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Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
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of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.
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V.G. Stepanets’, V.L. Levin?, K.S. Togizov*’, I.Yu. Silachyov?®, D.A. Zheltov?

'Astra Mining Kazakhstan, London, UK;
“Institute of Geological sciences named after K.I. Satpayev,
Almaty, Kazakhstan;

’RSE «Institute of Nuclear Physics», Almaty, Kazakhstan.
E-malil: k.togizov@satbayev.university

NEW DATA ON THE MINERALOGY OF SUPRA-SUBDUCTION
OPHIOLITES OF THE TEKTURMAS MOUNTAINS (CENTRAL
KAZAKHSTAN)

Abstract. The article is devoted to one of the typical problems of the geology
of plutonic ophiolites of Central Kazakhstan. For the first time, mineralogical
and geochemical studies of peridotites of the Tekturmas mountains have
been carried out using precision methods of analysis, which gave grounds to
substantiate their supra-subduction environment of formation. The electron-
probe method showed that peridotite chips, obtained from heavy mineral
concentrate (earlier, source of zircon), contain orthopyroxene, olivine-chrome
spinel and olivine-magnetite aggregates, which allowed not only to determine
the chemical composition of the minerals but also to calculate such important
parameters of chrome spinel as Cr-number (Cr#), Mg-number (Mg#) and iron
oxidation level (Fe*#=Fe"/(Fe"*/Fe*?)). Chromospinelides in peridotites are in
their majority related to subferrialumochromite (Cr#=0.63-0.75, Mg#=0.23-
0.33, Fe"#=0.222-0.333), rarely to alumochromite (Cr#=0.54-0.69, Mg#=0.27-
0.46, Fe™#=0.165-0.279); extremely rare are ferrialumochromite (Cr#=0.64-
0.76, Mg#=0.16-0.24, Fe"#=0.394-0.434), ferrichromite (Cr#=0.78, Mg#=0.29,
Fe"#=0.248) and chromite (Cr#=0.85, Mg#=0.26, Fe"#=0.174). Secondary
magnetite contains impurities of NiO =0.01-0.28 wt%, Cr,0,=0.10-0.21 wt%
typical for chromespinelides, which it replaces. The primary magnetite does
not contain such impurities. Along with the presence of polyform chromite in
the pre-arc peridotites, extensive development of secondary magnetite masses
was identified. The secondary nature of the harzburgites was established based
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on the presence of secondary orthopyroxene in the dunite. They contain high-
magnesium olivine (F0=90.25-92.47), high-magnesium orthopyroxene (En=89-
91) and have low concentrations of CaO (0.01-0.50 wt%), Al O, (0.35-2.47 wt%)
and high-chromium chromespinelides, which is typical for pre-arc peridotites
of supra-subduction zones. This is not contradicted by high concentrations
of REE harzburgites, reflecting their high degree of refertilisation (secondary
enrichment) resulting from the melt-rock interactions.

Key words: serpentinite, olivine, chromite, forearc peridotites, Tekturmas,
Central Kazakhstan.

B.I. Crenanen’, B.JI. Jlesun?, K.C. Torbi3oB*", U.JO. Cuiauen’,
J.A Kearos®

'Astra Mining Kazakhstan, London, UK;
2K.H. CorbaeB aThIHAAFbI T€0IOTHSIIBIK, FHUIBIMIAP HHCTUTYTHI,
Anmarsl, Kazakcran;
3SInposbIK u3MKa HHCTUTYThI, Amathl, KazakcraH.
E-malil: k.togizov@satbayev.university

TEKTYPMAC TAYJIAPBIHBIH CYBAYKIMS YCTLIIK
O®HNOJIMTTEPTHIH MUHEPAJIOTHUSICHI TYPAJIBI J)KAHA
MOJIIMETTEP (OPTAJBIK KABAKCTAH)

