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Analytics

NAS RK 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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MINERALS OF NOBLE AND RARE ELEMENTS
IN KARATURGAY AND MAYKE ORE TYPES
OF MAYATAS ORE REGION (NORTH ULYTAU, KAZAKHSTAN)

Abstract. Significant outcome of the studies is a discovery of accessory siegenite, platinum telluride - mon-
cheite, silver telluride - hessite, lead telluride - altaite, lead selenide, solid solutions of metals of the iridium group
(Ir, Os, Ru), REEs (Dy, Er, Y, Ce), reported for the first time from picrites of the Karaturgay complex, where they
occur in association with previously known sulfides. Zigenite and millerite are found in picrite diabases in
association with pentlandite, pyrite, and galena. These minerals have not been previously recorded from rocks of the
Karaturgay complex. Numerous mineral microinclusions identified in present study show unusual mineral asso-
ciations not previously documented in the region, including cobaltite-gersdorffite minerals with Pt, Ir, Rh, Ru, Os;
ullmannite, silver telluride — hessite, lead telluride - altaite, sperrylite, testibiopalladite, native silver, acanthite, melo-
nite, vavrinite, REE-bearing phosphates and fluorophosphates and rhenium minerals.

From the sequence of formation of mineral phases and the analysis of the isothermal sections of the condensed
Fe-Ni-S system it can be concluded that formation of the Karaturgay type sulfide copper-nickel mineralization
apparently took place in several temperature regimes. Schematic model of the sequence of formation of PGE, rare
minerals and sulfide of copper-sulfide ores from the Mayke ore occurrence with a discussion of the stages of mineral
formation is presented.

Keywords: REE, PGM, chemical composition of minerals, picrites, picrite diabases, carbonatites, Mayatas ore
region, Northern Ulytau, Kazakhstan.

The Karaturgay and Mayke types of ores are confined to the diabase-picritic Karaturgay complex
widely represented in the Karaturgay river basin and to the carbonatite complex, which is exposed on the
right bank of the Mayke river, within the Mayatas ore region [1, 2].

Detailed mineralogical studies using electron probe were conducted, to investigate mineral com-
position sulfide ores taking in mind that the knowledge of ore composition of ores and general characters
of precious metals (platinoids, rare and rare earth elements) occurrences can significantly affect the
economic value of the Karaturgay and Mayke ore occurrences.

Significant outcome of this studies is a discovery of accessory siegenite (Co,Ni);S4, platinum tellu-
ride - moncheite (Pt,Pd)(Te,Bi),, silver telluride - hessite Ag,Te, lead telluride - altaite PbTe, lead selenide
PbSe, solid solutions of metals of the iridium group (Ir, Os, Ru), REEs (Dy, Er, Y, Ce) (table 1), reported
for the first time from picrites of the Karaturgay complex, where they occur in association with previously
known sulfides (pyrrhotite, pentlandite and chalcopyrite). These sulfides form three mineral associations:
the first two occur in liquation droplets of rounded and elliptical shape; the third association forms drop-
lets of irregular, subangular shape. Platinoids in sulfides of copper and nickel are present only in sulfide
droplets of the first association, composed of pyrrhotite, chalcopyrite, pentlandite, and sphalerite. Sulfides
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from the two other associations do not contain platinoids. The second mineral association includes
pyrrhotite, chalcopyrite and sphalerite, while the third - pyrrhotite, chalcopyrite, sphalerite and pyrite. All
three mineralogical associations contain magnetite and are usually confined to the most differentiated
horizons of picrites and apopicrite olivinites [1, 2].

In general, the set of minerals in the form of sulfide droplets is characteristic for liquation-type ores;
however, there are some differences in composition. For example, pyrrhotite from the Karaturgay ore area
does not contain nickel and cobalt. Also there is no sperillite in ores associated with Karaturgay type
picrites. Palladium and selenium are extremely rare, but rare earth elements are widely represented. Plati-
num telluride in Karaturgay type ores is found in all main ore minerals (pentlandite, chalcopyrite and
pyrrhotite) of the first association, silver telluride - hessite is frequently found, but gold is absent. The
presence of lead selenide, iridium-arsenide and a high content of the yttrium group REEs is one of the
characteristic features of the Karaturgay type ores.

