
ISSN 2181-8622 

Scientific and Technical Journal 

Namangan Institute of  

Engineering and Technology 

Volume 11 

Issue 1 

2026 

Manufacturing technology problems 

 

 





Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
257 

Vol. 11 Issue 1                                                                                                                                           www.niet.uz 
       2026 

ASSESSMENT OF THE CHEMICAL AND MINERALOGICAL 

PROPERTIES OF ROCKS FROM THE MOUNTAINOUS 

AREAS OF CHORTOQ DISTRICT, NAMANGAN REGION, 

BASED ON XRF AND FTIR METHODS 
 

SULTANOV DAVRONBEK 
PhD student, Namangan State Technical University, Namangan, Uzbekistan 

Phone.: (0599) 324-0913, E-mail.: sultanovdavronbek653@gmail.com    

 

MAMAHONOV AZAM 
Professor, Namangan State Technical University, Namangan, Uzbekistan 

Phone.: (0598) 772-7160, E-mail.: azamat0783@mail.com  

*Corresponding author 

 

Abstract: This article investigates the chemical and mineralogical composition of rocks from the mountainous areas of 

Chortoq District, Namangan Region, using modern instrumental analytical methods, namely energy-dispersive X-ray fluorescence 

(XRF) and Fourier-transform infrared spectroscopy (FTIR). The elemental composition was evaluated in terms of the mass fractions 

of the major oxide-forming components, and the relative amount of the carbonate phase was calculated from the calcium content 

using a stoichiometric approach. Spectral identification of mineral phases was carried out based on FTIR spectra. In order to 

establish the relationship between chemical and mineralogical indicators and mechanical strength parameters, integrated 

indicators such as the silicate index (SI), carbonate intensity index (CI), and mineral strength index (MI) were proposed. The 

obtained results confirmed that an increase in the carbonate phase content has a positive effect on the structural compactness and 

mechanical strength of the rocks. 
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Introduction. A comprehensive investigation of the chemical and mineralogical 

composition of natural rocks is of great importance for the scientific interpretation of their 

physico-mechanical properties, the assessment of their potential for industrial and 

construction applications, and the evaluation of their long-term service stability. In 

particular, the relative proportions of carbonate and silicate phases, the distribution of 

iron-bearing and aluminosilicate components, as well as the presence of secondary 

mineral phases, directly influence the density, porosity, water–rock interaction, and 

strength properties of rocks. 

The mountainous areas of Chortoq District are characterized by a geologically 

complex structure, and the rocks occurring in this region exhibit considerable 

compositional and structural variability. Determining the chemical composition of such 

rocks by instrumental methods, identifying their mineralogical phases by spectroscopic 

techniques, and correlating these indicators with mechanical strength results are essential 

for the scientific evaluation of regional raw material resources [1–2]. 

Among modern analytical techniques, energy-dispersive X-ray fluorescence (XRF) 

enables the relatively rapid, reliable, and accurate determination of the elemental 

composition of rocks. In particular, this method allows the evaluation of the major 

elements such as Ca, Si, Fe, Al, K, and Ti, making it possible to infer whether the rock has 

a predominantly carbonate or silicate nature. Fourier-transform infrared spectroscopy 
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(FTIR), in turn, is an effective technique for identifying mineral phases on the basis of 

functional group vibrations and provides spectral information on carbonate groups, 

hydroxyl zones, and silicate bonds [3]. 

The aim of the present study is to determine the chemical and mineralogical 

properties of rocks collected from the mountainous areas of Chortoq District, Namangan 

Region, using XRF and FTIR methods, to assess the ratio of carbonate and silicate phases, 

and to scientifically analyze their relationship with the levels of mechanical resistance. 

The objectives of the study were as follows: 

1. To determine the elemental composition of rock samples using the XRF method; 

2. To perform a stoichiometric estimation of the approximate mass fraction of the 

carbonate phase based on calcium content; 

3. To identify the principal mineral-functional groups using FTIR spectra; 

4. To calculate the silicate index, carbonate intensity index, and mineral strength 

index; 

5. To analyze the relationship between chemical and spectral indicators and 

mechanical resistance. 

