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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 Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH 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 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 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).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The Northern Nuratau Range is considered one of the
promising metallogenic regions due to its favorable geological environment and
widespread occurrence of hydrothermal alterations. The South Pistali area has
attracted particular attention because of the occurrence of metamorphic rocks
associated with gold mineralization. Method. Geological field investigations were
carried out in the South Pistali area, including detailed geological observations,
structural analysis, and systematic sampling of representative rocks. Collected
samples were subjected to petrographic and mineralogical examinations under
laboratory conditions to determine the lithological composition, mineral
assemblages, hydrothermal alterations, and ore mineral distribution._Results.
The geological structure of the study area is dominated by metamorphosed rocks
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belonging to the Suvliksay (R,sv) and Kansay (O, ;kn) formations, with the
Suvliksay Formation occupying the largest part of the area. Magmatic rocks are
represented by lamprophyre, diorite, and granodiorite dikes. Laboratory analyses
identified chlorite, clay, and sericite schists as the predominant rock varieties.
Quartz veins and oxidized rocks occurring as veins and small boudins within
metamorphic rocks were formed during hydrothermal activity and subsequently
modified by supergene oxidation. Ore minerals are represented mainly by pyrite,
iron hydroxides, hematite, and ilmenite, which occur in quartz veins, veinlets, and
altered shale rocks, especially within oxidation zones._Conclusion. The obtained
results indicate that gold mineralization in the South Pistali area is closely
controlled by the interaction of sedimentary, metamorphic, and hydrothermal
geological processes. Metamorphic shales served as favorable host rocks, whereas
hydrothermal fluids played a decisive role in the formation and redistribution of ore
minerals. The identified mineralogical, lithological, and structural characteristics
provide reliable exploration criteria for recognizing promising gold-bearing zones
and contribute to a better understanding of ore-forming processes in the Northern
Nuratau Range. The findings of this study can be applied in future geological
exploration, mineral resource assessment, and the development of scientifically
based exploration strategies for similar geological environments.

Keywords: Pistali deposit, Southern Pistali section, shales, chlorite, sericite,