Zigenite (Co,Ni);S, and millerite NiS are found in picrite diabases in association with pentlandite,
pyrite, and galena. These minerals have not been previously recorded from rocks of the Karaturgay
complex. Characteristically, pentlandite is supersaturated with S, does not contain Co, and is poorly
enriched in Cr in relation to pentlandite of Kararatay type picrites.

A drill core through the vein up to 35 cm thick taken at the depth 100 m from the Mayke ore deposit
contains chalcopyrite (> 95%), violarite, pyrite, sphalerite, pyrrhotite, galena, cassiterite, as well siderite
and hematite. The main ore minerals recovered from carbonatites are chalcopyrite, violarite, pentlandite,
pyrrhotite, pyrite, and sphalerite.

Numerous mineral microinclusions identified in present study show unusual mineral associations not
previously documented in the region, including cobaltite-gersdorffite minerals with Pt, Ir, Rh, Ru, Os;
ullmannite NiSbS, silver telluride — hessite Ag,Te, lead telluride - altaite PbTe, sperrylite PtAs,, testibio-
palladite Pd(Sb,Bi)Te, native silver, acanthite Ag,S, melonite NiTe,, vavrinite Ni,SbTe,, REE-bearing
phosphates and fluorophosphates. A special group of micro-inclusions is formed by the rhenium minerals
first found in Kazakhstan (table 1).

Table 1 — Comparative characteristics of the mineral composition of picrites, picritic diabases and carbonatites from Ulytau

Magmatic group Carbonatite group
Liquation class Hydrothermal fluid magmatic carbonatite class
Picrites Alkaline picrites
Main ore minerals
Pyr- Pyrrhotite (FeS) Ccp- Chalcopyrite (CuFeS,)
PlIn- Pentlandite (Fe,Ni)oSg Vi- Violarite (Fe,Ni);S4+Er, Co
Vi- Violarite (Fe,Ni);S, Py- Pyrite (FeS,)
Ccp- Chalcopyrite (CuFeS,) Cp- Sphalerite (ZnS)
Cpl- Sphalerite (ZnS) Pyr- Pyrrhotite (FeS)
Mt- Magnetite (Fe**,Fe*")Fe**,0, Gn- Galena (PbS)
Microinclusions
Moncheite (Pt,Pd)(Te,Bi), Minerals of cobaltite-gersdorffite series
Hessite (Ag,Te) with Pt, Ir, Rh, Ru, Os
Lead selenide (PbSe) Cob- Cobaltite (CoAsS)

Altaite (PbTe) Ni- cobaltite NiCoAsS(Ru, Rh, Pt, Ir, Os)
(Ru,Ir)Os Fe- cobaltite (FeCoAsS)
(Ru,Ir),0s Gersdorffite (NiAsS)

(Pt,Bi),(Te,Ag);Mos Ull- ullmannite (NiSbS)
Arsenides: Silver telluride B-Ag,Te, y-Ag,Te
(Os,Ir)As Lead telluride (PbTe)
(Ir,Pt)As Sperrylite (PtAs,)
Oxides: titanohematite and manganoilmenite Tes-Testibiopalladite Pd(Sb,Bi)Te
Native Silver
Ac- Acanthite (Ag,S)
Mel- Melonite (NiTe,)
Vav-Vavrinite (Ni,SbTe,)
REE-bearing phosphates and fluorophosphates
Previously undescribed rhenium minerals
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The revealed crystals of cobaltine, apparently, belong to two generations. The first is single crystals
with heavy visible cores that fall into the plane of polished section or without visible cores, but with good
zoning due to variations of PGE (osmium, iridium and platinum) in the mineral composition. These
crystals were formed first and “sucked in” the platinoids from the ore magma. The ratio of platinoids
between them varies from analysis to analysis. The second generation is the crystal aggregates, which by
electron microprobe do not contain impurities. Analyzes of the chalcopyrite matrix in both cases also show

the absence of impurities.
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Stages of ore formation. From the sequence of formation of mineral phases and the analysis of the
isothermal sections of the condensed Fe—Ni—S system (figure 1) it can be concluded that formation of the
Karaturgay type sulfide copper-nickel mineralization apparently took place in several temperature
regimes.

