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2 Clarivate
Analytics

«Central Asian Academic Research Centery 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.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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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, K20, 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
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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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AHHOTammsA. Ozexminiei. 1'€OMOTHSIIBIK JKBIHBICTAP/BIH KIKTENyl IocTypIIi
TYpJie aliTapIbIKTal yaKbIT ITEH capanTaMaiblK pecypcTapbl KaKeT eTelli, OUTKeHi
Ol XUMUSUTBIK KypaMJbl KON YaKbITThI KaXKET €TeTiH TaljayFa HeTi3ZelTeH.
MarmmHaibIK OKBITY 9JICTepiH KOJJIaHy OyJI MpoIecTi aBTOMATTaHbIPyFa JKOHE
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OHBIH JQJITIH apTThIpyFa MYMKIHAIK Oepesi, OyJT acipece Teollorus MeH Tay-KeH
YKYMBICTapbIHA KATBICTHI. Maxcam. I €0MOTHSUTBIK JKBIHBICTAP IBI XUMUSUTBIK KYPaMbl
OOHBIHINIA XKIKTEY YIIiH Ke3neicok opmaH omiciH (Random Forest) xonmanymbiy
TUIMJIUTITIH Oaramay »oHE OCBHI MPOLECTIH MJSJIri MEH aBTOMAaTTaHIbIPY
MYMKIHIIKTEpiH aHbIKTay. OOdicmepi. 3epTTey OpTYpi Tay >KbIHBICTapBIHBIH
yirinepinge (6a3aneT, 0a3anbT aHAE3UTi, TPAHUT, KBAPI] JUOPHTI, PHOJIHT) HETi3Ti
okcuarepaid (Si0O2, K20, FeO, TiO2, CaO, MgO) koHueHTpauusiiapsl 0ap Jepexrep
KUHAFBIH Taiimanannel. Jlepekrep anablH ana eHMAENIN, OKBITY JXKOHE ChIHAK
yirinepine OemiHai. MomenbAiH OHIMAUTITT MoK (ISMmiK), TONBIKTHIK (recall)
xoHe F1 exmemaepi OotibiHIa Oaranan pl. COHBIMEH KaTap, OKCUATEP/IiH KYpambl
MEH Tay KbIHBICTAPBIHBIH apaChIH/IaF bl OaiiJIaHBICTHI AHBIKTAY YIIIiH KOPPEISIUSITBIK
Tanaay kacanauel. Homuoicenep men KopuimsinovLiap. Ke3neiicok opman Moseni
84% >KIKTEYMiH KalMbl JOIJITH KaMTaMachl3 €Te OTBIPHIM, JKAKChl THIMIIIIK
kepcerTi. Tannay j>keke OKCHATEpAiIH KOHIIEHTPAIMSACHI MEH Tay JKBIHBICHIHBIH
TYpi apachlHIa TYPaKThl KOPPENSIUSHBIH OONybIH KepcerTi. COHBIMEH Karap,
TOJNIBIKTBIFBI TOMEH CHITATTANIaThIH TYKBIMIAPABIH KeHOip KiacTapblH KIKTEy/eri
KHBIH/IBIKTAP aHBIKTAJIBL. AJTBIHFaH HOTHKEJIEP TeOIOT HSUTBIK YKBIHBICTAPIBI JKIKTEY
MIHJETTepl YIIiH Ke3eHCOK OpMaH 9JIiCiH KOJJIaHy TEepCHEeKTHBACHIH pacTanibl
YKOHE THUIIEpIIapaMeTpIIepli O/IaH 9pi OHTAMIAHABIPY, OKBITY JIEPEKTEePiHIH KOJIeMiH
WIFANTY JKoHE KBIHBICTAP/IBIH JKEKEJICTeH TYPIIEPiH TaHy MOJIITIH apTThIPY YIIiH
aHCcaMOJbTiH HEFYPIIBIM XKETUITIPLITeH TOCUIIEPiH SHT i3y KaXeTTiITiH KOpCceTeI.