clay minerals, quartz
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Annoramus. Kipicne. Conrycrik Hyparay »OTackl KOJAMIIBI T€OJOTHSIIBIK
Kargabl MEH THUAPOTEPMUSUIBIK ©3repicTepliH KeH TapalyblHa OaiiaHBICTHI
MIePCIIEKTUBACKHI 30P METAJUIOTEHIIK aiiMaKTapaelH Oipi caHamanasl. ANTBHIH KEH-
JeHyiMeH OaiaHbICThl METaMOPQTHIK Tay >XKbIHBICTAPBIHBIH Ke3AecyiHe opai,
Onrycrik [TicToni aymarsl epekiie Hazapra alnbIHIbL. Ddicmepi. OHTycTik [licTemni
ayJlaHbIHA TEOJOTHSIIBIK JATAIBIK 3ePTTEYIIep KYPTi3iIin, OHBIH OapbICHIHIA €T-
KEH-TEerKeli reoJIorusuIbIK OaKbulayaap, KYphUIbIMABIK TalAdy *KOHE THIITIK Tay
KBIHBICTApbIHAH JKYHelNi ChIHaMasap ambIHABL. JIMTONOTHSIIBIK KypaMbIH, MUHE-
PaIBIK aCCOIUAIMSIAPBIH, THAPOTEPMUSIIBIK ©3TepiCTepiH KOoHEe KEH MHUHEpal-
JapbIHBIH TapaJlyblH aHBIKTAY MaKCaThIH/AA )KHHAJIFAaH ChIHAMAJIapFa 3€PTXaHaJIbIK
XKaraaiaa neTporpadusIIbIK )KOHE MHHEPAJIOTHSIIBIK 3ePTTEYIIep jKacaIbl. 3epT-
Tey ayJaHbIHBIH T€OJOrHsIbIK KypbuibiMbinaa Cysnukcaii (R,sv) sxone Kancaii
(O, ;kn) cBuTanapeina xaTaThlH METaMOP(TaHFaH Tay XKbIHBICTAPbI OACHIM, OHBIH
imriHge ayMakThiH O0ackiM Oenirin CyBIHMKcail CBUTACHI allbIIl JKaTblp. MarmanbiK
KBIHBICTAp JaMIpodup, TUOPHUT KOHE TI'PAHOAMOPUT AalKajapblHAH TYPAJIbl.
3epTXaHaiblK Tangayjiap 0acbIM Tay >KbIHBICHI TYPJIEPl PETiHAE XJIOPHUTTI, Ca3abl
KOHE CEpUIMTTI TaKTaTacTapAbl aHBIKTaAbl. MeTaMOp(THIK KBIHBICTAp 1MIiHAC
JKETUIep MEeH ycak OyauHAep TYpiHIe Ke3ASCeTiH KBapIl JKeijaepi MEH TOTHIKKAaH
KBIHBICTAp TUAPOTEPMHUSIIBIK OCJICEHIITIK Ke3iHJe maiijga Ooubln, KeHiHHeH Cy-
MEepre’ ik TOThIFyFa yinbiparad. KeH MuHepangapsl HETi3iHeH MUPUT, TEMIp TH-
TIPOKCUATEP], TEMAaTUT JKOHE MIBMEHUTTEH KYpaJFaH, ojlap KBapIl JKeliiepiHne,
KeJIIIeIepae J)KOHEe e3repicKe yIIblparaH TakKTraTacTapna, acipece TOTBIFY Oein-
nemepinae kesneceni. Homuowcenepi. Anpiaran Hatwxkenep OHryctik [luctann
QIaHBIHJAFBl AJITBIH MUHEpPAJJNAHYbl HIOTiHII, MeTaMOP(THIK KOHE THAPOTEp-
MaJIbJIbIK T€0JOTHSUIBIK TPOLECTEPIH 63apa OpPEKETTECYiIMEH ThIFbI3 OalIaHbICThI
eKeHiH Kkepcereai. MeTaMop(THIK TaKTaTacTap KOJaibl CHIMBICTRIPYIIBI TayKbl-
HBICTap 00JIca, KEH MUHEPAJAApbIHBIH KAJIBIITACYbl MEH KaiTa TapanayblHIa TH-
JOpoTepMaibIbIK (hrIronaTep ey pesl aTkaprad. Kopuimulnobl. AHBIKTaIFaH
MUHEPATOTUSIIBIK, TUTOIOTHSIIBIK KOHE KYPBUIBIMBIK EPEKILETIKTEep NePCIeKTH-
BaJIbI AITBHIHIBI OCTIEeMICP I aHBIKTayFa apHAIIFaH CeHIMI 137ey-0aranay KpuTe-
puitnepin Kamramachi3 ereai opi Conrycrik Hyparay >koTacklHIarbl KeH TY3LTy
MPOLECTEePiH TepEeHIpeK TYCiHyre BIKHan eTeli. bys 3epTTeymiH TYKbIpbIMAAPHI
OoJanrakTa reoJorHsUIBIK Oapiay JKYMBICTApBIH JKYPTi3y[e, MUHEPAIIBIK pecyp-
cTapabl Oaranayna >KOHE OCBIFAaH YKCAC I'eOJIOTHSUIBIK JKarjailyiapra apHajraH
FBUIBIMH HET13JICJITCH 1371y CTpaTeTrnusIapbliH 93ipiaeyae KOJIAaHbUTybl MYMKiH.

