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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.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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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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AHHOTammMsA.  O3exminiei.  ApraHaTbl  MBICTHI-TIOPGHUP  KeHOUTIHIMI
Kazakcrannasiy [1Isireic bankamn aliMareiaga opHanackad. by aiimakta AKTOFaid,
Atinapnbl, Cask, KoHbipar oHe 0Oacka Jia ipi ©HIIPICTIK KCHOPBIHAAP OCJrii.
MyHza 6acka ©HEpKACINTIK KeH iep OOybIHBIH dJ1eyeTi )Korapsl. KernTereH xbuigap
0oiib1 OyI1 aliMak reoOTHSUTBIK TYPFBIIAH a3 3epTTenreH. bi3aiy apHaibl )KyprizreH
TEOJIOTHSUIBIK 3EPTTEy JKYMBICTaphl jKep OeTiHe WIbIKNaraH, KeMyidi ApraHaTbl
IPaHUT MAacCUBIMEH OalIaHBICTBI KeHIep Oap eKeHiH KepceTTi. leonorusbix
MPOIECTEP MYHJIa MBICTBI-MOJIMOIEHI1 Top(hUp KEHHIH Mmaia OOJTybIHA OKEJTeH.
CoHIpBIKTaH XKaHa KEHOPBIHIApP ally[blH MYMKIHAIr xorapbl. Maxcamui. Ocbl
MakcarTa ApraHaTbl aJJaHbIHJA COHFBI JKbIJIIAPbI JKYPIi3UIreH KYMbICTapia OHBIH
TCOJIOTHACH], TeO(PU3NKACHl MEH KYPBUIBICHI, COHIal-ak ApraHaThl TPaHUTIHIH
TCOXMMHUSCHI JKOHE TIETPOreHe31 3epTTeni. JlereHMeH, aHbIKTaaFaH KeHOTiHIMHIH
naiiga OOyBl KOHE OHBIH MHUHEPAJIOTHSCHI JKETKUTIKTI TYpAe 3€pACIICHIeH KOK.
Odicmepi. ANbBIHFaH ChIHAMaJlap MHKPOCKOINTHIH KemerimMeH joHe SEM-EDS
apKBUTBI aJIbIHFAH HOTHIKEJIEP/Il TalijaiaHa OTHIPBII, KeHOUTIHIMHIH MUHEpaIAaphl,
oNapiblH KYpambl JKOHE TY3L1y perTuniri 3eprrenmi. Homuowenepi. AlbIHFaH
HOTHKEJIEp UPUT MEH XaIbKOUPUT CHSIKTHI CYAb(QHUATEP TATAHUTTIH IIETTEPl MEH
KapBIKIIAKThl alMaKTapbIMEH ILIEKTEIreHiH KopceTedl, Oyl Karaaid cynbpuarep
OKCHATEPICH KeHiHipeK KapairaHblH Kepcereni. Kamuili npama mmaTbIHBIH
aNBOUTTEHYIHEH KoHE OWOTHUTTIH e3repyi OaWkamapl. TUTAHUT BLABIpAI, PyTHIT
MEH HJIbMEHUTKE aiHaiaabl. MONMMONCHUTTIH >KOFapbl TeMIIEpaTypajbl KBapil
KeJIIiKkTepiMeH OalIaHbIChl, OHBIH TMaifa OONy JKargaiiapblH Oumipesi.
Kopuvimoinoer. MonmubaeHnTTe 0acka MHUHEpaIaap KOCBUIBICTAPHI OaifkaaMaimsl,
Oy1 oHBIH JepOec maifa OONYyBIH KepceTyl MYMKiH. ApFaHaTbl KeHOUTIHIMIH
nabopaTopysIbIK 3epPTTEY HOTHXKENIEpIHe CYHEeHe OTBHIPBIN, MYHJIA KeHJIEep/iH
HET13T'1 MBIC KOHE MOJIMOJICH KOMIIOHEHTTEepiHEH 0acka, 0achiM KYHJIBUIBIKKA HE
MeTalaap MUHepanaapbl 00Tybl MYMKiH €KeHiH OoJKayFa Oomabl.