The scientific novelty of this article lies in the fact that the chemical and 

mineralogical data of rocks from Chortoq District were evaluated in an integrated 

manner together with their mechanical strength levels, and the relationship between the 

increase in the carbonate component and the structural compactness and resistance of the 

rocks was demonstrated. 

Research Objects and Methods. Three rock samples collected from the 

mountainous areas of Chortoq District were selected for the present study. Based on the 

results of previous physico-mechanical tests, the samples were conventionally classified 

into low, medium, and high mechanical resistance categories. Such grouping made it 

possible to comparatively evaluate the relationship between the chemical and 

mineralogical characteristics and the mechanical properties of the rocks. 

 

 
A) 
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B) 

 
C) 

Figure 1. Sampling locations of the rock specimens 

 

For the purposes of the present study, the samples were designated as follows: A – 

Sample 1, B – Sample 2, and C – Sample 3. The selection of the specimens was based on 

their macroscopic integrity, freedom from external contamination, relative homogeneity, 

and suitability for laboratory analysis. For XRF and FTIR analyses, the samples were 

crushed, dried, and prepared in accordance with analytical requirements. 

XRF Analysis Method. The elemental composition of the rock samples was 

determined using the energy-dispersive X-ray fluorescence (XRF) method. The physical 

principle of this method is based on the excitation of the inner electron shells of atoms 

when the sample is irradiated with primary X-rays. As the atoms return to a stable state, 

secondary X-ray fluorescence characteristic of each element is emitted. By recording the 

energy and intensity of this radiation, both the qualitative and quantitative elemental 

composition can be determined from the resulting spectra [4]. 
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A major advantage of the XRF method in rock studies is that it enables the rapid, 

relatively non-destructive, and highly accurate determination of major as well as certain 

trace elements in a sample. In particular, this method is highly effective for identifying 

the principal components of carbonate and silicate rocks, such as Ca, Si, Fe, Al, K, and Ti. 

Therefore, in geology, petrography, geochemistry, and construction materials science, 

XRF analysis is widely used as one of the key instrumental techniques for the preliminary 

and comparative evaluation of rock composition. 

The analytical results were recorded as mass fractions of elements (wt.%). The main 

evaluated components included Ca, Si, Fe, Al, K, and Ti. In addition, the presence of 

elements such as Cl, S, Sr, and Mn was also detected. These supplementary elements 

provide additional geochemical information regarding the genesis of the rocks, 

secondary mineral transformations, alteration processes, and the composition of specific 

mineral phases. For example, Sr may be associated with carbonate environments, 

whereas Cl and S may be interpreted as possible indicators of saline or sulfate-related 

secondary processes. 

Stoichiometric Estimation of the Carbonate Phase. The calcium content was taken 

as the principal indicator of the carbonate phase. Assuming that calcium in the rock 

occurs predominantly in the form of calcium carbonate, the approximate amount of the 

carbonate phase can be estimated using a stoichiometric relationship: 

𝐶𝑎𝐶𝑂3 ≈ 𝐶𝑎 ⋅
𝑀(𝐶𝑎𝐶𝑂3)

𝑀(𝐶𝑎)
     (1) 

where 𝑀(𝐶𝑎𝐶𝑂3) = 100.9g/mol and 𝑀(𝐶𝑎) = 40.8g/mol. 

Thus: 
𝑀(𝐶𝑎𝐶𝑂3)

𝑀(𝐶𝑎)
=
100.9

40.8
≈ 2.497 

Accordingly, the approximate mass fraction of the carbonate phase can be expressed as 

follows: 
𝐶𝑎𝐶𝑂3(%) ≈ 2.497 ⋅ 𝐶𝑎(%) 

This approach does not represent the absolute mineralogical composition, but rather 

provides a rapid estimate of the relative proportion of the carbonate component. If 

calcium is also incorporated into other mineral phases, such as plagioclases, pyroxenes, 

or sulfate compounds, the actual carbonate content may differ from the calculated value 

[4]. 