Kint ce3nep: [lucranu xeH opusl, [IucTanm oHTYCTIK ydackeci, TaKraracrap,
XJIOPHUT, CEPULIUT, Ca3[bl MUHEpaAJIJap, KBapLl
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AnHoTanus. Axmyanvnocms. CeBepHblii Hyparay sBisieTcss OIHUM U3
MEPCIEKTHBHBIX METAJUIOTCHHYECKUX PErHOHOB Ojarojaps OJaronpusTHOMY
Te0JIOTHYECKOMY CTPOCHHIO W IIUPOKOMY PACIPOCTPAHEHHUIO THUIAPOTEPMATBHO
mMeHEHHBIX TTopod. OcoObrii mHTepec mpencrabisger HOxuo-IIucTammHCKAMA
30JIOTOPY/IHBIA  y4acTOK, B TpeAelax KOTOpOTO  30JI0TOE€  OpYICHEHHE
MPOCTPAHCTBEHHO CBSI3aHO C METaMOP(OUYSCKUMU TMOPOAAMH, KBapICBBIMU
JKWUJIAMU U 30HaMU THAPOTEPMAIIbHBIX U3MEHEeHUHU. V3yueHnue coctaBa, CTPOCHUS
U MHHEPAJIOTHYECKUX OCOOCHHOCTEH CIAHIICB MMEET BaXKHOE 3HAYCHHE IS
BBISIBJICHHMSI 3aKOHOMEPHOCTEH JIOKaau3aliu OpYyACHEHHS H O0OCHOBaHUS
MTOMCKOBBIX KpUTepueB. [[ens. OnpenenuTs TUTOIOTHIECKIe, MUHEPATIOTHIECKIE
U CTPYKTypHBIE 0coOeHHOcTH ciaHieB HOxHo-ITucTamuHCKOTro 3010TOPYIHOTO
y4acTKa ¥ OLEHHUTh WX 3HAUCHHE KaK IIOUCKOBBIX MPH3HAKOB 30JI0TOTO
opynenenus. Mamepuanvt u memoovl.. Ha OxnHo-IluctanuHckoMm yuacTke
MIPOBEJICHBI IOJIEBBIC TEOJOTUYECKUE HUCCIICJOBAHUS, BKIIFOYABIIHNE JETAITBHOC
Te0JIOTHYECKOe KApTUPOBAHUE, CTPYKTYpHBIH aHAIM3 H CUCTEeMaTUYeCKUU
oTOOp  TpeACTaBUTEIBHBIX  00pa3moB  mopoxa.  OToOpaHHBIE — 00pa3IlEI
HCCIICIOBAHBI METPOrPapUUIECKUMU M MHUHEPAJOTHYCCKUMU METOJaMU IS
OIIpE/ICJICHUS] JIUTOJIOTMYECKOTO COCTaBa, MUHEPAIBHBIX aCCOLMAIINH, XapakTepa
TUIPOTEPMANIbHBIX HM3MCHEHHH U OCOOCHHOCTEHM paclpeeieHus] PYIHbIX
MUHEPANOB. Pe3yibmamul. B T€010rn4eckoM CTPOSHUH UCCIICYEMOM TePPUTOPUN
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npeodnagaroT MeTaMoppU30BaHHBIE TOPO/IBI cyBIHKcaiickoi (R2sv) u kaHcalickoi
(O2—kn) cBUT, IpH 3TOM OTJIOKEHUS CYBIMKCANCKON CBUTHI 3aHUMAIOT OOJIBILYIO
4acTh IUIOIIAAM ydyacTKa. Marmarudeckue IOpobl IPEeACTaBIEHbl Jalikamu
namMnpoupoB, AUOPUTOB U TPAHOAMOPHUTOB. YCTAHOBJIEHO, YTO OCHOBHBIMH
JIUTOJIOTUYECKUMH  PAa3HOBHJIHOCTSIMM  SIBISIFOTCSL  XJIOPUTOBBIE, TJIMHUCTHIE
W CEepUUUTOBBIE CiaHObl. KBapueBble KWIbL, NPOXKHIKA U OKHUCICHHBIC
MOPOABI, 3aJICTAIONIMEe B METaMOP(PHUUECKUX TOJIIAX B BUAE HEOONBIINX JIMH3
n OynuH, chopMHUpPOBAIUCH B pe3ysbTare THAPOTEPMAIBbHOM IESITEIBHOCTH U
BIIOCJIEICTBUH I1OJIBEPIVIMCH CYIIEPIeHHOMY OKUCIIEHUI0. PynHast MuHepanuzanus
MpeJ/ICTaBIeHa NMPEUMYIIECTBEHHO MHUPUTOM, THAPOKCHAAMHU *Kelle3a, FeMaTUuTOM
Y WJIBMEHUTOM. DTH MUHEpaJIbl IPUYPOUYEHBI K KBapPIIEBBIM KHJIaM, MPOKUIKAM U
THIPOTEPMATILHO M3MEHEHHBIM CIIaHIIaM, 0COOCHHO B IIpeesiaX 30H OKHCICHHUS.
[lonmy4yeHHble pe3ynbTaThl CBUACTENBCTBYIOT O TECHOW CBSI3W  30JI0TOTO
OPYIEHEHHsI C KOMIUICKCHBIM BO3IEHCTBMEM OCAJO0YHBIX, METaMOP(UUYECKHX,
TEKTOHHYECKHX U IMIPOTEPMaIbHBIX IPOLEeccoB. MeTaMop(pU30BaHHbBIC CIIAHIIbI
CIY’)KWIJIA ONaronpHusTHOW BMEINAIONIEH CPefod, a THIpOTepMalibHbIe (IIFOUIBI
UTpaji BaXXHYIO POJIb B MEpEHOCE, JIOKAIU3AIUK U IepepacrpeeIeHIH PyIHOro
BEIIECTBA. Bbi600bi. BBIABICHHBIE JHUTOJIOTMYECKUE, MHUHEPATOTHYECKUE U
CTPYKTypHBIE OCOOCHHOCTH MOTYT HCIIOJIb30BAaThCSI B KadeCTBE ITOMCKOBBIX
KPUTEPUEB IIPU BBIIEJICHUM IEPCICKTUBHBIX 30JI0TOHOCHBIX 30H HOxHO-
[Tuctanuuckoro yuyactka. K OCHOBHBIM IIpU3HAKAM OTHOCSITCSI PaCIPOCTPAaHEHHE
XJIOPUTOBBIX U CEPUIIUTOBBIX CJIAHIIEB, PA3BUTHE KBAPIIEBBIX K U TPOKUIIKOB,
HaJM4re 30H TUAPOTEPMAIIBHOTO U3MEHEHUS U CYTIEPIe€HHOTO OKHCIEHUS, a TaKKe
MPUYPOYCHHOCTh PYIHBIX MHUHEPAIOB K HM3MEHEHHbIM cinaHnam. IlomxydeHnHbie
Pe3yNbTaThl MOTYT IPUMEHSTHCS ITPH JaJIbHEHIIINX F€0JIOropa3BelouHbIX padoTax,
OLIEHKE MHUHEPAJIbHO-CHIPHEBOI0 MOTEHLIMANA U pa3padOTKEe MONCKOBBIX MoJelei
JUIsl CXOZIHBIX reosornyeckux oocranoBok CesepHoro Hyparay