AHHoTanus. Makana e3ekti Macenenepain 0ipi — Optanblk KazakcTaHHBIH
IUTYyTOH/BIK O(HOIUTTEp IeOJOrUsAChIHA apHaJIFaH. AJFall peT capanTayblH
TN QNICTepiH KOJAAaHy apKbUIbl TekTypmac TaylaapblHBIH NEPUAOTHTTEPIHE
MUHEPAIOTUAJIBIK KOHE I€OXUMUSUIBIK 3€pTTeysep Kypriziiaai, Oy olapabiH
CyOIMYKIHMS YCTUTIK TY3UTy JKaFJaiibIH ToNIeN Il TYCiHaipyre Heri3 6onasl. Bypsin
ANIEKTPOH/IbI 30H]I JICIMEH 3€pTTENIreH KOHLEHTPATTaH LHUPKOH, MEPUAOTUT
CBIHBIKTApBI OOIIHIN aJbIHFAH, OHBIH KYpaMBIHIA OPTOIMPOKCEH-, OJMBHH-
XPOM-IIITIUHEINb, OJUBHUH-MArHEeTUT OCIHIIEepl 00nabl, Oy MHUHEpalIapIbH
XUMHUSJIBIK KYPaMbIH aHBIKTall KaHa KoOHMal, COHBIMEH Karap XpOM-
IMIMUHETBACPAIH MaHBI3ABl TapaMeTpliepiH ecemnTeyre MYMKIHTIK Oepmi:
xpom Kypambl (Cr#=Cr/(Cr+Al)), marnmii memmepi (Mg#=Mg/(Mg+Fe)
xoHe TeMipaiH ToTeiFybl (Fet+3)#=Fe+3/(Fe+3/Fe+2)). Ilepunoturrepain
XpOMIINUHENbAEP] K6biHe cyddeppuamomuHoxpomutke xaraabl (Cr#=0,63-
0,75, Mg#=0,23-0,33, Fe+3#=0,222-0,333), cupexk aJlOMHUHOXPOMHUTTEpPTre
xaraasl. (Cr#=0,54-0,69, Mg#=0,27-0,46, Fe +3#=0,165-0,279), eTe cupex
dbeppuamromunoxpomut (Cr#=0,64-0,76, Mg#=0,16-0,24, Fe+3#=0,394- 0,434),
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dbeppuxpomur (Cr#=0,78, Mg#=0,29, Fe+3#=0,248) xone xpomut (Cr#=0,85,
Mg#=0,26, Fe+3#=0,174) ke3neceni. ExiHm MarHeTUTTE O aJMaCTBIPATHIH
xpom nmuHenbaepre toH Ni0=0,01-0,28 %mac., Cr,0,=0,10-0,21 %mac.,
Kocnanap Oap. bipinmi marHeTutTre MyHIai Kocmamap »kok. Jlorara nmewiHri
MEPUIOTHTTEP/IIH KYpPaMbIHIA MOIU(OPMIBI XPOMUTTEPIIH OOTyBIMEH Karap,
€KIHIIIl MarHEeTUT MacCalapbIHBIH KeH JAaMybl aHBIKTaJAbl. JIlyHUT KypaMbIHIa
€KIHIII1 OPTONUPOKCEH OOy BIHBIH HET131H/1€ rapliOypruTTepAiH €KiHIII1 TaOUFaThl
aHbpIKTangbl. OnapablH KypamblHaa sxorapbl Mg# onuBun (F0=90,25-92,47),
xorapsl Mg# opronupokcer (En=89-91), temen konnenTpanusiisl CaO (. 0,01-
0,50 %mac), ALO, (0,35-2,47 mac.%), KOFapbl XpOMJIbI XPOMILUIIUHEbAEDI,
Oyl cyOmyKuMs YCTUTIK OenaemaepAeri JoFara NEHiHT1 MepUAOTUTTEpre ToH.
Oran TapuOyprurrepae >KOFapbl WIOFBIPJIAHFAH CHPEK JKEpil 3JIEMEHTTEp
KaWIIbl KeIMEW/ i, 071 0alKbIMa MEH Tay *KBIHBICTAPBIHBIH ©3apa opeKeTTecyiHe
OailTaHBICTBI  OHBIH  JKOFaphl JIEHTreiae pedepTunu3anusachiH  (eKiHII
OalBITBUTYbIH) KOPCETEI.

Tyiiin ce3aep: CEpIIEHTUHUT, OJIMBUH, XPOMUT, JOFaFra JCHIHT1 MEPUIOTHT,
Texrypmac, Opransik Kazakcran.

