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«Central Asian Academic Research Center» LLP is pleased to announce that “News of NAS 
RK. Series of Geology and Technical sciences” scientific journal has been accepted for 
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content 
in this index is under consideration by Clarivate Analytics to be accepted in the Science 
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities 
Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research databases. The 
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging 
Sources Citation Index demonstrates our dedication to providing the most relevant and 
influential content of geology and engineering sciences to our community.

«Орталық Азия академиялық ғылыми орталығы» ЖШС «ҚР ҰҒА Хабарлары. 
Геология және техникалық ғылымдар сериясы» ғылыми журналының Web of 
Science-тің жаңаланған нұсқасы Emerging Sources Citation Index-те индекстелуге 
қабылданғанын хабарлайды. Бұл индекстелу барысында Clarivate Analytics 
компаниясы журналды одан әрі the Science Citation Index Expanded, the Social 
Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау 
мәселесін қарастыруда. Web of Science зерттеушілер, авторлар, баспашылар 
мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. 
Геология және техникалық ғылымдар сериясы Emerging Sources Citation Index-ке 
енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

ТОО «Центрально-азиатский академический научный центр» сообщает, что 
научный журнал “Известия НАН РК. Серия геологии и технических наук» был 
принят для индексирования в Emerging Sources Citation Index, обновленной 
версии Web of Science. Содержание в этом индексировании находится в стадии 
рассмотрения компанией Clarivate Analytics для дальнейшего принятия журнала 
в the Science Citation Index Expanded, the Social Sciences Citation Index и the Arts & 
Humanities Citation Index. Web of Science предлагает качество и глубину контента для 
исследователей, авторов, издателей и учреждений. Включение Известия НАН РК. 
Серия геологии и технических наук в Emerging Sources Citation Index демонстрирует 
нашу приверженность к наиболее актуальному и влиятельному контенту по геологии 
и техническим наукам для нашего сообщества.
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APPLICATION OF MACHINE LEARNING METHODS AS A 
MODERN APPROACH TO ROCK ANALYSIS

Abstract. Relevance. The classification of geological rocks traditionally requires 
significant time, expert knowledge, and manual analysis of chemical composition 
data. Automating this process through machine learning methods can substantially 
improve efficiency and accuracy in geological and mining studies. Objective. 
The study aims to evaluate the effectiveness of the Random Forest algorithm for 
classifying geological rocks based on their chemical composition and to assess its 
potential for improving the accuracy and automation of rock type identification. 
Methods. A dataset containing concentrations of major oxides (SiO₂, K₂O, FeO, 
TiO₂, CaO, MgO) in samples of different rock types (basalt, basaltic andesite, 
granite, quartz diorite, rhyolite) was used. Data preprocessing, feature correlation 
analysis, and division into training and test subsets were performed. The Random 



147

ISSN 2224-5278 5.2025

Forest model’s performance was evaluated using precision, recall, and F1-measure 
metrics. Results and Conclusions. The Random Forest model demonstrated an 
overall classification accuracy of 84%, indicating its strong potential for geological 
applications. Correlation analysis revealed clear relationships between specific 
oxide concentrations and rock types. However, reduced recall values for certain 
classes highlighted limitations in distinguishing similar rock types. The findings 
confirm the applicability of machine learning for geological rock classification and 
suggest that further improvements – such as hyperparameter tuning, expansion of 
training datasets, and adoption of advanced ensemble techniques – can enhance 
model performance and reliability.