KuarueBsblie ciaoBa: mectopoknenue Ilucramm, FOxupri yuactox Ilucramu,
CJIaHILIbI, XJIOPUT, CEPULIUT, ITTUHUCTbIE MUHEPAJbI, KBapIl

Introduction. Gold exploration and extraction in the Northern Nuratau Moun-
tains began many years ago. This is evidenced by the work carried out in areas
such as Konsoy, Sentob, Karovulkhona, Korakuduk, Uzunsoqol, Davlatkho'ja,
Ko'ng'oraut, and others. The Pistali site was first studied as an independent object
in 1988 during exploration work at the Tandir site (V.B. Zholtkevich, 1985-1991)
and was deemed to have low prospects. In 2001, the projected resource data of the
Samarkand State Geological Exploration Expedition were reassessed, and work
was carried out within the framework of the evaluation stage from 2001 to 2012.
As a result of these works, the Pistali ore field and its individual promising sec-
tions were identified. The South Pistali section was considered a separate promis-
ing part of this ore field and was delineated as a distinct area.

Since late 2020, preparatory work for development and initial assessment has
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begun at the Pistali deposit in the region. Within a short period, Navoi Mining
and Metallurgical Complex commenced excavation work at the site. Geological
exploration is also actively continuing in promising areas surrounding the depos-
it. Additionally, extensive research is being conducted by scientists from various
organizations to study the stages of mineralization and the processes of gold ore
formation in the ore field. Pirnazarov M.M., Zavyalov G.E., Khamroev 1.0O., and
Koloskova S.M. have concluded that gold and arsenic ores in the region are con-
trolled by structural, magmatic, and lithological factors (Pirnazarov et al., 2003).
Abduazimova Z.M., Aleksandrova N.V., Tabatchenko L.M., Shaykurov N.B., and
Rakhimov A.D. have noted that zones of intense fracturing at the intersections
of tectonic structures also play a significant role in the accumulation of gold and
other minerals (Abduazimova et al., 2007). Additionally, in the region, research-
ers such as Glux A.K., Mavlonov J.J., Mirkamalov R.Kh., Chirikin V.V., Nurk-
hodzhaev A.K., Asadov A.R. (Asadov et al., 2021), Riskidinov J.T., Ubaydullaeva
Sh.A., Ishbaev Kh.D. (Ishbaev et al., 2025), Ganiev I.N., Shukurov A.Kh., and
others have conducted studies in various directions and drawn conclusions related
to mineralization. However, ongoing debates surrounding gold mineralization in
the area indicate that the study of gold mineralization and related processes in
the region requires a distinct approach. It is worth noting that such controversial
issues are observed throughout the territory of the Republic of Uzbekistan, which
is rich in gold deposits. Mirusmanov M.A., Zakhidov A.R., and Zhuliev M. con-
cluded that the Lower Paleozoic quartzite schists play a key role in the localization
of hydrothermal gold mineralization at the "Shirotny" deposit in Southern Uzbeki-
stan (Mirusmanov et al., 2022). In the geological-genetic model of gold forma-
tions on the northern slopes of the Chaqil-Kalon Mountains, the development of
gold-bearing quartz veins in strongly silicified quartzite schists of the Lower Pa-
leozoic has been noted (Mirusmanov, 2015). In a study focused on the processes of
gold mineralization formation in the Okzhetpes ore field (Bukantau Mountains),
Khaydarov Z., Mirusmanov M., Tangirov A., and Sodikov S. concluded that "ore
concentrations of gold and silver in zones 2, 3, and 5 of the Okzhetpes ore field are
formed based on sedimentogenic resources of metals and sulfur. The ore resource
of such objects is determined by the scale of the metal-bearing environment and its
transformation processes, and the identification and assessment of these systems
acquire important practical significance" (Khaidarov et al., 2025). In an article by
T.B. Ishbobayev et al., dedicated to the oxidation zone of ores in the Okzhetpes
ore field, attention was drawn to the presence of secondary enrichment zones in
gold ores and the importance of considering such situations during field work
(Ishbobaev et al., 2023).

Taking the above into consideration, we focused particularly on gold miner-
alization in the region and its relationship with shales, the connection between
rocks formed during metamorphism and hydrothermal solutions, and the variabil-
ity in their mineralogical composition. The article provides brief information on
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the geological structure of the South Pistali area, the structure, composition, and
ore minerals of the shales that predominate in the region, as well as the formation
processes of these ore minerals.

Materials and methods. Data on the geological structure of the area was com-
piled using the report of geological survey work conducted by R.S. Khan in the
Northern Nuratau Mountains in 2007, as well as the project for preliminary assess-
ment of ore bodies in the southern and northeastern wings of the Pistali deposit by
A.R. Normuminov and M.K. Shirinov in 2023.

In general, numerous gold deposits and placers, as well as multiple geochemi-
cal gold distribution halos, are associated with the sediments of the Suvliksoy and
Besapan suites in the western part of the Northern Nuratau Range (Abdullayev
et al., 1977). Many occurrences of gold ores are observed in this area. Structur-
ally, the Pistali ore field is bounded by the western periclinal closure of the Yom-
bosh-Ustuk brachyanticline, which has a length of 70 km and a width of up to 15
km. The azimuth of the anticlinal axis is 280-290°, and the dip angle of the hinge
is 10-30° (Pokrovskiy, 1988; Pokrovskiy et al., 1988;).

