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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan, 
Series of Geology and Technical Sciences has been indexed in the international abstract and citation 
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science 
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal’s compliance with international standards of scientific peer 
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process 
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index 
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications, 
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant, 
original, and scientifically significant research in the fields of geology and technical sciences. 

«Қазақстан Республикасы Ұлттық ғылым академиясының Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналы 2016 жылдан бастап халықаралық 
реферативтік және ғылымиметриялық Scopus дерекқорында индекстеледі және тұрақты 
библиометриялық көрсеткіштерді көрсетіп келеді.

Сонымен қатар журнал Web of Science платформасының (Clarivate Analytics, 2018) 
халықаралық реферативтік және наукометриялық дерекқоры Emerging Sources Citation Index 
(ESCI) тізіміне енгізілген.

ESCI дерекқорында индекстелуі журналдың халықаралық ғылыми рецензиялау талаптары 
мен редакциялық этика стандарттарына сәйкестігін растайды, сондай-ақ Clarivate Analytics 
компаниясы тарапынан басылымды Science Citation Index Expanded (SCIE), Social Sciences 
Citation Index (SSCI) және Arts & Humanities Citation Index (AHCI) дерекқорларына енгізу 
қарастырылуда.

Scopus және Web of Science дерекқорларында индекстелуі жарияланымдардың 
халықаралық деңгейде жоғары сұранысқа ие болуын қамтамасыз етеді, олардың дәйексөз алу 
көрсеткіштерінің артуына ықпал етеді және редакциялық алқаның геология мен техникалық 
ғылымдар саласындағы өзекті, бірегей және ғылыми тұрғыдан маңызды зерттеулерді 
жариялауға ұмтылысын айқындайды.

Научный журнал «News of the National Academy of Sciences of the Republic of Kazakhstan, Series 
of Geology and Technical Sciences» с 2016 года индексируется в международной реферативной 
и наукометрической базе данных Scopus и демонстрирует стабильные библиометрические 
показатели. 

Журнал также включён в международную реферативную и наукометрическую базу данных 
Emerging Sources Citation Index (ESCI) платформы Web of Science (Clarivate Analytics, 2018).

Индексирование в ESCI подтверждает соответствие журнала международным 
стандартам научного рецензирования и редакционной этики, а также рассматривается 
компанией Clarivate Analytics в рамках дальнейшего включения издания в Science Citation Index 
Expanded (SCIE), Social Sciences Citation Index (SSCI) и Arts & Humanities Citation Index (AHCI).

Индексирование в Scopus и Web of Science обеспечивает высокую международную 
востребованность публикаций, способствует росту цитируемости и подтверждает 
стремление редакционной коллегии публиковать актуальные, оригинальные и научно значимые 
исследования в области геологии и технических наук.
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Abstract. Relevance. The Arganaty copper-porphyry ore occurrence is located 
in the East Balkhash region of Kazakhstan. Major industrial deposits such as 
Aktogai, Aidarly, Saiak, and Konyrat are known in this region, and there is high 
potential for the discovery of additional industrial-scale deposits. For many years, 
this area remained insufficiently studied geologically. Our targeted geological 
investigations indicated the potential presence of copper-molybdenum deposits 
associated with the buried Arganaty granite massif deposits that do not outcrop at 
the surface. Geological processes here led to the formation of copper-molybdenum 
porphyry deposits; consequently, there is significant potential for discovering 
new porphyry-type deposits. Objective. To this end, recent work at the Arganaty 
field has focused on studying its geology, geophysics, and structure, as well as 
the geochemistry and petrogenesis of the Arganaty granite massif. However, the 
origin and mineralogy of the identified deposit remain insufficiently understood. 
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Methods. Collected samples were analyzed using optical microscopy and SEM-
EDS to examine ore minerals, their composition, and their formation sequence. 
Results. Results obtained using high-precision optical instruments show that 
sulfides such as pyrite and chalcopyrite are localized along the edges and within 
fracture zones of titanite, indicating that the sulfides formed later than the oxides. 
Albitization of potassium feldspar and alteration of biotite were observed. Titanite 
undergoes decomposition, transforming into rutile and ilmenite. The association of 
molybdenite with high-temperature quartz veins provides insight into the conditions 
of its formation. Conclusions. No other mineral compounds were detected in the 
molybdenite, which may indicate that it formed independently. Based on laboratory 
studies of the Arganaty ore occurrence, it can be hypothesized that, in addition 
to the primary copper-molybdenum ore components, minerals containing precious 
and rare metals of industrial significance may also be present.