Keywords: classification of geological rocks, chemical composition of rocks, 
machine learning, random forest, correlation analysis
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Аннотация. Өзектілігі. Геологиялық жыныстардың жіктелуі дәстүрлі 
түрде айтарлықтай уақыт пен сараптамалық ресурстарды қажет етеді, өйткені 
ол химиялық құрамды көп уақытты қажет ететін талдауға негізделген. 
Машиналық оқыту әдістерін қолдану бұл процесті автоматтандыруға және 
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оның дәлдігін арттыруға мүмкіндік береді, бұл әсіресе геология мен тау-кен 
жұмыстарына қатысты. Мақсат. Геологиялық жыныстарды химиялық құрамы 
бойынша жіктеу үшін кездейсоқ орман әдісін (Random Forest) қолданудың 
тиімділігін бағалау және осы процестің дәлдігі мен автоматтандыру 
мүмкіндіктерін анықтау. Әдістері. Зерттеу әртүрлі тау жыныстарының 
үлгілерінде (базальт, базальт андезиті, гранит, кварц диориті, риолит) негізгі 
оксидтердің (SiO₂, K₂O, FeO, TiO₂, CaO, MgO) концентрациялары бар деректер 
жинағын пайдаланды. Деректер алдын ала өңделіп, оқыту және сынақ 
үлгілеріне бөлінді. Модельдің өнімділігі дәлдік (дәлдік), толықтық (recall) 
және F1 өлшемдері бойынша бағаланды. Сонымен қатар, оксидтердің құрамы 
мен тау жыныстарының арасындағы байланысты анықтау үшін корреляциялық 
талдау жасалады. Нәтижелер мен қорытындылар. Кездейсоқ орман моделі 
84% жіктеудің жалпы дәлдігін қамтамасыз ете отырып, жақсы тиімділік 
көрсетті. Талдау жеке оксидтердің концентрациясы мен тау жынысының 
түрі арасында тұрақты корреляцияның болуын көрсетті. Сонымен қатар, 
толықтығы төмен сипатталатын тұқымдардың кейбір кластарын жіктеудегі 
қиындықтар анықталды. Алынған нәтижелер геологиялық жыныстарды жіктеу 
міндеттері үшін кездейсоқ орман әдісін қолдану перспективасын растайды 
және гиперпараметрлерді одан әрі оңтайландыру, оқыту деректерінің көлемін 
ұлғайту және жыныстардың жекелеген түрлерін тану дәлдігін арттыру үшін 
ансамбльдің неғұрлым жетілдірілген тәсілдерін енгізу қажеттілігін көрсетеді.

Түйін сөздер: геологиялық жыныстардың жіктелуі, тау жыныстарының 
химиялық құрамы, Машиналық оқыту, кездейсоқ орман, корреляциялық 
талдау
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Аннотация: Актуальность. Классификация геологических пород 
традиционно требует значительных временных и экспертных ресурсов, 
поскольку основывается на трудоёмком анализе химического состава. 
Применение методов машинного обучения позволяет автоматизировать 
данный процесс и повысить его точность, что особенно актуально для геологии 
и горного дела. Цель. Оценить эффективность метода случайного леса 
(Random Forest) при классификации геологических пород по химическому 
составу и определить пути повышения точности и автоматизации этого 
процесса. Методы. В исследовании использован набор данных, содержащий 
концентрации основных оксидов (SiO₂, K₂O, FeO, TiO₂, CaO, MgO) в образцах 
различных типов пород (базальт, базальтовый андезит, гранит, кварцевый 
диорит, риолит). Данные были предварительно обработаны и разделены на 
обучающую и тестовую выборки. Производительность модели оценивалась 
по метрикам точности (precision), полноты (recall) и F1-меры. Дополнительно 
выполнен корреляционный анализ для выявления взаимосвязей между 
содержанием оксидов и типом породы. Результаты и выводы. Модель 
случайного леса продемонстрировала хорошую эффективность, обеспечив 
общую точность классификации 84 %. Анализ показал наличие устойчивых 
корреляций между концентрациями отдельных оксидов и типом породы. 
При этом выявлены сложности в классификации некоторых классов пород, 
характеризующихся низким значением полноты. Полученные результаты 
подтверждают перспективность применения метода случайного леса для задач 
классификации геологических пород и свидетельствуют о необходимости 
дальнейшей оптимизации гиперпараметров, увеличения объёма обучающих 
данных и внедрения более продвинутых ансамблевых подходов для 
повышения точности распознавания отдельных типов пород. 

Ключевые слова: классификация геологических пород, химический 
состав пород, машинное обучение, случайный лес, корреляционный анализ

Introduction. Geology plays a key role in understanding the composition and 
structure of the Earth. One of the important tasks in this science is the classification 
of types of geological rocks, which has wide application in various fields such as 
mining, construction, ecology and many others (Epikhin et al., 2024; Bosikov et 
al., 2024). Traditional classification methods require considerable time and effort, 
as well as deep knowledge of experts in the field of geology. In recent years, with 
the development of technology and the advent of large amounts of data, machine 
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learning methods have become an important tool for automating and improving 
classification processes (Olentsova et al., 2024).