B.I'. Crenanen, B.JI. Jlepun?, K.C. Toruzos*’, U.}0. Cuiaues?,
J.A Kearos®

'Astra Mining Kazakhstan, London, UK;
*MuctutyT reonorndyeckux Hayk um. K.M. CarnaeBa, Anmarsi, Kazaxcras:
> UuctutyT simepHoit pusukw, yi. yin. Moparumosa 1, Anmarsr, KazaxcraH.
E-malil: k.togizov@satbayev.university

HOBBIE JAHHBIE 11O MUHEPAJIOT'HA HAACYBAYKIHNOHHbIX
O®UOJIUTOB I'OP TEKTYPMAC (IIEHTPAJIBHBIN KA3AXCTAH)

AnHoramusi. Crarhsi TIOCBAIEHA OJHOW W3 aKTyaIbHBIX MPOOIEM
reoyioruu TIyToHU4eckux oduonuroB LlenTpansHoro Kazaxcrana. Bmepseie
MPEIU3UOHHBIMI METOJJaMH aHaji3a BBIIOJHEHbl MUHEPAJIOTUYECKUE MU
FEOXUMHUYECKHE UCCIIeI0OBaHUS TNepUIoTUTOB TOp Tekrypmac, 4ro Jano
OCHOBaHHE apryMEHTUPOBAHO 000CHOBATH UX HAACYOYKIIMOHHYIO OOCTaHOBKY
dbopmupoBanus. M3 numxa, B KOTOPOM paHee ObUT BBIIEIEH IUPKOH, CKOJKH
NEePUAOTUTOB, HU3YUYECHHBIE 3JIEKTPOHHO30HJIOBBIM METOJOM, COAEpKalu
OPTOIMHUPOKCEH-, OJTMBUH-XPOMIINUHEINEBbIE, OTMBUH-MarHeTUTOBBIE CPOCTKH,
YTO MO3BOJIMJIO HE TOJBKO ONPEACIUTh XMMUUYECKUN COCTAB ATUX MUHEPAJIOB, HO
Y pacCYUTATh TaKKe BaXKHBIE TApaMETPhl XPOMILTTUHEINUIOB, KaK: XPOMUCTOCTh
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(Cr#=Cr/(Cr+Al)), marnesmansHocth (Mg#=Mg/(Mg+Fe) u okucieHHOCTb
xkene3a (Fet3#=Fe+3/(Fe+3/Fe+2)). XpoMmmmuHENUIbl TEPUIAOTUTOB B
cBOeM OONBIIMHCTBE OTHOCATCS K cyodeppuamomoxpomuty (Cr#=0.63-0.75,
Mg#=0.23-0.33, Fe+3#=0.222-0.333), pexe amomoxpomuty (Cr#=0.54-
0.69, Mg#=0.27-0.46, Fe+3#=0.165-0.279), xkpaiiHe penko BCTpedaeTcs
¢deppuamomoxpoMut (Cr#=0.64-0.76, Mg#=0.16-0.24, Fe+3#=0.394-0.434),
¢deppuxpomur (Cr#=0.78, Mg#=0.29, Fe+3#=0.248) u xpomut (Cr#=0.85,
Mg#=0.26,Fe+3#=0.174). Bropuunsiii MaraeTut conepxut npumecu NiO=0.01-
0.28 mac. %, Cr,0,=0.10-0.21 mac. %, THIIHYHbIE JUIS XPOMIITTHHETH OB, KOTOPBIC
OH 3aMernaer. [lepBUYHbBIM MarHeTUT TaKux MpuMecen He coaepkuT. Hapsay ¢
MIPUCYTCTBUEM MOAU(DOPMHBIX XPOMUTOB B COCTABE MPEIAYTOBBIX IEPUIOTUTOB
YCTAHOBJICHO IIMPOKOE Pa3BUTHE MACC BTOPUYHOTO MarHETUTAa. YCTAaHOBJICHA
BTOPUYHAS MPUPOAA TapuOypruTOB HA OCHOBAHWUHU MPHUCYTCTBUS BTOPHUYHOTO
opronupokceHnaB nyHute. Onu copepsxarBbicoko-Mg#onuBuH (F0=90.25-92.47),
BbICOKO- Mg# opronupokceH (En=89-91), nuskue xonuenrpanuu CaO (0.01-
0.50 mac%), Al,O, (0.35-2.47 mac%), BBICOKOXPOMHCTBIE XPOMIUTUHEIUIBL,
9TO XapaKTepPHO Ui TPEIIYTOBBIX MEPUIAOTHTOB HAACYONyKIIMOHHBIX 30H.
OTOMYy HE HpOTHBOpEYaT BBICOKHME KOHLEHTpauuu P3D rapubypruron, yTo
OTpakaeT UX BBICOKYIO CTeNeHb pedepTunnzauun (BTOpUYHOro 00OTaleHMs ),
00yCIIOBIIEHHOTO B3aMMOJICHCTBHEM PACILIAaBA U MTOPO/IBI.