(A) ) (B) S

1100°C 850°C

mss+Pln(h)+,

Fe Ni Fe Y+L +mss Ni

(€} (D)
s00’c s )

bn+iss+S(l)

bn+S(L)

Figure 1 — Isothermal sections of condensed Fe-Ni-S systems [3] at temperatures of 1000° C (A), 850° C (B), 250° C (D)
and Cu-Fe-S [4] at 600° C (C) for pyrrhotite (red rhombus), pentlandite (black mugs), chalcopyrite (black cross),
siegenite (black rhombus), and millerite (red dot) from picrites and picritic diabases of the Karaturgay complex. mss -
monosulfide solid solution; iss - intermediate solid solution; chalcopyrite (Chp); pentlandite (Pln); vaesite (Vs);
pyrrhotite (Pyr); pyrite (Py); violarite (Viol); millerite (Mill); melt (L)

It is well established that troilite crystallized at 1190°C (Figure 1 (A). When cooled, the sulfide
liquid, according to D. Ebel and A. Naldrett [5], becomes more saturated with Ni, which contributes to
crystallization high-temperature polymorphic pentlandite [6] (figure 1 (B)).

The presence of siegenite, as suggested by A. Frolov, A. Lapin, et al. [7], indicates a decrease in
temperature of the magma chamber below 806°C. Following acquired data on composition of the studied
sulfides and in agreement with conclusions of J. Craig and G. Kullerud [8], it can be inferred that the
liquid in equilibrium with mss at 850°C was enriched in Cu, but depleted in Ni relative to mss.

Taking into account the isothermal sections of the Cu—Fe—S system [4], it can be stated that the
intermediate solid solution (iss) is separated from the Cu-containing mss. With a decrease in temperature
(up to 400°C and less), iss supposedly decomposed into chalcopyrite-pyrrhotite mineral phases. The
presence of millerite in the Fe-Ni-S system (figure 1 (D)), in accordance with findings of Craig [9],
indicates that at 250°C mss divided into phases mssl and mss2 + millerite. It is not contradict the
conclusions made by K. Misra and M. Fleet [10] that at low temperature millerite and heazlewoodite
(which was not indicated in our samples) stably coexist.
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From the above discussion it can be concluded that formation of copper-nickel ores containing
platinum metal mineralization proceeded with a decrease in temperature from 1200 to 100-135°C.
Apparently, such a rapid decrease in temperature of the igneous melt could occur in hypabyssal con-
ditions. This assumption is supported by the presence of titanohematite in picrites. Although the presence
of iron in sphalerite, as well as the presence of altaite, does not contradict this.

The platinoids and REEs, which are identified in sulfides, substantially increase the industrial interest
in potential ores of the picrite-diabase Karaturgay complex. All these data indicate that the ore formation
of Cu-Ni-(PGE)-(REE) ores of the Karaturgay type occurred within the open magmatic system. Recent
studies [11] have shown that open igneous systems are favorable for the concentration of large amounts of
sulfides. It also gives hope that large masses of Cu-Ni-(PGM)-(REE) ores can be localized at the bottom
and in the root zones of the picrit-diabase Karaturgay complex.

It should be noted that the formation of rocks of the Karaturgay complex is apparently associated
with repeated pulses in the magma chamber, which can be linked to the compression processes during the
formation of the Rodinia supercontinent [12].

The formation of copper-sulfide ores and associated precious REEs and rare metals of the Mayke ore
area took place under conditions of igneous and post-magmatic processes of mineral formation in several
stages (figure 2).

A)  1200-1000°C B) <650°C C)  <540°C
Magmatic crystallization Exsolution of sulfides Late-magmatic!t_hydrothermal
activity
Not zoned . ) Intergromth of secondary
sulfarsenides Sperrylite Re-Mo - sulfides silicates with sulfides

Testibiclpalladite??solved or

I
Zoned PGE - sulfarsenides 4
crystallizes

D) Late-stage deformation/ hydrothermal E) Late-stage alteration near diabase dyke

Corrosion of activity
PGE-sulfarsenide

Figure 2 — Schematic model of the sequence of formation of PGE, rare minerals and sulfide of copper-sulfide ores
from the Mayke deposit, built on the basis of the materials of the article [13].
A. Early crystallization of small idiomorphic zonal PGE-sulfoarsenides and sperrylite from sulfide liquid and their fusion in MSS.
B. Evolution of sulfide minerals (pentlandite, pyrrhotite, chalcopyrite), including rhenium sulfide and molybdenite,
when cooled to a temperature below 650°C.