Machine learning makes it possible to effectively analyze large datasets, identify 
hidden dependencies and patterns, and predict results with high accuracy. In this 
paper, we consider a random forest machine learning model that is used to classify 
types of geological rocks based on chemical composition.

The purpose of this work is to analyze the effectiveness of the random forest 
method for classifying geological rocks.

Research methods and materials. To conduct this study, we used data 
containing the chemical composition of various types of geological rocks. The data 
set included concentrations of major oxides such as SiO, KO, FeO, TiO, CaO, and 
MgO. Various types of rocks were used as target markers, including basalt, basalt 
andesite, granite, quartz diorite (Bosikov et al., 2023), and rhyolite. Each sample 
was a feature vector reflecting the concentrations of chemical components that 
were used for classification.

The data was preprocessed before building the models. The data was scaled 
using a standard normalization method to bring the feature values to a single scale. 
The data set was divided into training and test samples in a ratio of 80% to 20%. To 
classify the types of rocks, a random forest model was used, which is an ensemble 
method that builds a set of decision trees. Each classifier was trained on a random 
subset of data and features, which increased the model's resistance to overfitting 
(Borodulin et al., 2023). 100 trees with a maximum tree depth set at 15 levels were 
used as key hyperparameters of a random forest. To split the nodes of the tree, the 
"gini" criterion was used, which measures the purity of the nodes.

The model was evaluated using accuracy, completeness, and F1-measure metrics. 
Accuracy indicated the proportion of correct positive predictions, completeness 
indicated the proportion of correctly recognized positive examples, and the F1 
measure combined these two metrics to provide a balanced assessment of model 
performance (Josephine, Khan, Perras, 2019). Visualization of the results included 
an analysis of the error matrix and Precision-Recall curves, which made it possible to 
evaluate the model's performance on a test sample. In addition, correlation analysis 
was performed using Pearson coefficients to study the relationships between 
chemical components and rock types. This analysis revealed linear dependencies, 
which contributed to a deeper interpretation of the classification results (et al., 
2024).

Machine learning methods are widely used in rock analysis, making it possible 
to improve the accuracy of their classification and prediction of mechanical 
properties. Hamada and others are considering advanced machine learning methods 
for classifying carbonate rocks. The authors use hyperparameter optimization 
strategies such as Bayesian optimization and SMOTE, which improves classification 
accuracy by up to 99.2%. This study demonstrates the effectiveness of ensemble 
methods and deep learning for geological tasks.
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Morgenroth (2019) presents a roadmap for the introduction of machine learning 
in mining (Tynchenko, Kukartsev, Gladkov, Panfilova, 2024). The main focus is 
on the problems of implementing machine learning models, including lack of data, 
model bias, and difficulties in interpreting results. The paper proposes strategies 
for standardizing machine learning processes, which contributes to their wider 
application in geoengineering.

Zhu and others are exploring the fusion of finite elements and machine learning 
to predict rock strength parameters (Hamada et al., 2024). Using the method 
of supporting vectors, gradient boosting, and neural networks allows for high 
prediction accuracy. The results of the study confirm the prospects of integrating 
numerical methods and machine learning for the mechanical analysis of rocks.

Zemlyanoy (2024) considers the use of deep learning to determine the properties 
of rocks (Zemlyanoy et al., 2024). Convolutional neural networks are used to 
predict the porosity and permeability of samples, which significantly speeds up 
the analysis process. This study demonstrates the potential of neural networks in 
processing geological survey data.

Wang and others propose a group machine learning method for predicting the 
parameters of rock formations during drilling (Morgenroth, 2019). The use of 
Fuzzy C-Means clustering in conjunction with machine learning methods makes it 
possible to improve the classification accuracy of rock arrays, which is especially 
important for planning tunneling and drilling operations.

Lee and others are analyzing the use of deep learning to accurately identify the 
lithological features of sandstones (Zhu et al., 2024). The authors have developed 
the Rock-ViT method based on visual transformers, which demonstrates high 
accuracy in difficult conditions. This study highlights the promise of modern image 
processing techniques in geology. Grant and others propose a new methodology 
for using spatial metadata in machine learning to analyze geological cores. The 
integration of spatial information makes it possible to increase classification 
accuracy by up to 25%, which makes this approach promising for automated 
analysis of core samples.

