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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);S,, 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 arca
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)ySg Vi- Violarite (Fe Ni)S,+Er, Co
Vi- Violarite (Fe.Ni);Sy 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 Gersdortfite (NiAsS)

(Pt.Bi)y(Te,Ag)sMos Ull- ullmannite (NiSbS)
Arsenides: Silver telluride f-Ag,Te, y-Ag,Te
(0s.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.
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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 thombus), 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, ef 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
arca 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)  <5400C
Magmatic crystallization Exsolution of sulfides Late-magmatic!t_hydrothermal
activity
Not zoned . ) Intergromth of secondary
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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, rthenium 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 KEHJII AVIAHBIHBIH KAPATOPFAM 'KOHE MAVMKE KEH/AI TYPTEPTHAET'T
ACBLI KOHE CHPEK DJIEMEHT MUHEPAJIJIAPEI
(COJTYCTIK YJBITAY, KASAKCTAH)

Annoramus. Kapatoprali KCIICHIHIH MHKPHTTEpiHAC OYpPHIHHAH OCNTimi CyasQuATCPMCH Oipre amFam per
3UTCHHT, IIATHHA TEIUTYPHAI — MOHYEHT, KYMIC TEIUTYPHII — TE€CCHUT, KOPFACBHIH TEIUIyPHIlI — alTaWT, KOPFAaChIH
CeJICHHI, MPH TOOBIHBIH METATIApBIHBIH KarTel epitiaainepi (Ir, Os, Ru), cuperskeprenemenrrepi (Dy, Er, Y, Ce)
aHbIkTanapl. [IukpurTi Ouaba3mapablH KypaMblHAA HCHTIAHAMT SKOHEC HMHPHTICH Oipre amFam per OyphIHAApHI
Kaparoprail KCIICHIHIH Tay KXbIHBICTAPBIHBIH KYPAMBIH/IA CHIIATTAIMAFAH 3UTCHUT TICH MIJIJICPHUT AHBIKTAIAbI. Maiike
KCHOUTHIMIHAC KAapOOHAT KCHI MHHCPAAAPBIHAH 06JICK Ko0amsTHH- Tepcaopdur xkarapsmaarsl Pt, Ir, Rh, Ru, Os;
VIBMAHHUT, KYMIC TCUIYPHAI — TCCCHT, KOPFACHIH TCIUIYPHAlI — ANTaWT, CICPPIIHUT, TCCTHOHOMAILIATUT, ©3iHIIK
KYMIC, aKaHTHUT; MEIOHUT; BaBpuHHT, (ocparrap xoHe CXKP (ropdocdarrapslHbIH MHKPOKOCTIA MHHEPAIAAPHI
AHBIKTATIIBI. MUKPOKOCTIAHBIH epeknie TOOBH Ka3zakcTanaa anFarm per TaObUTFaH PSHIA MUHCPAIIAPH Kypa bl

Mumnepanzs! pazanapasiy 6emiHy pertiniri skone Fe-Ni-S koHmeHcanusmanraH KYHESHIH W30 TCPMISIIBIK, KUMa-
JApBIH TaNJayabl €CKEPE OTBIPBIN KAPATOPFail TYpAeri CyIb(HATI MBIC-HHKEIb MUHEPAJIIAPBIHBIH TY3IIy KaF¥maii-
JApBI MCH TCMIICPATYPANBIK PCKUMACPI KapaCTHIPEUIABL. MHUHEpAI TY3UIy Ke3CHACPIH TANKBUIAN OTHIPHI, Maike
HiH CXCMAJIBIK MOJCTI KCATIPLITCH.

Tyiiin cesznep: CXO3, [TTM, MuHEpaTIapasIH XUMISUIBIK KypaMbl, THKPHTTEP, MUKPUTTI auadas3map, kapoo-
HatutTep, Masrac kenai ayaansl, Conryctik ¥ueiray, Kazakcras.
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_ MAHEPAJIbI BJIATOPOHBIX Y PETKUX 3JIEMEHTOB B PYIAX KABJATYPFAFICKOFO n
MAMKEHUCKOI'O TUIIOB MAATACCKOI'O PYIHOI'O PAHOHA (CEBEPHDBIU VYJIBITAY, KAZAXCTAH)

AnHoTanus. B rukpuTtax KapaTyprafickoro KoMIUIeKca Hapsyly ¢ paHee U3BECTHBIMHU CYIb(U/IaMU BIIEPBbIE 0OHAPYKEHBI
3WUTEHUT, TEIUTYPU/] IUIATHHBI - MOHYEHT, TEILTYPHJL cepebpa - TECCHT, TeJLTYPU/l CBUHIA - aITauT, CEIeHU/l CBUHIIA, TBEP/IBIE pac-
TBOPBL MeTaTOB upuueBoi rpyrmbl (Ir, Os, Ru), penxozemensHbie aneMeHTH (Dy, Er, Y, Ce). B cocraBe IMKpUTOBBIX J1aba30B
HapsyTy ¢ IEeHTIaHUTOM, IIMPUTOM U TaJIEHUTOM BIIEpBBIe OOHApY>KEHbI 3UTEHUT U MIJUIEPUT, PaHee HE OIMCaHHBIE B COCTaBe
TIOPOJT KapaTyprafickoro KoMiniekca. B kapOoHaTUTaX pyIoIposBieHus] Matike BIIEpBBIE YCTaHOBIICH MEJTHBIM KOTUe/[aH, a Takke
MHKPOBKITIOUSHISI MUHEPATIOB koGamsTHH-TepcaopdutoBoro psaia ¢ Pt, Ir, Rh, Ru, Os; ymbMmanuT, Temmypua cepebpa — TeccuT,
TEIUTyPHJ] CBUHIIA - alTauT, CIIEPPUIIUT, TECTUOUOTIAIIAIUT, CaMOPOIHOE cepebpo; aKaHTUT, MENOHUT, BaBPUHUT; docdaTsl U
¢dropdocdater P3D. Ocobyio rpyIiry MEUKpPOBKIIOUEHH 06pa3yIoT BIIepBhIe HaliieHHble B Ka3axcTaHe MUHEPaThl PeHIs.

C yueToM IOCTIeI0BaTeIbHOCTH BBIICNICHNST MUHEPATBLHBIX (a3 U aHali3a U30TePMIUECKUX CEUCHUN KOH/IEHCHPOBAHHOMH
cucteMbl Fe-Ni-S paccMOTpeHbI TeMIlepaTypHbIe PeKUMBI U YCIOBHSL 00pa30BaHUs CyJIbOUTHON MeTHO-HUKENEeBOH MUHEpa-
3aImM Kaparypraiickoro Tuiia. lIpuBeneHa cxemarmdeckasi MOJIENb IoclefoBaTebHocTH popmupopanust MIIT, peakux muHe-
paitoB u cyIb(GHUI0B METHOKOIUEAHHBIX PY/I Py JoIposiBieHus Maiike ¢ o0cy KIeHIHEM 3TalloB MUHEPaIo0Opa30BaHusL.

KuroueBble cioa: P32, MIIT, xuMudeckuii coCcTaB MUHEPAIOB, IIMKPUTHL, IIMKPUTOBBIE JMada3bl, KapOOHATUTHI, Masitac-
CKUI py bl patioH, CeBepHbIii YibITay, Kasaxctan
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