineral or other iron hydroxides at
temperatures between 260 and 400 ◦C, where the conversion of Fe2O3 into Fe3O4 occurs
after the process of hydroxylation [51–53]. The exothermic band around 400 ◦C indicates
the presence of organic matter [51,54] in both of the investigated samples. The broad
endothermic peak between 500 and 600 ◦C, observed in both samples, is the result of dehy-
droxylation of the octahedral sheet and can be related to different amounts of illite, chlorite,
kaolinite, and smectite minerals [25,55]. The peak at 470 ◦C indicates the destruction of
the crystal lattice of minerals from the phyllosilicate group, and it can be observed with
a slightly higher intensity in sample 2 compared to sample 1. Chlorites exhibit a thermal
curve appearing as a broad and intense endothermic peak at temperatures between 550
and 670 ◦C paired with a smaller, sometimes hardly visible, narrow exothermic peaks at
temperatures between 805 and 875 ◦C [51]. The bands that correspond to chlorite minerals,
around 597 ◦C for sample 2 and 680 ◦C for sample 1, are of different intensities, indicating
a higher content of this phase in sample 1. This is in good agreement with the XRD data
obtained for the investigated samples. The bands between 800 and 850 ◦C, present as
large endothermic bands, indicate the presence of carbonate minerals. The presence of
well-expressed double thermal effects of carbonate thermal decomposition in sample 1
indicates a slightly higher content of these minerals when compared to sample 2. The
exothermic reaction observed at around 950 ◦C corresponds to smectite minerals, such as
montmorillonite [51,56–58]. Additionally, there was a smaller amount of minerals from
the kaolinite group compared to other clay minerals. The absence of a characteristic peak
that describes the transition of meta-kaolinite to mullite indicates that both of the samples
contained a smaller amount of minerals from the kaolinite group. Sample 1 had higher
contents of illite, chlorite, and carbonate minerals compared to sample 2, giving it a slightly
different thermal reaction.

The results of the infrared spectroscopy investigation for samples 1 and 2 are shown in
Figure 7. Upon comparison with the literature data, it was determined that the sample was
composed of a complex mixture of various minerals, including those from the clay group
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(illite, smectite, kaolinite), feldspar, carbonate, iron hydroxide/oxide, and quartz [59–62], in
addition to organic matter. The identification process was complicated due to the overlap-
ping characteristic peaks of several different minerals, owing to the sample’s polymineral
composition. The peaks at 470, 525, 648, 915, and 3450 cm−1, as well as the peak at 915 cm−1,
indicate the presence of minerals from the smectite–illite groups of clays [59]. The presence
of hydromica and illite is additionally confirmed by the appearance of peaks at 3599 and
999 cm−1. Minerals from the kaolinite group are indicated by the smaller peaks at 3460,
1629, 945, 912, 470, and 430 cm−1 [59–61], although these peaks are of a smaller intensity
and can overlap with minerals from the mica group. The peaks at 470, 525, 690, 780, 800,
1090, and 1152 cm−1 correspond to quartz, while the peaks at 430, 470, 525, 648, 730, 780,
1005, 1090, and 1160 cm−1 correspond to feldspars [62].
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The presence of carbonate is indicated by the peaks at 1445, 875, and 730 cm−1. The
carbonate peaks are of higher intensity for sample 1 compared to sample 2, indicating a
slight difference in the carbonate content. Ferrous minerals were identified by peaks at 410,
470, 680, 800, 1038, 1090, and 1660 cm−1 [62]. The hydroxyl group was observed by the
presence of peaks at 3610 and 3370 cm−1, while the peak at 1629 cm−1 corresponded to
the presence of water in the sample [63]. Organic matter was observed at wavelengths of
980, 1152, 1408, 1629, 2860, 2925, 2510, 2610, 2700, 2795, 3405, and 3645 cm−1, indicating
vibrations of CH2, COOH, and humin [64,65]. Sample 2 was similar to sample 1 and
contained a mixture of minerals, such as clay, feldspar, carbonate, iron oxide or hydroxide,
and quartz. However, sample 1 had a higher content of carbonaceous minerals when
compared to sample 2. This is indicated by the higher intensity of the band around
1445 cm−1. This statement is supported by the chemical analysis of both samples, as shown
in Table 2. The intensity of the bands corresponding to the hydroxyl group and water is
slightly higher for sample 1 compared to sample 2. This indicates that the water content in
the former was different from the latter. The most noticeable difference between the two
samples is the band around 1400 cm−1 which has significantly higher intensity in sample 1.
This difference is also reflected in the percentage of the mass lost during ignition, as shown
in Table 2, where we can observe slight differences between the samples.