The geological structure of the area includes metamorphosed rocks of the Su-
vliksoy (age equivalent of the Suvliksoy suite) (R sv) and Kansay (O, kn) suites
(Figure 1).

The Suvliksoy Suite (R sv) forms the base of the section in this area and is
the oldest suite in the Tamdytau-Nuratau subzone. Its lower boundary remains
unexposed, while the upper boundary is located in the upper part of the quartzite
horizon. The suite consists of bodies and layers of metamorphic schists, quartzite,
dolomite, and marbled limestone. The schists are composed of quartz-mica and
muscovite-sericite schists with varying carbon content, along with relatively thin
packages of meta-siltstone and meta-sandstone. Within the metamorphic schists,
quartzites and carbonate rocks (limestones, dolomites) occur as densely interbed-
ded layers and bodies, ranging in thickness from one to ten meters and extending
up to several kilometers in length (Pokrovskiy, 1988; Pokrovskiy et al., 1988;
Shodmonov et al., 2025).

Quartzites (phtanites) appear as gray and dark gray fine-grained, layered or
massive rock formations. Their structure is granoblastic, mosaic, and sometimes
granolepidoblastic, while their texture is massive. These rocks are composed of
carbonate rocks, dolomites, and various marbled and dolomitized limestones. The
color ranges from brownish-gray to brown.
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Figure 1. Geological structure diagram of the Pistali gold deposit. (Compiled using data from A.R.
Normuminov and M.K. Shirinov).

1 - Middle Paleogene. Kultaban Formation. Alternating layers of clays, marls, sands, and sand-
stones; 2 - Middle and Upper Ordovician. Konsoy Formation, Lower Member. Micaceous schists,
siltstones with interbedded albite-micaceous sandstone layers; 3 - Upper Riphean. Suvligsoy
Formation, Lower Member. Micaceous schists, metasandstones with layers and lenses of meta-silt-
stone and quartzite, dolomites, and limestones; 4 - schists; 5 - quartzites and quartzite-like rocks; 6
- lamprophyre dikes; 7 - quartz veinlets; 8 - Axis of the anticlinal structure; 9 - observed fractures;
10 - incompletely observed fractures; 11 - ore bodies and their serial numbers (reserves of category
C2); 12 - predicted resources of category P1 and their serial numbers; 13 - predicted resources of
category P2; 14 - Contours and numbers of plots: 1) South Pistali plot, 2) East Pistali plot, 3) North
Pistali plot.
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Kansay Suite (O, ;kn). Suite deposits are widespread in the Gatchasoy basin.
The lower part of the section consists mainly of shales. The color of the rocks
ranges from greenish-gray to dark gray, with silky luster on the cleavage surfaces.
In terms of composition, quartz-mica and quartz-mica-sericite-chlorite schists are
distinguished among them. They are metamorphosed siltstones and pelites, form-
ing stilpnomelane-chlorite-muscovite subfacies. The majority of the rocks are mi-
ca-quartz schists, while a smaller portion consists of sericite-chlorite schists.

Paleogene deposits have been identified in wells drilled in the northern part of
the area.

The deluvial-proluvial deposits of the Quaternary period belong to the Mir-
zachul complex (Q,gl), covering the upper part of the existing deposits in the area
with varying thicknesses.

Igneous rocks. The igneous rocks of the area are represented by dikes of diorite
and granodiorite composition, forming a zone up to 1400 meters wide and a Pistali
stock of quartz syenite-diorites directly in the deposit area. The orientation of the
dike zone generally corresponds to the orientation of the host rocks. The dikes are
mainly composed of lamprophyre-like diorite porphyries of the spessartite and
kersantite types, as well as granodiorite-porphyries. Spessartites are considered
the earliest members of the series and are cut by kersantites. Granite dikes are
very rare.

Tectonic structures. Longitudinal structures are more often noted, usually asso-
ciated with the formation of brachiomorphic folds. From a morphological point of
view, the main faults are sharply vertical faults (sbros) and uplifts (vzbros). These
fracture zones are filled with milonitization products, represented by quartz veins
(Abdullayev et al., 1977; Shoyokubov et al., 1998).

The largest longitudinal faults in this area include the North-Nuratau deep fault
and adjacent faults. These faults extend along the northern foot of the mountain
range and connect with the young platform crust. On the Earth's surface, the slope
of the faults lies at an angle of 60-800 to the north, northeast, and southwest.
Fault zones are represented by milonitization, brecciation, and predominantly iron
deposition. As a result of these structures, the displacement of Mesozoic-Cenozoic
deposits along the faults is clearly observed (Figure 1).

The Suvliksoy Suite is represented by two sub-slices: lower and upper. The
rocks of the lower subsuite make up a large part of the area of the South Pistali
section and its slopes.

The rocks of the Suvliksoy Suite of the area and its surroundings are metamor-
phosed at the level of the green schist facies of regional metamorphism.