Silicate Coefficient. In order to assess the mixed silicate–carbonate nature of the 

rock, a silicate index was introduced: 

𝑆𝐼 =
𝑆𝑖+𝐴𝑙

𝐶𝑎
      (2) 

where Si, Al, and Ca are the corresponding elemental mass fractions (wt.%). 

This coefficient expresses the relative abundance of aluminosilicate components 

with respect to calcium in the rock composition. A higher SI value indicates a stronger 

predominance of silicate and aluminosilicate phases. Conversely, a decrease in SI 

suggests a relatively greater contribution of the carbonate phase. This parameter is a 
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convenient dimensionless index for the comparative evaluation of the mineralization 

character of rocks. 

FTIR Spectroscopic Analysis. FTIR was used to identify mineral phases and 

functional groups. The spectra were recorded in the range of 4000–500 cm⁻¹. This spectral 

range covers the principal absorption bands characteristic of carbonate groups, hydroxyl-

bearing compounds, and silicate bonds. 

The main vibrations characteristic of the carbonate group are as follows: 

• 𝜈3(1400–1500 cm⁻¹) — asymmetric stretching vibration of the 𝐶𝑂3
2−group; 

• 𝜈2(~875 cm⁻¹) — out-of-plane deformation vibration; 

• 𝜈4(~710 cm⁻¹) — in-plane deformation vibration. 

The relative spectral intensity of the carbonate phase was evaluated using the 

following parameter: 

𝐶𝐼 =
𝐴(𝜈3)

𝐴𝑡𝑜𝑡𝑎𝑙
      (3) 

where: 

• CI is the carbonate intensity index; 

• 𝐴(𝜈3)is the integrated area of the 𝜈3peak; 

• 𝐴𝑡𝑜𝑡𝑎𝑙is the total integrated area of the spectrum. 

In addition, the broad absorption band in the range of 3400–3800 cm⁻¹ was recorded 

as a qualitative indicator of the presence of hydroxyl groups or adsorbed water. Certain 

peaks in the range of 600–1100 cm⁻¹, characteristic of Si–O bonds, were interpreted as 

silicate indicators. 

Mineral–Mechanical Integrated Parameter. In order to more comprehensively 

represent the relationship between chemical composition and mechanical resistance, a 

mineral strength index was proposed: 

𝑀𝐼 =
𝐶𝑎𝐶𝑂3

𝑆𝑖+𝐹𝑒
      (4) 

where 𝐶𝑎𝐶𝑂3is the stoichiometrically estimated carbonate content (%) based on the 

XRF data, and Si and Fe are the main components representing the relatively hard yet 

heterogeneous structure of the rock (wt.%). 

The physical significance of this index is that an increase in the carbonate 

component together with a relative decrease in silicate- and iron-bearing constituents 

may lead to greater compactness of the internal rock structure. Therefore, an increase in 

MI is expected to correspond to higher mechanical resistance [5]. 

Statistical Analysis. The relationship between elemental composition and 

mechanical parameters was evaluated using the Pearson correlation coefficient: 

𝑟 =
∑[(𝑥𝑖−𝑥̄)(𝑦𝑖−𝑦̄)]

√∑(𝑥𝑖−𝑥̄)
2∑(𝑦𝑖−𝑦̄)

2
      (5) 

where 𝑥denotes a chemical or spectral parameter and 𝑦represents a mechanical 

strength parameter. 