Keywords: porphyry copper deposit, mineralogy, scanning electron microscopy, 
Arganaty, Eastern Balkhash
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Аннотация. Өзектілігі. Арғанаты мысты-порфир кенбілінімі 
Қазақстанның Шығыс Балқаш аймағында орналасқан. Бұл аймақта Ақтоғай, 
Айдарлы, Саяқ, Қоңырат және басқа да ірі өндірістік кенорындар белгілі. 
Мұнда басқа өнеркәсіптік кендер болуының әлеуеті жоғары. Көптеген жылдар 
бойы бұл аймақ геологиялық тұрғыдан аз зерттелген. Біздің арнайы жүргізген 
геологиялық зерттеу жұмыстары жер бетіне шықпаған, көмулі Арғанаты 
гранит массивімен байланысты кендер бар екенін көрсетті. Геологиялық 
процестер мұнда мысты-молибденді порфир кеннің пайда болуына әкелген. 
Сондықтан жаңа кенорындар ашудың мүмкіндігі жоғары. Мақсаты. Осы 
мақсатта Арғанаты алаңында соңғы жылдары жүргізілген жұмыстарда оның 
геологиясы, геофизикасы мен құрылысы, сондай-ақ Арғанаты гранитінің 
геохимиясы және петрогенезі зерттелді. Дегенмен, анықталған кенбілінімнің 
пайда болуы және оның минералогиясы жеткілікті түрде зерделенген жоқ. 
Әдістері. Алынған сынамалар микроскоптың көмегімен және SEM-EDS 
арқылы алынған нәтижелерді пайдалана отырып, кенбілінімнің минералдары, 
олардың құрамы және түзілу реттілігі зерттелді. Нәтижелері. Алынған 
нәтижелер пирит пен халькопирит сияқты сульфидтер титаниттің шеттері мен 
жарықшақты аймақтарымен шектелгенін көрсетеді, бұл жағдай сульфидтер 
оксидтерден кейінірек жаралғанын көрсетеді. Калий дала шпатының 
альбиттенуінен және биотиттің өзгеруі байқалды. Титанит ыдырап, рутил 
мен ильменитке айналады. Молибдениттің жоғары температуралы кварц 
желішіктерімен байланысы, оның пайда болу жағдайларын білдіреді. 
Қорытынды. Молибденитте басқа минералдар қосылыстары байқалмайды, 
бұл оның дербес пайда болуын көрсетуі мүмкін. Арғанаты кенбілінімін 
лабораториялық зерттеу нәтижелеріне сүйене отырып, мұнда кендердің 
негізгі мыс және молибден компоненттерінен басқа, басым құндылыққа ие 
металдар минералдары болуы мүмкін екенін болжауға болады.