The mineralized gold zones of the Pistali deposit are associated with metaso-
matically altered rocks. The degree of metasomatism is significant, covering al-
most the entire Suvliksoy Suite at depths of hundreds of meters. The manifestation
of metasomatism along fractures and fissures is very uneven and inconsistent. The
distribution area of metasomatically altered rocks increases in the northern direc-
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tion. At some points, metasomatism is observed, encompassing the entire surface
(Pokrovskiy et al., 1988; Shodmonov et al., 2025).

The geological structure of the South Pistali area consists of metamorphosed
terrigenous-sedimentary rocks from the Suvliksoy Formation of the Upper Pro-
terozoic. These rocks are intersected by intrusions of the Kattaich (Middle to Up-
per Carboniferous) and Gatcha (Late Carboniferous to Early Permian) magmatic
complexes (Figure 1) (Pokrovskiy et al., 1988; Shodmonov et al., 2025).

The Suvliksoy Suite consists of two subsuites: lower (R,sv,) and upper (R,sv,).

A large part of the area is composed of rocks from the lower subsuite (R sv,).
This subsuite includes quartz-mica, mica-quartz, and carbonaceous schists, me-
ta-siltstones, and meta-sandstones. Among them are layers and horizons of car-
bon-rich and green chlorite-epidote schists, metasiliceous quartzites, and dolo-
mites with thicknesses ranging from 1-5 meters to 20-40 meters. The total thick-
ness of the subsuite reaches up to 2600 meters.

The deposits of the Upper Subformation (R ,sv,) are distributed in the western
part of the area. The main component of this subformation consists of numerous
layers of metasiliceous quartzites, marbled limestones, and dolomites, ranging in
thickness from a few centimeters to tens and hundreds of meters. The thickest lay-
er is developed at the base of the subformation, consisting of alternating layers of
limestones, quartzites, and dolomites. In its widest part, its thickness reaches up to
150 meters. The subformation is composed of albite-porphyroblastic mica-quartz,
crystalline muscovite-feldspar-quartz schists, gneiss-like rocks, green quartz-epi-
dote-chlorite (metatuffs) and albite-clinozoisite-chlorite-amphibole (metabasalts)
schists. The total thickness of the formation is 1500 meters.

The deposits of the Golodnostep complex of the Quaternary period (Q gl) lie
unconformably on the deposits of the Suvliksoy Suite with an angular discor-
dance. Their thickness ranges from 1-5 meters in the southern mountainous part
of the territory to 10-60 meters in the northern part. These are deluvial-proluvial
deposits by origin. In terms of composition, they consist of loamy soils mixed with
sand and gravel material, while the northern part of the territory mainly comprises
sand-clay-gravel deposits with gravel and boulder material. The modern Quater-
nary alluvial-deluvial deposits consist of gravel, crushed stone, siltstone, sandy
loams, and loess-like loams and clays.

Magmatic formations are represented by intrusions of the Kattaich and Gatcha
complexes and their dike analogs (Zel et al., 2020).

Intrusions of the Kattaich Middle-Late Carboniferous gabbro-diorite complex
(&6 C,_kt) are represented by diorite and granodiorite dikes, as well as stock-like
outcrops of quartz syenite-diorite intrusions. The dikes (lamprophyre-like diorite
porphyrites, granodiorite porphyries) (Ishbaev et al., 2025) form a belt up to 500-
700 m wide in the Pistali deposit area and southeast of it. The elongation of this
belt generally corresponds to the orientation of the surrounding rocks (20-60°
northeast). The thickness of the dikes ranges from the initial tens of centimeters to
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20-30 m, with predominantly vertical dip, often inclined to the west at an angle of
60-80°, and sometimes to the east at an angle of 20-30°.

In the eastern part of the territory, intrusions of the Late Carboniferous-Early
Permian two-mica granite complex (yC,-P, g) are represented by the Temirkabuk
biotite-muscovite granite massif with a total area of 35 sq. km and a series of
aplite-pegmatite dikes. The thickness of the dikes ranges from 0.1 to 1 m, and
they are predominantly oriented in the northwestern and sublatitudinal directions.

According to gravimetric data, two “hidden” intrusive bodies with granitic
composition have been identified in the study area: the Pistali massif to the north-
east of the Pistali deposit and the Kulkuduk massif to the west of the deposit. Both
massifs are considered to be continuations of the Temirkabuk intrusive, located at
a depth of 500-700 m below the Earth’s surface.

The main plicative structure of the area is the Yambosh-Ustuk brachianticline,
formed during the Hercynian period, which was observed during geological map-
ping (Usmanov, Startsev et al., 1984) between Kulkuduksoy and Gatchasoy, ex-
tending for 10 km up to the village of Ulus. The eastern part of the anticline is
intersected by the granites of the Temirqobugq intrusion.

The most clearly identifiable structures among fractures and faults are lon-
gitudinal structures, usually associated with the formation of brachiform folds.
Morphologically, these consist of steeply dipping faults and uplifts. These fault
zones are characterized by mylonitization, vein quartz formation, and iron miner-
alization.