Tyiiin ce3mep: reoNOTHUSIBIK KBIHBICTAP/BIH JKIKTETYi, Tay >KBIHBICTAPBIHBIH
XUMHSUTBIK KYpambl, MaIIHHAIBIK OKBITY, KE3JeWCOK OpMaH, KOPPEISIUSIIBIK
Tanaay

© JI.B. KpacoBckas', B.C. TbiHueHk0’*, O.A. AHTAMOIIKHH®,
C.B. MuesmnueBa!, M.C. Hukanopos', 2025.
"Poccuiickuii rocynapcTBeHHBIH arpapHbiil yauBepeuteT — MCXA uMeHu
K.A. Tumupsszesa, Mocksa, Poccus;
MI'TY um. H.D. Baymana, Mocksa, Poccus;
3Cubupckuii Gpenepanphblii yausepcuret, KpacHosipck, Poccust.
E-mail: vadimond@mail.ru

NPUMEHEHHUE METOJOB MAIHLIMHHOI'O OBYYEHUS KAK
COBPEMEHHBIN ITOJIXO/ K AHAJIM3Y I'OPHBIX ITOPO/]]

Jliogmuaa BuaagumupoBHa KpacoBekas — K.T.H., JoueHT, Poccuiickuii rocynapcTBeHHBIN
arpapHbIil yausepcuteT — MCXA nmenn K.A. Tumupszesa, Mocksa, Poccus,

E-mail: kraslud@yandex.ru, ORCID: 0000-0002-9674-8384;

Banum CepreeBuu ThiHYeHKO — 1.T.H., T.H.c, MI'TY um. H.O. Baymana, Mocksa, Poccus,

E-mail: vadimond@mail.ru, ORCID: 0000-0002-3959-2969;

OunecaaB AekcaHaApOBHY AHTAMOIIKHH — JOKTOp TEXHHYECKUX HayK, NOUEHT, CHOMPCKHiA
(benepanbHbIil yHEBepcuTeT, KpacHospck, Poccus,

E-mail: oleslav@mail.ru, ORCID: 0000-0002-5976-5847;

148



ISSN 2224-5278 5.2025

Cperiiana BsiuecaaBoBHa IluenmnumeBa — K.T.H., JoueHT, Poccuiickuii rocyaapcTBEHHBIH
arpapublil yausepcureT — MCXA umenu K.A. Tumupsasesa, Mocksa, Poccus,

E-mail: pchelintseva@inbox.ru, ORCID: https://orcid.org/0000-0003-0230-780X;

Mmuxausa Cepreesuu Hukxanopos — crapmuii npenozasarenb, Poccuiickuil rocyaapcTBeHHBIH
arpapublil yausepcureT — MCXA umenu K.A. Tumupsasesa, Mocksa, Poccus,

E-mail: nikanorov@rgau-msha.ru, ORCID: 0000-0001-7487-6273.

AuHOTamus: AxmyanvHocms.  Kilaccupukamusi T€OJOTHYECKUX — ITOPOJT
TPAJUIIMOHHO TPeOyeT 3HAUUTEIIBHBIX BPEMEHHBIX M JKCIIEPTHBIX PECYpPCOB,
MOCKOJIbKY OCHOBBIBAa€TCSI Ha TPYJOEMKOM aHajlM3€ XUMHUYECKOTO COCTaBa.
[IpuMmeHeHne METONOB MAIIMHHOTO OOy4YeHHsI TO3BOJISIET aBTOMATH3MPOBATh
JAHHBIN IPOLECC U TOBBICUTH €0 TOYHOCTb, YTO 0COOCHHO aKTyalIbHO JUIs Te0JI0T N
u ropuoro aena. [lers. OueHUTh 3PPEKTUBHOCTH METOAA CIY4YalHOTO Jieca
(Random Forest) nmpu ki1accuukanuy reoJOrHYecKiX MOpof MO XUMHUYECKOMY
COCTaBy W OIPEACIUTh IyTH TOBBIINICHUS TOYHOCTH W aBTOMATHU3AIUU STOTO
npornecca. Memoodwl. B uccnenoBanny MCIoab30BaH HA0OOP JaHHBIX, COAEPIKALIMN
KOHIICHTPAIIUU OCHOBHBIX OKCHI0B (Si0:2, K20, FeO, TiO2, CaO, MgO) B 0Opasiiax
pa3IMYHBIX TUIOB TMOpoja (0a3aibT, 0a3ajbTOBBIN aHAE3UT, TPAHHUT, KBAPIEBBIH
JMOPUT, pUONHT). JlaHHBIe OBLIM MpeBapUTEIbLHO 00pabOTaHBI M pa3/elICHBbI Ha
00y4aloNIyIo U TECTOBYIO BBIOOPKH. [IpOM3BONUTEIHLHOCTS MOJEIHN OIICHUBAJIACE
M0 METPHKaM TOYHOCTH (precision), momHOTHI (recall) 1 F1-mepel. lononHuTensHO
BBITIOJIHCH KOPPCJSIIIMOHHBIA aHaliu3 IS BBISIBICHUS B3aUMOCBSI3EH MEWKIY
COZIEpP’)KaHHEM OKCHJOB M THIIOM TMOpPOABL. Pezynvmamul u 616006l Mopaemb
CIly4aifHOTO Jieca MPOJEMOHCTPHPOBaAIa XOpOUyIo 3(PPEKTUBHOCTh, 0OECIEeYHB
o011yt TouHOCTh Kiaccuukanuu 84 %. AHanM3 MoKa3an HAINYHE YCTOUYMBBIX
KOPPEISIIUI MEXy KOHIICHTPAIMSIMH OT/ICJIbHBIX OKCHUJIOB W THIIOM ITOPOJIBL.
[Ipu 3TOM BBISBIICHBI CIOKHOCTH B KJacCH(PHUKAIMK HEKOTOPHIX KJIACCOB MOPOJI,
XapaKTEPU3YIOMIUXCS HU3KUM 3HAUCHHEM NOJTHOTHI. [loilydeHHBIE pe3yiabTaThl
MOJITBEPIKTAIOT IEPCIIEKTUBHOCTh IPUMEHEHHSI METOIa CITYYaiHOTO Jieca JUIsl 3a]1a4
KJIacCU(UKAIUU T€OJOTHYECKUX TMOPOJ M CBUIETEILCTBYIOT O HEOOXOAMMOCTHU
JAJIbHEHIIIeH ONTUMU3AIUN TUIIEPIIapaMeTPOB, YBEIHUEHUS 00bEMa 00ydaroIX
JNAHHBIX W BHEJIPCHUs O0oJee MPOJBUHYTHIX aHCAMOJIEBBIX IOAXOMIOB ISt
MOBBIIICHHUS TOYHOCTHU PACTIO3HABAHUS OTACIBHBIX TUIIOB ITOPO]I.