KiroueBble c/10Ba: CEprEHTUHUTHI, OJMBHUH, XPOMHTBI, NPEAIyTrOBbIC
nepunotutsl, Tekrypmac, LlentpansHbiil Kazaxcran.

Introduction. The Urtynzhal gold-copper occurrence is part of the Tekturmas
subduction-accretionary (TSA) complex, which is exposed about 45 km south of
Karaganda (fig. 1). It is one of the fragments of supra-subduction ophiolites in
Central Kazakhstan, which are incorporated into the cover-fold structures of the
western part of the Central Asian Orogenic belt. Ophiolites of the TSA complex
are exposed along the northwestern margin of the Zhongar-Balkhash folded
system. They are traced for 350 km along with the sub-latitudinal branch of the
Devonian volcanic-plutonic belt (fig. 1A).

The outline of formation, structural features, age, and geotectonic position of
constituent parts of ophiolites within this area have been repeatedly discussed in
publications of Soviet, later Russian, and Kazakh geologists (Antonyuk, et al.,
2021).

222



ISSN 2224-5278 5.2022

Poccna

Kiil:lﬂmm‘"m

MeHranua|

2 m o
NO - [V] - [« s [ e
S BB LOe2

o ] e ) e R s RER O BT

» ”—éﬁ‘@ ”~
Wos G
Y

[
u

Figure 1 (A) Geodynamic diagram of the Devonian active continental margin
(Stepanets, 2016):

1 - Mesozoic cover (J); 2 — siliciclastic and carbonate marine deposits (D,-C,); 3 - Devonian volcanic-
plutonic belt (D, -,), 4-5 - formations of forearc Nura-Karasor basin: 4 — volcano-sedimentary deposits
(O,-D,); 5 - Baidaulet active continental margin (O,-,); 6 - accretionary prism; 7-8 - deposits of
Zhaman-SarySu marginal sea: 7 - turbidite formations of Atasu zone, 8 - siliciclastic flysch; 9 - mid-
Devonian granodiorites; 10 - mid-Carboniferous granitoids; 11 - rhyolites and rhyodacites of Uspensk
intracontinental rift;12 - Karaganda thrust; 13 - Tekturmas thrust; 14 - buckling zone; 15 - faults; 16
- geographical locations: 1 - Satybai city, 2 - Aktasty city, 3 - Zhaman-Imanak city, 4 - Arkalyk city, 5 —
Tort-Aul valley, 6 - Nurcheken town, 7 — Sarykul-Baldi town.

(B) Schematic geological map of Krasnaya Polyana segment of the Tekturmas
accretionary prism after N.A. Gerasimova, M.Z. Novikova, L.L. Herman and
author’s personal observations (1987-1990, unpublished):

1 - green-coloured siliciclastic rocks of Yermek Formation (lower
Silurian) of Nura-Karasor forearc trough; 2 - presumably Upper Ordovician
green-coloured siliciclastic rocks with extended olistoplacs of cherts; 3 -
Silurian siliciclastic deposits of Sary-Su marginal sea; 4 - olistostromes of
Sarytau Formation (O,-S,); 5 — volcano-sedimentary Bazarbai Formation
(Ogsa'-S)) 6 — basalt volcanic rocks of Kuzek Formation (O,sal), with
diabase, keratophyre and stratified gabbro-plagiogranite complex at the base;
7 - Tekturmas silicites (O,da,-O,sa); 8 - Duan-Kora basalts (0,da’-O sa); 9 —
Karamurun basalts (O,da’); 10 - serpentinite melange 11 - thrust; 12 - tectonic
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faults; 13 — boundaries of rock units and boundaries separating allochthons of
serpentinites, basalts and silicites; 14 - diorites and gabbro-diorites (C,-,); 15 -
bedding elements; 16 — geographical sites (1 - Duan-Kora town, 2 - Tekturmas
Mountains (49°16°N, 73°20E)), 3 — Tort-Aul valley. Coordinates (49°20°29°N;
73°32°46”E) of the U-1 well drilled at the Urtynzhal site.

Two independent tectonic structures are recognised within the TSA complex:
(1) the Bazarbai parautochthon with a complete succession of forearc ophiolites
in the north, and (2) a polymictic serpentinite melange exposed in the central part,
thrusted by terrigenous deposits of the Zhaman-Sary-Su trough from the south
(fig. 1B). The polymictic serpentinite melange, as well as the tectonic cover of
Karamurun (O,dw?) and Duan-Kora (O,dw*-Osa) basalts and Tekturmas jaspers
(0,dw’-0,sa), are connected to Sarytau olistostromes (O,-S,), which builds up
sections of the Zhaman-Sary-Su terrigenous trough.