C. Late magmatic and/or hydrothermal activity and the subsequent recrystallization of sulfides of base metals with secondary
silicates simultaneously with the formation of testibiopalladite and Pb-Te-phases either as dissolution of sulfides of base metals,
or during crystallization from small volumes of trapped melt.

D. Demobilization of sulfides at a later stage in fracture zones and corrosion of existing PGE sulfoarsenides,
formation of acanthite on sphalerite and formation of REEs fluorophosphates and phosphates
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Copper-sulphide ores formed during the magmatic stage. They contain nickel and cobalt sulfoar-
senides, including Pt, Ir, Rh, Ru and Os-containing minerals. Likewise, platinum arsenide (sperrylite) is
found in chalcopyrite.

Tellurium antimonite (testibiopalladite), forming individual crystals, is found in both chalcopyrite
and Ni, Co-bearing sulfoarsenides. This mineral is the main source of palladium (up to 25% Pd).

Apparently, rhenium mineral formation also occurred at that stage. Their microinclusions are
associated mostly with chalcopyrite and extremely rarely with pyrite.

Ullmannite is extremely rare. It occurs in association with nickel and cobalt sulfoarsenides. This
mineral is characterized by a wide range of impurity elements, including Ag, Pd, Te, Bi, which is cha-
racteristic for mineral associations of hydrothermal deposits.

At this stage polymetallic mineralization was superimposed on copper-sulphide ores. Sphalerite is
commonly accompanied by the formation of acanthite and native silver. Late minerals are REEs phos-
phates and fluorophosphates.

The inferred sequence of formation of copper sulfides ores spatially and genetically associated with
linear-fissure carbonatites is indirectly supported by data on the isotopic composition of lead in pyrite-
polymetallic deposits of the Northern Ulytau, previously studied by Koshevoy [14].

The isotopic composition of lead from the deposits in this region indicates a complex multi-stage
formation history of sulphide ore deposits in the Kurgasy region, which involved mixing ancient anoma-
lous lead of the Proterozoic age with ordinary lead, which brought at the time of tectono-magmatic
activation in the Early Paleozoic.

It is likely that described formation pathways of carbonatite associated sulfide ore deposits are
characteristic for the mantle chambers are initially developed above the subduction zones. Their spatial
connection with the subduction zones is confirmed by the presence of NaCl in the initially plutonic
ultrabasic rocks.
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MASITAC KEH/I AYIAHbIHbIH KAPATOPFA# "KOHE MAMKE KEH/II TYPJIEPIHJEIT
ACBLT )KOHE CUPEK DJIEMEHT MUHEPAJIJIAPBI
(COJITYCTIK YJIBITAY, KA3BAKCTAH)

Annoranusi. Kapartoprail KellleHiHIH NUKPUTTEpiHAe OypblHHAH Oenriai cyabuarepMeH Oipre aiFail per
3UI€HUT, IUIaTHHA TEJUTyPHIl — MOHYEHT, KYMIC TEIypHIl — IeCCHT, KOPFAChIH TEIUIYPUAI — aJTauT, KOPFachlH
CeJISHH]I1, UPHJ TOOBIHBIH MeTangapbiHbIH KarTel epitinaiiepi (Ir, Os, Ru), cuperkepaenementrepi (Dy, Er, Y, Ce)
aHbIKTaAbl. [IMKpUTTI nuaba3nap/AblH KypaMblHAA NEHTIAHIWT JKOHE NHUPHUTIIEH Oipre anrail per OypbIHIapbl
KapaToprail KelIeHIHIH Tay)KbIHBICTAPBIHBIH KYPaMbIH/Ia CUIIATTaJIMaFaH 3UTCHUT ITeH MUJIJIEPUT aHBIKTa(bl. Maiike
KeHOUTiHIMIHAEe KapOOHAT KeH/i MUHepaiapblHaH 0elieKk KoOaIbsTHH- repcaopdur Karapeinaarsl Pt, Ir, Rh, Ru, Os;
YABMAHHT, KYMIC TEJUTypHII — T'eCCUT; KOPFAachblH TEJUIYPUAI — alITaWT, CIEPPHIINT; TECTUOMONAIIAINT; O31HIIK
KyMiC; aKaHTHUT; MEJIOHUT; BaBpUHHT; (ocdarrap xaHe CIKP dropdocharrapbiHbIH MUKpPOKOCIIa MHUHEpAIIaphl
aHBIKTaJIIbl. MHUKpPOKOCTIaHBIH epeKine TOObH Ka3akcTanaa anram pet TaObUIFaH peHui MUHEepagaphl Kypaiib.