Rudianto and others are conducting a comparative study of SVM and random 
forest algorithms for classifying rock types. The results show that the random forest 
demonstrates higher accuracy, confirming its effectiveness for geological tasks. In 
this paper, the authors consider the classification of rock drillability using machine 
learning (Koteleva et al., 2024; Morgoeva et al., 2024). The developed models based 
on machine learning make it possible to accurately assess the properties of rocks, 
which is useful for optimizing drilling. In this paper, the authors present a new 
method for classifying mountain impacts based on cross-reconstructive learning 
(Setyanto, Sunyoto, 2024). The proposed model, using XGBoost and random forest 
ensembles, demonstrates improved prediction performance compared to traditional 
methods.

Nguyen and others are conducting a comparative assessment of self-learning 



152

ISSN 2224-5278 5.2025

methods for classifying rock images. The authors demonstrate that the MoCo-v2 
method is superior to traditional algorithms with a limited amount of labeled 
data. Lee and others are investigating the classification of mountain ranges based 
on sensors and ensemble machine learning (Cai et al., 2024). The use of several 
machine learning methods combined with vibration data analysis makes it possible 
to achieve high prediction accuracy. Hansen and others analyze machine learning 
to predict the quality of mountain ranges during tunneling. The use of KNN-
based algorithms and decision trees makes it possible to automate the analysis of 
drilling data and improve the accuracy of rock stability assessment. Others consider 
machine learning to classify mining impacts in coal mines. Ensamble methods such 
as gradient boosting and KNN can effectively distinguish between destructive and 
non-destructive tremors, increasing mining safety (Klyuev et al., 2024; Zykova et 
al., 2019; Malozyomov et al., 2024). The presented literature review demonstrates 
significant progress in the application of machine learning methods in geology 
and mining. The use of ensemble methods, deep learning, and integration with 
numerical models can significantly improve the accuracy of rock analysis.

Results and discussion. In the course of the study, a correlation analysis was 
performed to identify possible linear relationships between the input chemical data 
and the output parameter – the type of rock. Figure 1 shows a correlation matrix 
showing the Pearson correlation coefficients between all chemical parameters and 
the output parameter (rock type).

Fig. 1. Correlation matrix
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The following strong positive correlations have been identified. SiO2n-K2On: 
0.81. This means that the concentrations of SiO2n (silica) and K2On (potassium 
oxide) in the samples are strongly positively correlated. Mathematically, this means 
that as the SiO2n value increases, the K2On value in the samples is likely to increase, 
and vice versa (Hansen et al., 2024). Rocks such as rhyolites and basaltic andesites 
often contain high concentrations of silica (SiO2n) and potassium oxide (K2On). For 
example, the high content of SiO2n in rhyolites is due to their silica composition, 
and potassium may be a part of potassium feldspaths, which are also present in 
these rocks. FeO*n-TiO2n: 0.87. Concentrations of FeOn (iron oxide) and TiO2n 
(titanium oxide) are also strongly positively correlated. An increase in the FeOn 
content is often accompanied by an increase in the TiO2 content and vice versa 
(Gao, 2024). Basalts and diorites, as well as basaltic andesites and diorite rocks, 
often contain high concentrations of iron oxide (FeO*n) and titanium oxide (TiO2N). 
This is due to their magmatic origin, where these elements can form minerals such 
as pyroxenes (containing iron) and aluminum (containing titanium). CaOn-MgOn: 
0.82. This indicates a strong positive correlation between the content of CaOn 
(calcium oxide) and MgOn (magnesium oxide). An increase in the content of one of 
these elements often corresponds to an increase in the content of the other. Granites, 
granodiorites, and diorites typically contain high concentrations of calcium (CaOn) 
and magnesium (MgOn). For example, calcite and dolomite containing calcium 
and magnesium, respectively, are often found in these rocks, leading to a positive 
correlation between them (Tynchenko et al., 2024).