The polymictic serpentinite melanges have been studied systematically
within the Krasnaya Polyana segment (fig. 1B), where it is cropping out in the
vicinity of Sarytau, Karamurun, Tekturmas, Duan-Kora, Kosdongal, Ayir and
Tort-Aul valley. It is exposed as extended linear melange zones, lenses and
folded serpentinite protrusions. Blocks of variable size and boudins of dunites,
spinel and plagioclase lherzolites and veined clinopyroxenites are integrated
into apoharzburgitic serpentinites, forming the melange base. There are also
ramified bodies of dolerites, gabbro-dolerites, gabbro, gabbro-amphibolites and
rodingitized rocks.

Along with rocks of the gabbro-peridotite complex, blocks of gneisses,
quartzites, basalts, jaspers and fragments of rocks of the olistostromic complex
occur in the serpentinite melange in the Tort-Aul valley. In the northern foothills
of the Tekturmas Ridge, extended blocks of plagiogranites, syenites, migmatites
and plagiogranite gneisses, amphibolites with bluish-green hornblende, syenite-
gneisses with garnet are recorded; also blocks of amphibolites in paragenesis
with marbleized limestone, containing oncolite-like structures, and ferruginous
quartzites are known.

In the southern Sarytau Ridge and to the south of Pozharishche, podiform bodies of
chromites are found in serpentinites. One of the characteristic features of serpentinite
composition of TSA complex is the presence of accessory microdiamond, moissanite,
zircon, baddeleyite and corundum grains (Antonyuk, et al., 2021).

The age of volcanogenic and sedimentary members of ophiolitic associations
of the Tekturmas subduction-accretionary complex is reliably dated by conodonts
(Novikova et al., 1991). In contrast, the age and geological position ophiolite
plutonic rocks of ophiolites are not reliably determined and have been actively
discussed in recent years (Stepanets, 2016a, b; Khassen et al., 2020). Only
recently U-Pb zircon dating (467+3 Ma) was obtained for the plutonic rocks in
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ophiolites of the TSA complex (Antonyuk, etal., 2021). However, it is not helpful
in the determination of the geodynamic setting of the zircon-bearing ultramafic
rocks, which remains controversial. In order to solve the issue, additional studies
were carried out on geochemistry of peridotites, chemical composition of rock-
forming and accessory minerals in peridotites of the Urtynzhal site.

Geological structure of the ore occurrence. The Urtynzhal ore field site is located
on the left bank of the Kyzyl-Koi River (Antonyuk, et al., 2021) near the north-
eastern margin of the Krasnaya Polyana sector (Fig. 1B). Apoharzburgite and
apodunite serpentinites exposed within the ore field are over thrusted by blocks of
gabbro-amphibolites and amphibolitized gabbro. Tectonic breccias with gold-copper
mineralization have been documented at the contact zone between amphibolites
and ultramafic rocks. The entire rock complex is penetrated by zones of Au-Cu
mineralization. Nickel and copper sulphides occur occasionally in ultramafic rocks.
Also, two thin lamprophyre dikes were documented within the ore field area.

Petrography and mineralogy. According to Yu.A. Nuzhnykh, the nodular-
stained and in some areas nodular-striped apoharzburgitic and apodunitic
serpentinites without clear boundaries contain nests and phenocrysts of
magnetite (5-10%), chrome spinel (1-3%) and, rarely, nickel sulfides. We have
additionally identified chalcocite, galena and zircon. Magnetite is irregularly
distributed in the rock, has rounded and hypidiomorphic crystals, but most often
forms xenomorphic clusters along the cleavage and in the spaces between grains
of serpentinized olivine. Chromospinel forms sparse and scattered phenocrysts
of hypidiomorphic and xenomorphic grains ranging from 0.05 to 0.5 mm.
Chromospinel grains are often peripherally grown with chromomagnetite;
rarely, chromospinel contains small inclusions of serpentinized olivine, and
occasionally fresh olivine. Small grains of pentlandite and chislevudite occur in
the rims and micro veins of chromomagnetite. Pentlandite and Millerite, which
develop on it, form xenomorphic grains, less often tabular crystals, but they
are usually found as thin clusters along orthopyroxene cleavage planes. Zircon
is represented by transparent and semi-transparent colourless sub-idiomorphic
crystals of short-prismatic and isometric habitus and their fragments. The size of
the crystals varies from 60 to 200 pm. Most of the grains have well-expressed
magmatic zoning. Elements of sectorial structure are observed in some crystals
(Antonyuk, et al., 2021).