This statistical approach was used to determine the direction and relative strength 

of the relationship. Since the number of samples in this study was limited, the correlation 

results were used primarily to indicate trends and were interpreted with caution. 
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Table 1. XRF analysis results (wt.%) 
 

No. Mechanical 

grade 

Ca (%) Si (%) Fe (%) Al 

(%) 

K (%) Ti (%) Cl (%) S (%) Sr (%) Mn 

(%) 

1 Low 38.731 27.233 16.724 5.183 6.428 1.630 2.104 1.113 0.238 0.163 

2 Medium 52.796 26.002 11.048 4.252 2.858 1.062 0.328 0.191 0.460 0.290 

3 High 59.132 23.523 10.087 2.454 1.690 1.561 0.359 0.052 0.522 0.334 

 

The XRF results indicate significant differences in the chemical composition of the 

samples. The most notable trend is the progressive increase in calcium content from the 

sample with low mechanical grade to that with high mechanical grade. In Sample 1, Ca 

accounted for 38.731 wt.%, whereas in Sample 2 this value increased to 52.796 wt.%, and 

in Sample 3 it reached 59.132 wt.%. This suggests that the samples with higher mechanical 

resistance are enriched in the carbonate component. 

Conversely, the contents of Si, Fe, and Al decreased with increasing mechanical 

grade. Specifically, Si decreased from 27.233 wt.% to 23.523 wt.%, Fe from 16.724 wt.% to 

10.087 wt.%, and Al from 5.183 wt.% to 2.454 wt.%. This trend indicates that 

aluminosilicate and iron-bearing phases become relatively less abundant, while the 

carbonate component becomes more dominant [5]. 

The decrease in K content from 6.428 wt.% to 1.690 wt.% may likewise indicate a 

reduction in silicate phases, particularly feldspar or other K-bearing minerals. The Ti 

content varied within a relatively narrow range, suggesting the presence of accessory 

minerals. The higher contents of Cl and S in Sample 1 may be associated with secondary 

alteration, saline impurities, or surface weathering processes. 

 
A) 
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B) 

 
C)  

Figure 1. XRF chemical element analysis for locations A, B, and C. 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
264 

Vol. 11 Issue 1                                                                                                                                           www.niet.uz 
       2026 

Stoichiometric Estimation of the Carbonate Phase. Based on the Ca content, the 

approximate carbonate phase content was calculated as follows: 

• Sample 1: 
𝐶𝑎𝐶𝑂3 ≈ 2.497 × 38.731 = 96.73% 

• Sample 2: 
𝐶𝑎𝐶𝑂3 ≈ 2.497 × 52.796 = 131.86% 

• Sample 3: 
𝐶𝑎𝐶𝑂3 ≈ 2.497 × 59.132 = 147.66% 

 

The occurrence of values above 100% indicates that this approach does not 

represent the direct mineral content, but rather reflects the relative degree of carbonate 

enrichment based on calcium. This may be explained by the fact that calcium is present 

not only in 𝐶𝑎𝐶𝑂3, but also in other Ca-bearing phases, or by the possibility that the XRF 

data were reported in normalized elemental form. Therefore, this parameter is more 

appropriately interpreted as an “approximate carbonate equivalent.” 

Comparative Interpretation of the Silicate Index. According to the formula 

𝑆𝐼 =
𝑆𝑖+𝐴𝑙

𝐶𝑎
      (6) 

the following values were obtained: 

• Sample 1: 

𝑆𝐼 =
27.233 + 5.183

38.731
≈ 0.837 

• Sample 2: 

𝑆𝐼 =
26.002 + 4.252

52.796
≈ 0.573 

• Sample 3: 

𝑆𝐼 =
23.523 + 2.454

59.132
≈ 0.439 

These results show that the SI value decreases as mechanical resistance increases. 

Thus, the sample with low mechanical grade is relatively more silicate-rich, whereas the 

sample with high mechanical grade is richer in the carbonate component. The decrease 

in SI may be explained by the predominance of the carbonate phase in the rock matrix, 

denser bonding between mineral grains, and, consequently, greater structural 

compactness [3]. 