Түйін сөздер: мысты-порфир кенорны, минералогия, электрондық 
микроскоп, Арғанаты, Шығыс Балқаш
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Аннотация. Актуальность. Медно-порфировое рудопроявление 
Арганаты  расположено в Восточно-Балхашской части Казахстана. В 
этом регионе известны Актогайское, Айдарлы, Саякское, Коныратское 
и другие крупные промышленные месторождения. Потенциал наличия 
других промышленных месторождений высок. В течение многих лет эта 
территория была геологически не достаточно изучена. Наши специально 
проведенные геологические исследования показали возможность наличие 
медно-молибденовых месторождений, связанных с погребенным гранитным 
массивом Арганаты, которые не вышли на поверхность. Геологические 
процессы привели к формированию здесь медно-молибденовых порфировых 
месторождений. Поэтому существует высокий потенциал для открытия новых 
месторождений порфирового типа. Цель. С этой целью в последние годы на 
поле Арганаты  проводились работы по изучению его геологии, геофизики 
и структуры, а также геохимии и петрогенеза массива гранитов Арганаты. 
Однако происхождение выявленного месторождения и его минералогия 
изучены еще недостаточно. Методы. Отобранные образцы были исследованы 
с помощью микроскопа и СЭМ-ЭДС для изучения минералов руды, их 
состава и последовательности образования. Результаты. Полученные с 
помощью высокоточных оптических приборов результаты показывают, что 
сульфиды, такие как пирит и халькопирит, локализованы на краях и в зонах 
трещин титанита, что указывает на более позднее образование сульфидов 
по сравнению с оксидами. Наблюдалась альбитизация калиевого полевого 
шпата и изменение биотита. Титанит разлагается и превращается в рутил и 
ильменит. Ассоциация молибденита с высокотемпературными кварцевыми 
жилами указывает на условия его образования. Выводы. В молибдените не 
обнаружено других минеральных соединений, что может указывать на его 
самостоятельное образование. На основании результатов лабораторных 
исследований рудопроявление Арганаты можно предположить, что помимо 
основных медно-молибденовых компонентов руды, могут присутствовать 
минералы благородных и редкие металлических металлов, имеющие 
промышленное значение.

Ключевые слова: медно-порфировое месторождение, минералогия, 
электронный микроскоп, Арганаты, Восточный Балхаш
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Introduction. The Arganaty porphyry copper–molybdenum ore occurrence 
is associated with the buried granites of the Arganaty massif, which is located in 
the Eastern Balkhash region. Geologically, the Arganaty granite massif is situated 
within the North Balkhash–West Jоngar tectonic belt of the Balkhash metallogenic 
belt (Chen et al., 2010; Li et al., 2012), which hosts major porphyry copper deposits 
such as Aktogaі, Saіak, Konyrat, and others (Sillitoe, 2010; Pirajno, 2000; Daukeev 
et al., 2002; Orynbassarova et al., 2024; Seirov et al., 2025; Ermolov et al., 2015; 
Gao et al., 2018). In recent years, numerous studies have investigated deposits of the 
Balkhash metallogenic belt, as well as other ore districts of Kazakhstan (Baibatsha 
et al., 2025; Ermolov et al., 2018; Antonenko et al., 2016; Mataibayeva, 2026), 
whereas the Arganaty district has remained less extensively studied. Nevertheless, 
recent studies in this area have resulted in the discovery of the Arganaty copper–
molybdenum ore occurrence (Baibatsha and Muszynski, 2020; Baibatsha, 2024).

The stratigraphic succession of the Balkhash region consists of three main 
units: a Precambrian metamorphic basement, Paleozoic folded sedimentary and 
metamorphic rocks, and Mesozoic and Cenozoic deposits (Bekzhanov et al., 2000; 
Daukeev et al., 2002; Koshkin et al., 2007). Most of the Arganaty area is covered 
by Quaternary deposits. Paleozoic complexes are well exposed and consist mainly 
of Devonian and Carboniferous volcanic and sedimentary sequences (Figure 1). 
The granite pluton is located in the central part of the depression and probably has 
an oval shape, covering an area of 100–120 km². The apical part of the Arganaty 
granite massif occurs at depths of 10–70 m. Surface exposures of intrusive rocks 
are rare, except for mafic dykes. Weak regional hydrothermal alterations (quartz, 
muscovite, and albite) and quartz veins have been identified within the ore district 
(Baibatsha et al., 2024; Baibatsha and Muratkhanov, 2025).