The following methods were used in the research process:

1) Reviewing the materials of previous work carried out;

2) During fieldwork, lithological sections were compiled in the South Pistali
area;

3) A total of 10 samples were collected using the channel sampling method: 6
samples from the intervals of 148.5-149 m, 149-149.5 m, 149.5-150 m, 150-151
m, 151-152 m, 152-153 m, and 4 samples from the intervals of 166-167 m, 167-
168 m, 168-169 m, 169-170 m along the 2nd trench of the 7th exploration line
(R1-7) in the South Pistali area. The first 6 samples were taken from the fourth
ore body, and 4 from the fifth ore body (gold occurrence points). These ore bodies
have been studied in the eastern and northeastern parts of the area.

Results and discussion. Based on the analysis of samples taken from different
points of the study area under laboratory conditions, it was established that the fol-
lowing types of shales are present in the area: chlorite shales, clay shales, sericite
shales. Chlorite schists are rocks that are often found in basic, sometimes inter-
mediate and acidic rocks, where colored minerals are replaced by chlorite during
metamorphism and recrystallized. Clay shales are quickly disintegrating rocks
formed during the initial stages of metamorphism, resulting from the compression
and layered crystallization of clay rocks. Sericitic schists are rocks formed by the
metamorphism of layers composed of fine particles of colored mica minerals and
small quartz veins (Milovskiy, 1973).
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Chlorite schists are found in almost all areas of the field. This main type of
schist, being the predominant rock distributed in the surface layers, indicates the
widespread occurrence of metamorphism in the region. Under the Quaternary
cover, it can be observed that the primary rocks are schists of this type. At some
points, outcrops that have emerged on the surface can also be observed. Chlorite
schists are distributed in a layer-like form in a specific sequence with quartz,
and observations show that during the intensive metamorphic process, quartz
veins penetrated the schist layers. The intersection surface of quartz and chlorite
schists is strongly oxidized and partially weathered. Schists are very easy to
identify by their greenish glossy color. Occasionally, crystalline chlorite schists
are encountered. In such cases, the stratification characteristic of shales is rarely
observed. Most commonly, layered chlorite schists are encountered. In this type of
schist layers, fractures, small cracks, and the penetration of thin quartz veins can be
observed. Around these quartz veins, fractures, and small cracks, an intensification
of oxidation is noticeable. The fractures are predominantly parallel to the direction
of the layer, though occasionally perpendicular veins and cracks are also found.
Ore minerals are more prevalent along the parallel fractures, which is evidenced
by the presence of oxidation processes along the direction of these cracks or
fractures (Figure 2). When examining particle sizes in thin section samples, it
was determined that fine-grained particles measure 0.01-0.03 mm, while medium-
sized particles range from 0.05-0.09 mm (Table 1).

Figure 2. Chlorite schists and the quartz and sericite minerals contained within them. Thin
section Nel. Magnification 50x with analyzer. 1 - chlorite; 2 - sericite; 3 - quartz; 4 - ore minerals.

As particle size increased, a rise in the content of ore minerals was observed.
The oxidation process is widely evident both in quartz and in the chlorite schists
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surrounding them. When exposed to sunlight, chlorite schists reflect light and
shine similarly to sulfide minerals. It is around these shiny points that sulfide min-
eral particles such as arsenopyrite, pyrite, and occasionally chalcopyrite can be
observed.

Clay shales, which are less common in the area compared to chlorite shales, are
mainly composed of fine-grained particles and are less frequently observed with
quartz. They are mainly composed of fine-grained particles. Analysis of the ob-
tained samples leads to the conclusion that among clay shales, quartz occurs in the
form of lenses 2 cm and smaller, while lenses larger than 2 cm and quartzite layers
are mainly observed in chlorite shales. Ore minerals are less common among the
layers of clay shales, primarily occurring as small strata of hematite and limonite.
The composition of clay shales is very complex and difficult to distinguish accu-
rately. The particles are very fine-grained, which makes it challenging to observe
them clearly in thin sections (Fig. 3).

a)
Figure 3. Clay shales and the ore minerals contained within them (black dots). Thin section Ne4.
Magnification 25x: a) without analyzer, b) without analyzer.

Analysis of the samples reveals that in areas where clay shales are present,
thin layers with a thickness of 0.1-0.2 mm can be observed. Along these layers,
fine cracks are visible. When sample fragments are broken, iron oxide minerals
and other oxidized mineral accumulations can be seen in the spaces between lay-
ers. Among the shale layers, small lenticular quartz veins up to 0.01 mm thick
and quartzite layers can be observed. The particle size of clay shales ranges from
0.01 to 0.02 mm and is infrequently observed (Table 1). During the process of
metamorphism, ore minerals accumulated between layers of shale, forming var-
ious concentrations. As a result, in the existing layers of clay shales in the area,
almost no ore minerals are observed. Some thin interlayers are entirely covered
with oxide minerals. Oxide minerals are particularly widespread around fractures
and small veins of quartz.