The results of the chemical analyses of both of the investigated samples are presented in
Table 2. Samples 1 and 2 contained high levels of silica (>52 wt.%) and alumina (~16 wt.%),
with around 6 wt.% Fe2O3, 2.8 wt.% K2O, 4.8 wt.% CaO, and 2.9 wt.% MgO as the main
constituents. The mass ratio of SiO2/Al2O3 ranged from 3.45 to 3.62 for samples 1 and 2,
which was significantly higher than the values generally found for pure kaolinite (1.18),
montmorillonite, or illite (2.36) [25] and is in good accordance with the XRD and DTA data,
indicating the complex mixture of these minerals. These SiO2/Al2O3 ratios are probably
due to abundant quartz and variable mineral contents of smectite/illite/chlorite in the
samples studied [6,66–68].
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Table 2. Chemical analysis of the investigated samples.

Oxides (wt.%) Sample 1 Sample 2

SiO2 52.8 58.3

Al2O3 15.3 16.1

Fe2O3 6.9 6.8

MnO 0.1 0.1

MgO 2.9 2.2

CaO 4.8 1.2

Na2O 1.5 1.5

K2O 2.9 2.9

TiO2 0.8 0.9

P2O5 0.2 0.2

SO3 u.d. u.d.

LOI 12.5 10.4

Sum 100.7 100.6
Note: u.d.—under the detection limits.

Sample 1 had a higher content of CaO, with 4.8%, in comparison to the 1.2% observed
in sample 2. Higher contents of Ca oxides and Mg oxides indicate the presence of carbonate
and/or chlorite minerals [25], although this can be also attributed to the lower content
of smectites that were observed in the XRD investigation of the samples. High mass
loss on ignition (LOI) observed in both investigated samples may be associated with the
higher contents of clay minerals, such as illite and kaolinite, closely mixed with secondary
minerals, such as carbonates, organic matter, and hydroxides [19,25], which were confirmed
by differential thermal analysis and XRD investigations. Therefore, both of the samples
can be regarded as silica-rich materials, making them beneficial for ceramic products. The
contents of alkaline oxides (K2O and Na2O), probably originating from feldspars and
clay minerals, could further indicate the presence of the natural contents of flux materials.
Upon analyzing the trace amounts of elements found in the investigated samples, it was
discovered that barium (Ba), chromium (Cr), rubidium (Rb), strontium (Sr), vanadium (V),
and yttrium (Y) were present in abundance, with over 100 ppm per sample (Table 3). The
other tested elements had lower contents than these.

Table 3. The trace amounts of elements found in the investigated samples.

Elements (ppm) Sample 1 Sample 2

Ba 674 635

Ce 88 89

Co 25 22

Cr 118 122

Cs 8 6

Cu 45 44

Ga 18 20

Gd 9 11

La 42 45

Nb 14 15

Nd 37 38
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Table 3. Cont.

Elements (ppm) Sample 1 Sample 2

Ni 55 53

Pb 27 28

Pb 27 28

Pr 10 11

Rb 115 126

Sc 19 21

Sm 9 11

Sr 198 139

Th 14 14

U 1 u.d.

V 143 134

W 7 8

Y 31 34
Note: u.d.—under the detection limits.

Slightly soluble and extremely soluble salts and sulfates will cause efflorescence on
the surface [69] of the product, while higher contents of elements such as Sr, Co, Cu, V,
Fe, and Mn can lead to a color change during the firing of clay [70]. It has been reported
that vanadium stains are most obvious on cream-colored bricks and are usually green or
yellow [71]. They form in the clay during firing processes and are transported as soluble
potassium and sodium compounds to the brick surface, where the oxidation of vanadium
compounds occurs [71]. Although efflorescence is not harmful to the user of the pottery,
some reported efflorescence tests showed that the addition of magnesite (1 wt.%) removed
the incidence of vanadium staining, while calcite and fluorspar additions were not as
effective [71]. By adding barium compounds, such as barium carbonate, barium chloride,
or barium hydroxide to the raw material, the soluble sulfate salts were converted into
insoluble barium sulfate, reducing the effect of efflorescence, while with the addition of
2.0 wt.% barium carbonate, no efflorescence was observed [72]. Slightly higher contents
of elements such as Ba and Mg in the investigated samples could contribute to the lower
formation of salts that lead to the production of efflorescence in the final product.

The cation exchange capacity (CEC) is a measure of the quantity of exchanged cations
and is crucial in evaluating the quality of clays. Different types of clay minerals can be
classified as inert, including chlorite, illite, and kaolinite, which have a cationic exchange ca-
pacity ranging from 3 to 25 meq/100 g and a specific surface area of 10 to 100 m2/100 g [73].
Samples 1 and 2 demonstrated CEC values of 12.48 and 13.74 meq/100 g and specific
surface area (SSA) values of 97.73 and 107.58 m2/100 g, respectively. Therefore, the samples
can be described as mostly illite clay with a significant amount of chlorite type of minerals.
The literature data indicate that ball and marly clays are known for having a wide methy-
lene blue index range from 8 to 40 meq/100 g [74]. This allows for classifying these types
of clays, based on their theoretical technological performance, as high-plasticity clays with
a methylene blue index between 12 and 16.