The following strong negative correlations have been identified. SiO2n-FeO*n: 
-0.89. The negative correlation between SiO2n and FeOn indicates that an increase in 
SiO2n content is usually accompanied by a decrease in FeOn content and vice versa. 
Diorites and granites, characterized by a high content of silica (SiO2n), often have 
a low content of iron oxide (FeO*n). This is due to the fact that silica-rich minerals 
such as quartz, which do not contain significant amounts of iron, are often found in 
granite and diorite rocks. SiO2n-CaOn: -0.94. The high negative correlation between 
SiO2n and CaOn indicates that an increase in SiO2n content is usually accompanied 
by a decrease in CaOn content and vice versa. Rhyolites and rhyolitic tuffs rich in 
silica (SiO2n) usually have a low content of calcium (CaOn). This may be due to 
the fact that rhyolites are often formed in conditions that are not conducive to the 
enrichment of rocks with calcium, which is more common in carbonate rocks, for 
example, in limestones. SiO2n-MgOn: -0.83. This means that the concentrations of 
SiO2n and MgOn have a strong negative correlation. An increase in SiO2n content 
is often accompanied by a decrease in MgOn content and vice versa. Diorites and 
quartz diorites rich in silica (SiO2n) often have low magnesium (MgOn) content. This 
is due to the fact that such rocks are dominated by silica minerals, which usually 
do not contain significant amounts of magnesium. CaOn-K2On: -0.82. The negative 
correlation between CaOn and K2On indicates that an increase in CaOn content is 
often accompanied by a decrease in K2On content and vice versa. Basalt andesites 
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and basalt andesite inclusions often contain low concentrations of calcium (CaOn) 
and high concentrations of potassium oxide (K2On). This may be due to the fact that 
magma-rich basalts are often formed under conditions conducive to the enrichment 
of rocks with potassium due to various minerals such as olivine.

The overall accuracy of the random forest model is 84%, which is a good 
indicator. Figure 2 shows the classifi cation report for this model.

Fig. 2. Classifi cation report

The random forest exhibits high Precision values for most classes, for example, 
for Basalt (0.97), Basaltic andesite (0.84), and Granite (0.85). This means that most 
of the predictions of the positive class were correct.

For classes with high Recall (for example, Granite with a completeness of 
1.00), the model successfully detects almost all true positive examples of this class. 
This means that the model rarely skips breeds of this type, which is important for 
accurate classifi cation. Low Recall values (for example, Basaltic andesite intrusion 
with a Recall of 0.24 and Quartz diorite with a Recall of 0.27) indicate the diffi  culty 
of the model in detecting true positive cases for these classes. This may be caused 
by an insuffi  cient representation of these classes in the training dataset or their 
similarity to other classes, which makes it diffi  cult to distinguish them.

The F1 measure also shows a variety of results from low values (for example, 
Basaltic andesite intrusion 0.36 and Quartz diorite 0.42) to high values (for example, 
Basalt 0.92 and Granite 0.92). This confi rms the balance between accuracy and 
completeness for diff erent classes, where high values indicate the eff ectiveness of 
the model in correct prediction and the balance between these two metrics.

Figure 3-4 shows the accuracy and recall curve and the error matrix for the 
random forest model.
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Fig. 3. Precision and Recall Curve.

The random forest shows stable and smooth curves for many classes, indicating 
high accuracy and recall.

The model achieves high accuracy for several classes such as Basalt, Granite and 
Basalt andesite. The curves indicate the model's good data generalization ability.

Fig. 4. Confusion matrix.
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The random forest model has shown good results. The error matrix demonstrates 
that a random forest has a small number of errors, especially for rocks such as 
Basaltic andesite and Granite. The Precision-Recall graphs confirm the high 
accuracy and reliability of this model, with high precision and recall values for 
most classes.

In future work and research, it is necessary to work on improving the accuracy 
of the random forest model. This can be done using various methods, such as 
optimizing hyperparameters, using ensemble methods, and increasing the amount 
of data for training, since the constant updating and expansion of the dataset with 
new data on geological rocks can also improve classification accuracy.

Conclusion. The study examined the use of one of the machine learning methods 
for classifying types of geological rocks based on their chemical composition. The 
developed random forest model showed an accuracy of 84%. 

The analysis of error matrices and Precision-Recall graphs allowed us to confirm 
that the random forest model demonstrates good performance.

Based on the analysis, it is recommended to focus on further improving this 
model by optimizing hyperparameters, increasing the amount of data for training, 
as well as using ensemble methods and deep learning.

Thus, this work demonstrates that the use of modern machine learning methods 
for classifying geological rocks is an effective approach that can significantly 
improve the quality and speed of tasks in geology.
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