KaroueBble cjioBa: KiIacCU(PUKAIMS TEOJOTUYCCKUX TOPOA, XUMUYESCKUI
COCTaB MMOPOJI, MAITUHHOE O0y4YCHUE, CIyYaiHbIH JieC, KOPPEJISIIMOHHBIN aHaIH3

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 F 1-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
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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).
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The following strong positive correlations have been identified. SiO, -K,O :
0.81. This means that the concentrations of SiO, (silica) and KO _ (potassium
oxide) in the samples are strongly positively correlated. Mathematically, this means
that as the SiO2n value increases, the K O, 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 (SiO, ) and potassium oxide (K,O ). For
example, the high content of SiO, 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, -TiO, : 0.87. Concentrations of FeO_ (iron oxide) and TiO,
(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,, ) and titanium oxide (TiO,N).
This is due to their magmatic origin, where these elements can form minerals such
as pyroxenes (containing iron) and aluminum (containing titanium). CaO _-MgO :
0.82. This indicates a strong positive correlation between the content of CaO_
(calcium oxide) and MgO_ (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 (CaO)
and magnesium (MgO ). 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. SiO, -FeO, :
-0.89. The negative correlation between SiO, and FeO_ indicates that an increase in
SiO2_ content is usually accompanied by a decrease in FeO_ content and vice versa.
Diorites and granites, characterized by a high content of silica (SiO2 ), often have
a low content of iron oxide (FeO, ). 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. SiO, -CaO : -0.94. The high negative correlation between
SiO,, and CaO_ indicates that an increase in SiO2n content is usually accompanied
by a decrease in CaO,_ content and vice versa. Rhyolites and rhyolitic tuffs rich in
silica (SiO2n) usually have a low content of calcium (CaO, ). 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. SiO, -MgO : -0.83. This means that the concentrations of
SiO, and MgO_ have a strong negative correlation. An increase in SiO2n content
is often accompanied by a decrease in MgO_ content and vice versa. Diorites and
quartz diorites rich in silica (SiO, ) often have low magnesium (MgO, ) 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-K O : -0.82. The negative
correlation between CaO_ and K O _ indicates that an increase in CaO_ content is
often accompanied by a decrease in KO content and vice versa. Basalt andesites

153



ISSN 2224-5278 5.2025

and basalt andesite inclusions often contain low concentrations of calcium (CaO,)
and high concentrations of potassium oxide (K,O, ). 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 classification report for this model.