The buried Arganaty massif consists of fine- and medium-grained, porphyritic 
biotite granites of pinkish-grey and, less commonly, greenish-grey colour. The 
granites exhibit hypidiomorphic-granular and glomeroporphyritic textures and 
consist of K-feldspar (40–50%), quartz (up to 30–40%), plagioclase (up to 20–
30%), biotite (up to 5%), and accessory minerals (titanite, zircon, and ore minerals, 
amounting to up to 5%). The accessory minerals also include titanite, apatite, and 
zircon.
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Figure 1. A – Location of the Arganaty area within Kazakhstan; B – Schematic geological map of 
the Arganaty area.

Previous studies focused on the geology of the district and the ore occurrence, 
as well as the geochemistry and petrogenesis of the granites (Baibatsha et al., 2026; 
Muratkhanov et al., 2023; Muratkhanov et al., 2024), but the ore mineralogy has 
not been sufficiently characterized. In this study, ore mineral associations and their 
formation sequence were established based on SEM–EDS data.

Materials and Methods. Mineralogical studies were carried out using a 
Hitachi S-3700N variable-pressure scanning electron microscope equipped with an 
energy-dispersive X-ray spectrometer (EDS) at the laboratory of Adam Mickiewicz 
University (Poznań, Poland). The samples were examined in backscattered-electron 
(BSE) mode, which allowed mineral phases to be differentiated based on variations 
in their mean atomic number and the corresponding image contrast. Measurements 
were conducted at an accelerating voltage of 15–25 kV. The chemical compositions 
of individual mineral grains were determined by EDS in semiquantitative mode. 
The obtained results were recalculated and normalized to 100 wt.%.
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Results. Laboratory data revealed minerals in the studied ores that allow 
the geochemical sequence of mineral formation and the characteristics of their 
associations to be determined. A brief description of the ore minerals of the 
occurrence is provided below.

Pyrite is one of the most common ore minerals. It forms irregular grains 
ranging from 15 to 350 μm in size within a biotite–K-feldspar–quartz matrix. In 
backscattered-electron images, pyrite is characterized by a relatively homogeneous 
grey contrast (Figure 2). Pyrite may contain Si, Al, Mg, Ca, and Ti impurities. 
It may occur in fractures, in intergrowths with titanite, and along the margins of 
thorite grains. Pyrite also occurs in biotite affected by chloritization. Pyrite grains 
may contain inclusions of chalcopyrite and coffinite. Oxidized pyrite grains also 
occur along the margins of titanite, where titanite has been transformed into rutile.

 
Figure 2. Left: Pyrite (points 1, 2), K-feldspar (3, 7), zircon (4), fluorapatite (5), chalcopyrite (6), 
quartz (8), biotite (9, 14), plagioclase (10, 11), Fe-bearing sphalerite (12), and calcite (13). Right: 
U–Si-bearing phase (points 1, 5), chalcopyrite (2, 4), and pyrite (3). Backscattered electron (BSE) 

image.

Chalcopyrite is the principal copper mineral in the studied samples from the 
Arganaty ore occurrence. It occurs predominantly as irregular and rounded grains 
ranging in size from several to tens of micrometres (up to 60 μm). It forms discrete 
grains in the altered silicate matrix, occurs along pyrite boundaries, and is also 
present as small inclusions within large pyrite grains. In backscattered-electron 
images, chalcopyrite is characterized by a grey contrast (Figure 3).
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Figure 3. Pyrite (points 1, 4–6) and chalcopyrite (points 2, 3) in an altered silicate matrix. 
Backscattered electron (BSE) image.

The elemental contents of chalcopyrite are, in wt.%: Cu 29.20–33.38, Fe 29.41–
31.24, and S 30.50–36.35. The Cu ratio in the purest analyses approaches 1:2, 
corresponding to the CuFeS2 formula. The analyses also revealed impurities, in 
wt.%: Si 3.09–4.24, Al up to 2.29, and Ca up to 0.96.

Sphalerite forms irregular and locally subhedral grains ranging from several to 
60–70 μm in size, enclosed within the altered silicate matrix. Both relatively large 
discrete grains and smaller grains located near pyrite, chalcopyrite, and rutile–
titanite aggregates are observed. In backscattered-electron images, sphalerite is 
characterized by a bright contrast and is clearly distinguishable from the surrounding 
silicate minerals.