The color of raw clay can be influenced by various factors, such as mineralogical and
chemical composition, geological locality, how deeply it was mined, and the influence
of atmospheric forces. The color of raw clay that is mined from shallow deposits may
be affected by the presence of organic matter covering it on the surface. Additionally,
heavy precipitation and subsequent flooding can introduce other substances that may
also impact the color of the clay. The Munsell cards for the dry samples 1 and 2 show a
yellowish brown (10YR5/4) and brown (5YR4/4) color, respectively. The color saturation
differed between sample 1 and sample 2 since they had a large difference in their contents
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of CaO (4.8 and 1.2 wt.%) and slight differences in their contents of MnO (0.1 and 0.1 wt.%)
and TiO2 (0.8 and 0.9 wt.%), respectively. The creamy yellowish brown color observed in
sample 1 could be attributed to the combination of Ca with other elements, like Sr and
Mn, and Ti minerals, such as rutile [75]. The presence of Cr is likely to result in darker
yellow shades [76], although the content of this element in both samples was similar. The
investigated samples had a higher content of naturally present Fe oxides, above 6 wt.%.
Fe3+ is responsible for the brown, yellow, black, and red colors after firing [77], and its
concentration also matters—less than 1 wt.% Fe (as oxide) produces a white color, 1–2 wt.%
imparts a yellow color, 2–3 wt.% produces a smooth color, and 4–5 wt.% and above give red
hues [75]. The combination of higher Fe2O3 and lower CaO present in sample 2 alongside
other elements yielded a darker shade of brown. The color can also be affected by the
presence of organic matter. Clays with an Fe2O3 content higher than 5% could be described
as “dark-firing” ceramic bodies, while those with an Fe2O3 content less than 5% could be
classified as “light-firing” ceramic bodies [5,43,78]. It is worth noting that compared to
other oxides, the Fe2O3 content was highest in the samples. Based on this factor alone, the
final color of the pottery product would be classified as a dark-firing body, which would
presumably fire in dark red hues.

5. Conclusions

The raw clay samples from the Ražanj deposit in Serbia consisted mainly of clay types
of minerals, illite, smectite, and chlorite. The secondary minerals that comprised the clays
were quartz, feldspars, Fe minerals (goethite and limonite), and carbonate minerals, present
in different amounts in the investigated samples. Sample 1 exhibited a slightly higher
abundance of illite, smectite, and chlorite minerals with a lower quartz content compared
to sample 2. All applied investigative methods confirmed the mineralogical composition of
the samples. Chemical analysis showed a relatively high abundance of silica and alumina
with a mass ratio of SiO2/Al2O3 that ranged from 3.45 (sample 1) to 3.62 wt.% (sample 2),
and the higher amounts of SiO2 correspond to the contents of quartz and feldspars in the
investigated samples. The content of Fe2O3 was similar in both investigated samples and
was around 6 wt.%. Sample 1 had a slightly higher content of CaO (4.8 wt.%) compared with
the 1.1 wt.% observed in sample 2. The contents of the trace elements in the investigated
samples showed that barium (Ba), chromium (Cr), rubidium (Rb), strontium (Sr), vanadium
(V), and yttrium (Y) were present in abundance, with over 100 ppm, with slight differences
between the samples. According to the ternary diagram that represents the grain size,
both samples can be described as loam, with roughly equal proportions of sand, silt, and
clay, and moderately high porosity. The cation exchange capacity (CEC) measurements
show that the samples varied between low- and middle-charged clay minerals (12.48 and
13.47 meq/100 g for samples 1 and 2, respectively), while the specific surface area (SSA)
ranged from 97.73 to 107.58 m2×g−1, for samples 1 and 2, respectively. Visual inspection
of the dry samples showed that sample 1 corresponded closely to a moderate yellowish
brown (10YR5/4), while sample 2 was moderate brown (5YR4/4) in color.

Our findings indicate that, based on their mineralogical characteristics, the investigated
raw clay samples from Ražanj are marly loam clays (illite–chlorite clay with smectite and
carbonates and a higher content of quartz) with a higher iron content that would fire red
(“dark-firing” ceramic bodies), and they are most suitable for application in the manufacture
of traditional pottery. To better characterize the Ražanj deposit and its application in the
ceramic industry, it is necessary to focus on further investigation, additional fieldwork, and
other methods, as well as the technological characterization of the clays from this region.
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