Interpretation of the Mineral Strength Index. Based on the formula 

𝑀𝐼 =
𝐶𝑎𝐶𝑂3

𝑆𝑖+𝐹𝑒
      (7) 

the following values were obtained: 

• Sample 1: 

𝑀𝐼 ≈
96.73

27.233 + 16.724
≈ 2.20 

• Sample 2: 

𝑀𝐼 ≈
131.86

26.002 + 11.048
≈ 3.56 

• Sample 3: 



Scientific and Technical Journal of NamIET ISSN 2181-8622 

 

 
265 

Vol. 11 Issue 1                                                                                                                                           www.niet.uz 
       2026 

𝑀𝐼 ≈
147.66

23.523 + 10.087
≈ 4.39 

The progressive increase in MI demonstrates a direct relationship between the 

increase in the carbonate component of the chemical composition and the increase in 

mechanical resistance. This index may therefore be regarded as an integrated parameter 

reflecting the internal compositional balance of the rock, and it represents an important 

result of the present study. 

FTIR Analysis Results 

Table 2. Main FTIR peaks and relative intensities 
 

Sample 

location 

Mechanical 

grade 

ν₃ CO₃²⁻ 

(cm⁻¹) 

Corr.Area 

(ν₃) 

ν₂ (cm⁻¹) ν₄ (cm⁻¹) OH zone 

(cm⁻¹) 

Silicate 

indicator 

A Low 1518–1377 49.021 876 709 3542–

3677 

589–651 

B Medium 1419 526.209 875 707 3449–

3934 

1105; 651 

C High 1428 623.114 876 710 3461–

3787 

652 

 

The FTIR results spectrally confirm the compositional trends identified by XRF. In 

all samples, the ν₂ and ν₄ vibrations characteristic of the carbonate group were observed 

at approximately 875–876 cm⁻¹ and 707–710 cm⁻¹, respectively. This reliably confirms the 

presence of the carbonate phase in the investigated rocks [6]. 

 
A) 
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The ν₃ region is considered the most important spectral indicator of the carbonate 

phase. The pronounced variation in the integrated area values within this region among 

the samples reflects differences in the relative abundance and spectral activity of the 

carbonate component. In Sample 1, the Corr.Area value was 49.021, whereas in Sample 2 

it reached 526.209 and in Sample 3 it increased to 623.114. Therefore, the spectral 

manifestation of the carbonate phase increased markedly with increasing mechanical 

grade. 

This result is particularly important because the increase in carbonate intensity 

observed by FTIR is consistent with the increase in Ca content determined by XRF. In 

other words, the chemical and spectral data corroborate each other. In particular, the high 

Corr.Area value of Sample 3 indicates that the carbonate phase is better developed or 

present in greater abundance in the rock with higher mechanical resistance [7]. 

 

 
B) 
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C) 

Figure 2. FTIR spectra of the chemically analyzed samples 

 

Interpretation of the OH zone. Broad absorption bands were recorded in all samples 

within the range of 3400–3900 cm⁻¹. This indicates the presence of hydroxyl groups, 

adsorbed moisture, or certain hydrated mineral phases. Although the OH zone was 

observed over a relatively wider range in Samples 2 and 3, this feature does not 

necessarily imply lower strength; rather, it may reflect structural complexity or 

characteristics associated with surface moisture. Therefore, the OH zone should not be 

interpreted as an independent criterion, but rather as an auxiliary indicator. 

Interpretation of silicate indicators. In Sample 1, silicate indicators were recorded in 

the range of 589–651 cm⁻¹; in Sample 2, at 1105 and 651 cm⁻¹; and in Sample 3, at 652 cm⁻¹. 

The peak at 1105 cm⁻¹ in Sample 2 is particularly characteristic of Si–O stretching 

vibrations and indicates a significant contribution of aluminosilicate phases. The 

relatively more distinct expression of the silicate region in Sample 1 is consistent with its 

higher SI value. By contrast, the simpler appearance of silicate indicators in Sample 3 

suggests the predominance of the carbonate component [8]. 