Sericitic schists. Chlorite schists also contain a large amount of sericite miner-
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al, but in some areas, sericite forms the main component of the schist composition.
This type of schist is also among the widely distributed schists in the region. In
the samples, it can be observed that small particles of mica minerals and quartz,
present in small quantities, form the basis of the schist layers and have developed
as a separate layer, visible in sunlight. As mentioned above, the foundation of this

type of schist consists of sericite and quartz (Figure 4).\

Figure 4. Sericitic schists and the ore minerals contained within them (black dots). Thin section
Ne5. Magnification 25x: a) without analyzer, b) without analyzer.

Table 1. Mineralogical composition of rocks observed in thin sections.

Grin- | Quartz content | Content of Sericite content | Content of clay | Content of ore

ding in the grinding | chlorites in the | in the grinding minerals in the | minerals in

order | wheel (%) grinding (%) wheel (%) grinding (%) the grinding

number | (particle size (particle size (particle size (particle size (%) (particle

mm). mm). mm). mm). size mm).

JP-1 20-25(0,3-1)  |55-60(0,03-0,1) |5-10(0,01-0,03) |- 3-5(0,05-
0,5-1)

JP-2 20-25(0,2-1)  |35-40 (0,03-0,05) | 15-20 (0,01-0,03) |- 5-10 (0,05-
0,09)

JP-3 50-55 (0,07-0,5) | 15-20 (0,03-0,1) | 10-15 (0,02-0,05) |- 5-10(0,01-
0,5)

JP-4 - 15-20 (0,02-0,2) |45-50 (0,07-0,09) |5-10 (0,01-0,02) | 15-20 (0,07-
0,7)

JP-5 30-35 (0,07-0,1) | 30-35 (0,03-0,07) | 15-20 (0,03-0,05) |3-5 (0,02-0,05) |3-5(0,02-0,2)

JP-6 75-80 (0,1-1,5) |3-5(0,07-0,1) 5-10(0,01-0,09) |- 3-5(0,01-0,3)

Jp-7 50-55(0,2-1,7) |5-10(0,01-0,02) |5-10(0,01-0,07) |3-5(0,01-0,02) |15-20 (0,01-
094)

JP-8 50-55(0,03-1) |10-15(0,04-0,2) |5-10(0,01-0,02) |5-10 (0,02-0,04)|5-10 (0,01-
0,1)

JP-9 50-55 (0,05-0,8) | 30-35 (0,01-0,09) | 3-5 (0,01-0,04) |- 3-5(0,02-0,4)

JP-10 |45-50(0,02-1,2) | 35-40 (0,02-0,1) |3-5(0,02-0,04) |- 3-5(0.05-0,6)

Y 43-48 (0,1-1)  |23-28(0,03-0,1) |11-16(0,02-0,05) |4-8 (0,02-0,03) |6-10 (0,03-
0,5)
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The average particle size in sericites is 0.02-0.05 mm, while in quartz it is 0.1-1
mm (Table 1). Quartz veins (or veinlets) are almost not observed around the layers
of sericitic schists. Small cracks are present, running parallel to the layers. Ore
minerals are rarely observed with this type of schist. From observations, it can be
concluded that this type of schist may have formed due to the accumulation and
recrystallization of mica mineral particles and quartz particles at a single point.

The main representatives of sulfide minerals present in the region are pyrite
and arsenopyrite, which are widespread in rocks and quartz veins. The oxidation
process is more pronounced at the interface between quartz veins and schist lay-
ers. In addition to pyrite and arsenopyrite, the schists contain hematite, ilmenite,
and magnetite. Primary minerals have been transformed into limonite and various
other secondary minerals.

Conclusions. The rock formations in the area were primarily formed through
sedimentary, metamorphic, and hydrothermal processes. Initially, the existing sed-
imentary rocks underwent metamorphism, which resulted in the formation of cer-
tain types of slate.

In the strata of the Suvliksoy Formation, which constitute the main part of the
mine section, chloritic, argillaceous, and sericitic varieties of shale are primarily
observed. Microscopic studies indicate that the majority of these shales are meta-
terrigenous rocks, with a very small amount of metamorphosed carbonates also
present.

In the structure of the shales, the alternating sequence of several types of mi-
crolayers, each up to a few mm thick, was identified. By assessing the quantitative
proportions of the main minerals in these shales, it was possible to distinguish
between chloritic, argillaceous, and sericitic types.

In the placement of ore zones, their tendency to associate more frequently with
chloritic shales and, to a lesser extent, with sericitic shales was observed.

The quartz and oxidized rocks, which formed as veinlets and small boudinages
within metamorphic rocks, are products of hydrothermal processes and have un-
dergone various alterations due to surface oxidation.

The ore minerals within the rock formations have undergone significant chang-
es, primarily in the oxidation zone, and were observed in quartz veins and veinlets,
as well as in shales. These minerals consist of pyrite, which is rarely observed in
quartz; various iron hydroxides observed at the contact surfaces between quartz-
ites and shale rocks and in oxidation zones; and hematite and ilmenite, which are
found as isolated occurrences within the shales.

The continuation of future research, through a thorough study of metamorphic
schists, will enable the identification of the facial-lithological factors governing
gold ore deposits. Furthermore, studying vein and ore minerals will allow for the
determination of the geochemical-mineralogical factors of these deposits.
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