Tyiiin ce3mep: MBICTBI-OPGUP KEHOPHBI, MHUHEPAJIOTHS, 3JIEKTPOHIBIK
Mukpockon, Apranarsl, Leirsic bankarm
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AnHoTanusa.  Axmyanvrocms.  MeaHo-nopupoBoe  pyJONpOSBICHUE
Apranatel  pacnonoxeHo B Bocrouno-banxamickoir uactu Kazaxcrana. B
9TOM peruoHe u3BecTHhl AKkroraiickoe, Ainapnsl, Casdxckoe, KonbIparckoe
U JIpyrue KpyIHble NpPOMBIIIICHHBIE MecTOpoXkaeHus. l[loTeHuman Hamuuus
JPYTUX TPOMBIIUIEHHBIX MECTOPOXKJEHUI BBICOK. B TedueHme MHOrmx Jjer 3rta
TEeppPUTOpHs ObUIA TEOJIOTMYECKHM HE JIOCTaTOYHO M3ydeHa. Hamm crenmanbHo
MIPOBEICHHBIE T'€OJIOTHYECKUE MCCIEIOBAHNS TMOKa3aJId BO3MOKHOCTh HaJM4Me
METHO-MOIHOICHOBBIX MECTOPOXKIICHHUH, CBI3aHHBIX C MOTPEOCHHBIM IPAHUTHBIM
MaccUBOM ApraHarbl, KOTOpbI€ HE BBIIIIM Ha MOBEPXHOCTh. [eomornueckue
MPOIeCCHl MPUBENU K (POPMUPOBAHHUIO 37I€Ch METHO-MOJINOJCHOBBIX MOPHHUPOBBIX
MecTopoxaeHui. [ToaToMy cylecTByeT BBICOKHH MOTEHLIMA JIIsl OTKPBITHS HOBBIX
MeCTOpoXaAeHNH mopdupoBoro tumna. L{ers. C 3TOH HENbIo B MOCIEAHNE TObI Ha
noje ApraHarsl HPOBOIWINCH pabOTHI MO M3YUYEHHUIO €r0 T'e0JIOTHHU, Te0()U3NKN
U CTPYKTYpBI, a TaKke€ F€OXMMHUHU U METPOreHe3a MacchBa IPaHUTOB ApraHarhbl.
OnHako TNPOUCXOXAECHNE BBISIBICHHOTO MECTOPOXKJEHHUS M €ro MHHEpPaJorHs
W3yYeHBI ellle He0CTaTouHO. Memoowvl. OToOpaHHbIe 00pa3bl OBUIN UCCIIEIOBAHBI
¢ noMmoIpelo MHukpockorna u COM-DJIC st u3yuyeHHs MUHEpANOB pPYyIbl, UX
COCTaBa U IIOCIEIOBATEIbHOCTU 00paszoBaHus. Pezynemamor. IlomyueHHble ¢
MOMOIIBIO BBICOKOTOYHBIX ONTHYECKUX MPUOOPOB Pe3ylbTaThl MOKAa3bIBAIOT, YTO
Cynb(UIbI, TaKWE KaK MUPHUT U XAJIBKOIMUPHUT, JIOKATU30BaHbl HAa KpasX M B 30HAX
TPELIMH THUTAHUTA, YTO yKa3bIBaeT Ha Ooyiee mo3nHee oOpa3oBaHME CYIb()HIOB
M0 CpaBHEHMIO C OKcHaamu. HalOmromanmach anbOMTH3aLUs KaJHEeBOTO IOJIEBOTO
mimnaTta ¥ u3MeHeHue OMoTuTa. THUTaHUT pasjaraeTcs M MpeBpamaeTcs B pyTHi U
WIBMEHHT. Accoluanus MONHOJCHHUTA C BBICOKOTEMIEpaTypHBIMH KBaplEBbIMU
KHUJIAMH yKa3bIBaeT Ha YCJIOBHsI €ro o0pa3zoBaHus. Bvisoovl. B Monnbnenute He
O00HapyXEHO JIPyTUX MHUHEPATbHBIX COCAMHEHHH, YTO MOXKET yKa3blBaTh Ha €ro
camocCTosITeIbHOe oOpa3oBaHue. Ha OCHOBaHWMHM pe3ynbTaToB J1a0OPATOPHBIX
HCCIJIEZIOBAaHUI PyAOINpOsBIEHNE ApraHaTbl MO)KHO TPEANOJIOKUTh, YTO TTOMUMO
OCHOBHBIX METHO-MOJIMOZACHOBBIX KOMIIOHEHTOB PYABI, MOTYT HPUCYTCTBOBAThH
MUHEpalbl ONaropoiHbBIX M pEeIKUe METaNTMUYeCKUX METaJIOB, HMEIOLIHNE
MIPOMBILIIEHHOE 3HaYEHNE.

KioueBble cioBa: MeqHO-OPOUPOBOE MECTOPOXKICHHE, MHHEPAJIOTHS,
JIEKTPOHHBIH MUKpocKkoM, ApraHarsl, Boctounsrii banxam
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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 Jongar tectonic belt of the Balkhash metallogenic
belt (Chen et al., 2010; Li et al., 2012), which hosts major porphyry copper deposits
such as Aktogai, Saiak, Konyrat, and others (Sillitoe, 2010; Pirajno, 2000; Daukeev
et al., 2002; Orynbassarova et al., 2024; Seirov et al., 2025; Ermolov et al., 2015;
Gao etal., 2018). Inrecent 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 km?. 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 (Poznaf, 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 um 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.
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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 pm). 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 CuFeS, formula. The analyses also revealed impurities, in
wt.%: Si3.09—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 pm 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 MoS,.

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).

Base(19)

15 | g5535

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.
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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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