Overall, the FTIR results clearly demonstrate the carbonate–silicate nature of the 

samples and confirm that the spectral role of the carbonate phase becomes stronger with 

increasing mechanical resistance. 
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Integrated assessment and scientific discussion. When the XRF and FTIR results are 

interpreted together, it becomes evident that the degree of mechanical resistance in the 

rocks of Chortoq District is closely related to their mineral-component composition. In 

particular, the high-mechanical-grade sample is characterized by a higher Ca content, the 

lowest SI value, the highest MI value, and a stronger FTIR carbonate signal, all of which 

indicate a consistent trend [9]. 

An increase in the carbonate component may enhance the degree of cementation, 

reduce intergranular voids, and compact the internal structure of the rock. As a result, 

the rock may exhibit greater resistance to external loading. This behavior is especially 

typical of dense carbonate-rich or carbonate-cemented rocks. In contrast, relatively higher 

contents of silicate and iron-bearing components may increase the heterogeneity of the 

rock and intensify internal microstructural irregularities. 

The proposed SI, CI, and MI parameters proved to be convenient criteria for the 

comprehensive assessment of the rocks: 

• SI reflects the silicate-to-carbonate ratio of the rock and indicates the general 

character of the mineral medium; 

• CI expresses the relative spectral activity of the carbonate phase in the FTIR 

spectrum; 

• MI serves as an integrated parameter linking chemical composition with 

mechanical properties [10–14]. 

According to the obtained results, the increase in mechanical resistance is 

characterized by the following general trends: Ca content increases; the relative contents 

of Si, Al, and Fe decrease; FTIR carbonate intensity increases; SI decreases; and MI 

increases. 

These results indicate that the carbonate component plays a structurally positive 

role in the investigated samples. However, it should be emphasized that the strength of 

rocks is not determined solely by chemical composition. Grain size, the presence of 

microcracks, texture, degree of cementation, porosity, and alteration processes are also 

important controlling factors. Therefore, XRF and FTIR results provide the greatest 

scientific value when interpreted together with mechanical test data. 

Conclusion. The rock samples collected from the mountainous areas of Chortoq 

District were comprehensively investigated using XRF and FTIR methods, and their 

chemical and mineralogical properties were analyzed in relation to their levels of 

mechanical resistance. The study led to the following scientific conclusions: XRF analysis 

showed that Ca, Si, Fe, and Al are the major controlling elements in the samples. With 

increasing mechanical resistance, the Ca content increased, whereas the relative contents 

of Si, Fe, and Al decreased; the carbonate equivalent calculated on the basis of calcium 

was significantly higher in the samples with greater mechanical grade. This indicates that 

the carbonate component has a positive effect on the structural density and strength of 

the rock; the silicate index (SI) reached its highest value in the low-mechanical-grade 

sample and its lowest value in the high-mechanical-grade sample [3–5]. This suggests 

that rocks dominated by silicate components may exhibit relatively lower resistance; 
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FTIR results confirmed the presence of the carbonate phase in all samples. The 

identification of the ν₃, ν₂, and ν₄ vibrations, particularly the increase in the integrated 

area of the ν₃ region in the higher-strength samples, demonstrated the spectral 

predominance of the carbonate phase; the proposed mineral strength index (MI) 

increased consistently with increasing mechanical resistance and proved to be a useful 

integrated parameter expressing the relationship between chemical composition and 

mechanical properties; the combined interpretation of XRF and FTIR data showed that 

an increase in the carbonate component is associated with greater rock compactness, 

stabilization of the internal structure, and improvement in mechanical resistance [6–9]. 

Thus, the instrumental evaluation of the chemical and mineralogical properties of rocks 

from Chortoq District provides an important scientific basis for determining their 

potential as natural construction materials. These results may serve as a foundation for 

future, more detailed investigations of the physico-mechanical properties, petrographic 

composition, and service suitability of these rocks. 
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