Classification Report: Random fonest

Fig. 2. Classification 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 classification. 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 difficulty
of the model in detecting true positive cases for these classes. This may be caused
by an insufficient representation of these classes in the training dataset or their
similarity to other classes, which makes it difficult 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 confirms the balance between accuracy and
completeness for different classes, where high values indicate the effectiveness 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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Precision and Recall Curve: Random forest
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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.

Confusion matrix: Random forest
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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.

References

BorodulinA.S., Kukartsev V.V., Glinscaya A.R., Gantimurov A.P., Nizameeva A.V. Analyzing Data
by Applying Neural Networks to Identify Patterns in the Data. In: Proceedings of the Computational
Methods in Systems and Software. Cham: Springer Nature Switzerland, 2023. — P. 99-108. (in Eng.)

Bosikov LI, Klyuev R.V., Martyushev N.V., Modina M.A., Khekert E.V. Analysis of the quality
of underground mineral waters of terrigenous deposits of the hauteriv barremian aquifer of the lower
cretaceous. News of the National Academy of Sciences of the Republic of Kazakhstan, Series of
Geology and Technical Sciences, 2024. — T. 2. — Ne 464. — P. 36-47. DOI: 10.32014/2024.2518-
170x.392 (in Eng.)

Bosikov LI, Klyuev R.V., Revazov V.Ch., Martyushev N.V. Analiz i otsenka perspektiv
vysokokachestvennykh kvartsevykh resursov na Severnom Kavkaze [Analysis and evaluation of
prospects for highquality quartz resources in the North Caucasus]. Mining Science and Technology,
2023. — Ne8(4). — P. 278-289. https://doi.org/10.17073/2500-0632-2023-10-165 (In Russ.).

Cai X., Chen L., Zhou Z., Yuan H., Wang P., & Zheng A. (2024) Rockburst classification based
on cross reconstruction learning under small-sample condition. Journal of Physics: Conference Series,
2738. (in Eng.)

Epikhin A.L, Stupina A.A., Panfilov [.A., Bukhtoyarov V.V., Shepeta N.A. Determinants for
assessing the energy efficiency of a coal mining enterprise. News of the National Academy of Sciences
of the Republic of Kazakhstan, Series of Geology and Technical Sciences, 2024. — 2024(4). — P.
61-71. (in Eng.)

Hamada G., Al-Khudafi A., Al-Yazidi A., Al-Sharifi H., Al-Qadhi T., Al-Gathe A. Enhanced
Machine Learning Modelling Techniques for Better Classification of Carbonate Reservoir Rocks.
Mediterranean Offshore Conference (Alexandria, Egypt, 20-22 October 2024), 2024. (in Eng.)

Hansen T., Erharter G., Liu Z., Torresen J. A comparative study on machine learning approaches
for rock mass classification using drilling data. ArXiv, 2024. — abs/2403.10404. (in Eng.)

156



ISSN 2224-5278 5.2025

Klyuev R.V., Martyushev N.V., Kukartsev V.V., Kukartsev V.A., Brigida V. Analiz geologicheskoy
informatsii dlya obespecheniya ustoychivogo funktsionirovaniya gornotekhnicheskikh sistem
[Analysis of geological information toward sustainable performance of geotechnical systems].
Mining Informational and Analytical Bulletin [Gornyy informatsionno-analiticheskiy byulleten'],
2024. — No. 5. DOI: 10.25018/0236-1493-2024-5-0-144. (In Russ.).

Koteleva N.I., Korolev N.A., Revin L.E. Primeneniye algoritmov avtomaticheskogo mashinnogo
obucheniya pri diagnostike neispravnostey elektrodvigateley peremennogo toka na predpriyatiyakh
gornodobyvayushchey promyshlennosti [Application of automatic machine learning algorithms
in fault diagnostic of ac electric motors in mineral resource industry enterprises]. Sustainable
Development of Mountain Territories [Ustoychivoye razvitiye gornykh territoriy]. — 2024. — vol. 16.
—no. 4. — P. 1671-1680. https://doi.org/10.21177/1998- 4502-2024-16-4-1671-1680. (In Russ.).

Malozyomov B.V., Martyushev N.V., Sorokova S.N., Efremenkov E.A., Valuev D.V., Qi M.
Analysis of a Predictive Mathematical Model of Weather Changes Based on Neural Networks.
Mathematics, 2024. — Vol. 12, No. 3. — Art. 480. DOI: 10.3390/math12030480. (in Eng.)

Morgenroth J., Khan U.T., Perras M.A. An overview of opportunities for machine learning
methods in underground rock engineering design. Geosciences, 2019. — 9.12. — P. 504. (in Eng.)