Munepangs! ¢aszanapasiy 0emiHy pertitiri skoHe Fe-Ni-S koHIeHcanusmanFaH XYHEeHIH N30TepMUSUIBIK KIMa-
JapbIH Talaylbsl €CKepe OTHIPBII KapaToprail TYpAeri cynb(UATI MbIC-HUKEIb MHHEpaIIapbIHbIH TY3UTy Kafnai-
Japbl MEH TeMIepaTypalibIK PeXKUMAEpl KapacThIpbuIasl. MuHepan Ty3Uly Ke3eHAepiH Taakbuiail oTeIpsIn, Maiike
HiH CXEMaJbIK MOJIEN1 KeNTipiJIreH.

Tyiiin cesnep: CXD, IITM, MuHepangapIblH XUMHUSUIBIK KypaMbl, IIUKPUTTEP, MUKPUTTI nuaba3nap, kapoo-
HaTuTTep, Mastac keuai ayaansl, Contyctik ¥ibitay, Kasakcran.
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AnHoOTamms. B nmukpurax xaparypraiickoro KoMIUIEKCa Hapsjly ¢ paHee W3BECTHBIMHU CYIb(pHIaMH BIIEPBbIE 00OHAPYKEHBI
3UT€HHT, TEJUTyPH IUIAaTHHBI - MOHYEHT, TeJUIypHU] cepedpa - TeCCHT, TeJUTypH]] CBUHIA - aJTauT, CEJIeHH]] CBUHIA, TBEPIBIC pac-
TBOpPBI MeTaiuioB upuauesoit rpymmnsl (Ir, Os, Ru), penxozemensusie anements! (Dy, Er, Y, Ce). B cocraBe nukpuToBbIX anaba3on
HapsLy C NMEHTIAHANTOM, MUPUTOM M TAJICHUTOM BIIEPBBIE OOHAPY)KEHBI 3UTCHUT U MUJUICPUT, paHee HE OINHCAHHBIC B COCTaBe
MIOPOJ KapaTypraickoro koMiuiekca. B kapOonarutax pynonposiBineHuss Maiike BiepBble YCTaHOBIEH MEIHBII KOMYENaH, a TaKKe
MHKPOBKIJIIOUCHHUSI MHHEPaJIOB KobanbsTHH-repcaopdurosoro psaa ¢ Pt, Ir, Rh, Ru, Os; ynbmanuT; Teutypua cepebpa — reccur;
TeJUTypHJ, CBUHIA - ANTaWT, CHEPPIIINT; TECTHONONAUIAIUT; CaMOPOIHOE cepedpo; aKaHTHUT; MEIOHUT; BaBPUHUT; (ocdarsr u
dropdocdarsr P3D. Ocolyro rpymiry MUKPOBKIIOUECHHI 00pa3yIoT BIiepBhIe HaliieHHbIe B KazaxcTane MuHepabl peHus.

C y4eToM IOoCIIeIOBAaTENFHOCTH BEIJCIECHHS MUHEPATIbHBIX (ha3 U aHaIM3a M30TEPMUUECKUX CEUEeHHH KOHJCHCHPOBAHHOM
cucreMsl Fe-Ni-S paccMOTpeHbI TeMIepaTypHbIe PeXHUMBI H YCIOBUS 00pa30BaHMs CyJIb(QUIHON MEIHO-HUKEIEBOH MHUHEPaH-
3anuK Kaparypraiickoro tumna. IIpuBeneHa cxemaruueckas MoJelb rocienoBarenbHocTH popmupoBanust MIIT, penkux muHe-
pajIoB U cyIb(HI0B MEHOKOIYEIAaHHBIX PY /]I PyAOIpOsIBIeHHsT Malike ¢ 00CyKIeHHEM TalloB MUHEPaI000pa3oBaHusl.

Knrouesbie cioBa: P35, MIII, xumuyeckuil cocTaB MUHEPAIOB, MUKPUTHI, MIUKPUTOBBIE A1aba3bl, KapOOHAaTUTHI, MasTac-
ckuil pyaublii paiion, CeBepHblii YibiTay, Kazaxcran
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