According to energy-dispersive spectrometry data, the elemental contents of 
sphalerite are, in wt.%: Zn 52.82–54.16, S 31.31–33.29, and Fe 6.13–7.34. The 
consistent presence of iron allows the studied grains to be classified as Fe-bearing 
sphalerite. The analyses also recorded the following contents, in wt.%: Mg 1.02–
1.09, Al 1.79–2.51, Si 3.34–3.87, and Ca up to 0.93.

Molybdenite is a characteristic ore mineral of the studied sample from the 
Arganaty ore occurrence. It forms large platy and elongated grains ranging in size 
from several tens of micrometres to several centimetres. In some areas, molybdenite 
forms nearly monomineralic aggregates. It is characterized by numerous thin 
parallel bands and fractures oriented along the mineral cleavage. In backscattered-
electron images, molybdenite exhibits a predominantly homogeneous light-grey 
contrast (Figure 4).
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Figure 4. Molybdenite. Backscattered electron (BSE) image.

According to the analytical results, molybdenite compositions closest to the 
stoichiometric composition contain, in wt.%: Mo 56.97–57.58 and S 40.90–42.34. 
The atomic S/Mo ratio ranges from 2.13 to 2.22, which is close to the theoretical 
formula MoS2.

Titanite is an accessory mineral in the studied samples from the Arganaty ore 
occurrence. It forms irregular and subhedral structures, with locally observed 
wedge-shaped grains ranging in size from several tens of micrometres to 1 mm. 
Large titanite grains contain microfractures and areas of heterogeneous structure. 
Titanite is fractured, and pyrite and zircon occur along the fractures, indicating 
their later origin. The breakdown of titanite resulted in the formation of rutile and 
ilmenite. Manganese-bearing ilmenite develops after titanite. Titanite is spatially 
associated with sulfide minerals. Small amounts of sodium, aluminium, fluorine, 
iron, and magnesium were recorded in the titanite composition (Figure 5).

Figure 5. Plagioclase (1), Th–Zr–Ti silicate phase of thorite type (2), titanite (3), Mn-bearing 
ilmenite (4), chlorite (5), altered biotite (6), Th–Ca–Ti–Si phase (7), pyrite (8), and Fe-bearing 

sphalerite (9). Backscattered electron (BSE) image.
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Discussion. The laboratory studies make it possible to draw conclusions 
regarding the sequence of mineral formation, their associations, and the relationships 
between them. It is clearly evident that minerals such as titanium silicates, 
characterized by well-defined crystal forms, crystallized from ore-forming fluids 
under relatively high-temperature conditions. The occurrence of pyrite along the 
margins and fractured areas of titanite most likely indicates later superimposed 
pyritization. Albitization of K-feldspar and the formation of amphibole after biotite 
(chloritization) were observed. Chloritization is also manifested by the development 
of Fe oxides (Figure 6). Titanite breaks down and is transformed into rutile and 
ilmenite. The association of molybdenite with high-temperature quartz veinlets 
also indicates the conditions of its formation. No inclusions of other minerals were 
observed in molybdenite, which may indicate its independent formation.

Figure 6. Iron oxides (points 1, 2, 7), Fe–Al–Si phase (3), quartz (4), K-bearing aluminosilicate 
(5), and Fe–Mg chlorite (6). Backscattered electron (BSE) image.

Conclusion. The geological conditions of the formation of porphyry copper 
mineralization associated with buried Upper Paleozoic granitoids were studied. For 
the first time, the mineral associations and relationships between sulfide and Th–U–
Zr-bearing phases in samples from the Arganaty porphyry copper–molybdenum ore 
occurrence were characterized using SEM–EDS data. The sequence of ore mineral 
formation was established, including minerals that may also be associated with 
precious and rare metals. It can be predicted that, in addition to the principal ore 
components – copper and molybdenum – the Arganaty ore occurrence may contain 
other priority mineral commodities.
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