Morgoeva A.D., Mandzhieva S.S., Kirichkov M.V., Sokolov A.A. Issledovaniye modeley
mashinnogo obucheniya dlya otsenki vliyaniya predpriyatiy ugledobychi i energetiki na ekosistemy
[Machine learning models study for assessing the effect of coal mining and energy enterprises on
ecosystems]. Sustainable Development of Mountain Territories [Ustoychivoye razvitiye gornykh
territoriy], 2024. — vol. 16. —no. 3. — P. 1130-1143. https://doi.org/10.21177/1998- 4502-2024-16-
3-1130-1143. (In Russ.).

Olentsova J., Kukartsev V., Orlov V., Semenova E., Pinchuk I. Predictive modelling of post-
monsoon groundwater quality in Telangana using machine learning techniques. BIO Web of
Conferences, 2024. — 116. — P. 03021. EDP Sciences. (in Eng.)

Setyanto A., K., Sunyoto A. Comparative Study SVM and Random Forest Algorithms for the
Classification of Terrestrial Visual Rock Types. IOP Conference Series: Earth and Environmental
Science, 2024. — 1357. — P. 012036. (in Eng.)

Tynchenko Y.A., Kukartsev V.V., Xiaogang W., Kravtsov K.I. Modelirovaniye intensivnosti
zasukhi v gornykh rayonakh s ispol'zovaniyem meteorologicheskikh parametrov [Modeling the
drought intensity in mountainous areas using meteorological parameters]. Sustainable Development
of Mountain Territories [Ustoychivoye razvitiye gornykh territoriy], 2024. — 16(2). — P. 655-668.
(In Russ.).

Tynchenko Ya.A., Kukartsev V.V., Gladkov A.A., Panfilova T.A. Otsenka kachestva tekhnicheskoy
vody v gornodobyvayushchey promyshlennosti na osnove metodov mashinnogo obucheniya
[Assessment of technical water quality in mining based on machine learning methods]. Sustainable
Development of Mountain Territories [Ustoychivoye razvitiye gornykh territoriy], 2024. — vol. 16.
—mno. 1. — P. 56-69. https://doi.org/10.21177/1998-4502-2024-16-1-56-69. (In Russ.).

Zemlyanoy M.A., Gabaraev O.Z., Mulukhov K.K., Vyskrebenets A.S. Substantiation of model
for prediction of ore body contours and useful components content in reserves based on artificial
neural networks. Sustainable Development of Mountain Territories, 2024. — vol. 16. — no. 2. — P.
780-788. https://doi.org/10.21177/1998-4502-2024-16-2-780-788. (in Eng.)

Zhu D., Yu B., Wang D., Zhang Y. Fusion of finite element and machine learning methods to
predict rock shear strength parameters. Journal of Geophysics and Engineering, 2024. — 21(4). —P.
1183-1193. (in Eng.)

Zykova A., Martyushev N., Skeeba V., Zadkov D., Kuzkin A. Influence of W addition on
microstructure and mechanical properties of Al-12%Si alloys. Materials, 2019. — Vol. 12, No. 6. —
Art. 981. DOI: 10.3390/ma12060981. (in Eng.)

157



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/
ethics.

Submission of an article to the journals of the Central Asian Academic Research Center
LLP implies that the described work has not been published previously (except in the
form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier. com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly
by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The Central
Asian Academic Research Center LLP follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of
Suspected Misconduct (http://publicationethics. org/files/ u2/New Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service
http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper
should have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant
published works which are not yet cited. Reviewed articles should be treated confidentially.
The reviewers will be chosen in such a way that there is no conflict of interests with respect
to the research, the authors and/ or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and
they will only accept a paper when reasonably certain. They will preserve anonymity of
reviewers and promote publication of corrections, clarifications, retractions and apologies
when needed. The acceptance of a paper automatically implies the copyright transfer to the
Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor
and safeguard publishing ethics.

[IpaBuna opopMIICHHS CTaThU VTS ITyOIUKAIIMK B )KypHAJIE CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

OTBeTCTBEHHBIH penakTop A. bomanxwizel
Penaxropst: /[.C. Anenos, T. Anenoues
Bepctka Ha xommstotepe: 17 /]. JKaowipanosoii

ITonmumcano B reuars 15.10.2025.
®opmar 70x90'/,,. 20,5 m.o1.
3akas 5.

«Central Asian Academic Research Centery LLP
Anmamol, Konaes k-ci, 142