Research methodology and the material. In total, 45 crystal aggregates from
serpentinized spinel peridotites were investigated, and only ten grains of olivine
and four grains of orthopyroxene were suitable for petrochemical analysis. All
oxides are given in wt%. The chemical composition of chrome spinel, olivine
and orthopyroxene was converted into cationic one based on 32, 6 and 4 oxygen
atoms, respectively. The ratio of divalent and trivalent iron was calculated based
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on stoichiometry. Due to the high degree of serpentinization of harzburgites,
the diffractometric X-ray analysis was performed. The instrumental neutron
activation (INAA), the energy dispersive X-ray fluorescence analyses (XRF), as
well as inductively coupled plasma mass spectrometry (ICP-MS) were carried
out on the same samples.

Results. Mineralogical composition of harzburgites. According to the results
of semi-quantitative X-ray diffraction analysis, serpentinite consists of (%):
enstatite (49.4), olivine (21.2), monticellite (12.9), lizardite (6.9), hematite (3.2),
nickel chromite (2.4), magnetite (2.2), and chlorite (1.6), X 99.8%.

Rock-forming minerals. Olivine. Significant quantity of olivine grains was
affected by serpentinization. Relatively fresh olivine grains, the oxide sum of which
varies from 98.31 to 101.81 wt%, are scarce. Olivine is consistently enriched in NiO
(0.40-0.62 wt%). The Cr,O, content in olivine varies from 0.0 to 0.26 wt%. The
presence of Cr,0, is usually associated with micro-inclusions of chromospinelides.
The forsterite content varies in a narrow range from 89.36 to 93.32 wt%.

Orthopyroxene. Rare orthopyroxene grains are mainly represented by enstatite
(En 90.82-93.32; Fs 6.68-8.83) with Mg#=91.1-93.3. The ALO, and Cr,O,
concentrations vary from 0.39 to 0.83 wt% and from 0.26 to 0.38 wt%, respectively;
NiO=0.21 wt% and Ca0=0.13-0.21 wt% are observed less frequently.

The accessory minerals of the spinel group

Chromospinelides. Chromospinelides in peridotites of the Urtynzhal site
mostly belong to sub-ferrialuminochromite, less often to aluminochromite;
extremely rare are ferrialuminochromite, ferrichromite and chromite.

100 pym

Figure 2. The image in back-scattered electrons of slide parts of spinel and olivine
aggregates:
ol - olivine, crt - alumochromite, fchr - ferrialuminochromite, sfachr - sub-
ferrialuminochromite, mt - magnetite, chrm - chrome magnetite
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The chromium and magnesium content in the chromespinelides varies within
narrow limits (Cr#=0.54-0.85; Mg#=0.23-0.46), while the (Fe./(Fe +Fe))) degree
of oxidation varies in a wide range (0.165-0.519). The isomorphic impurities in
chromespinelides vary in a wide range (wt%): (MnO=0-00-0.64-0.88; V,0,=0.00-
0.12-0.72; Zn0=0.00-0.117-0.60; NiO=0.00-0.05-0.56). The isomorphic impurity
TiO, in chromespinelides, olivine and orthopyroxene, are below the analysis’s
detection limit. All chromespinelides contain an admixture of V,O.. Two groups
can be distinguished by combining isomorphic admixtures: the first (V,O,, NiO +
Zn0) is observed in sub-ferrialuminochromite and sub-ferrichromite; the second
(MnO, V,0,) is typical for ferrialuminochromite and chromite. The highest level
of MgO concentrations (8.63-11.70 wt%) is observed in aluminochromite, but
it does not contain MnO, CaO, NiO admixtures, and the V,O, admixture is low
(0.12-0.38 wt%) and inconstant. The highest concentrations of V,O, (0.35-0.73
wt%) and MnO (0.72-0.76 wt%) admixtures are in ferrialuminochromite relatively
to other chromespinelides. The highest chromium content (Cr#=0.85) belongs to
chromite at low Mg# (0.26), chromomagnetite also has high Cr# (0.84), but with
extremely low Mg#= (0.05), which seem to be a product of partial replacement by
secondary magnetite (Fig.2D) by subferrialumochromite.

Magnetite. Two generations of magnetite were identified. Magnetite of an
earlier generation (magmatic) is rare and forms crystals of regular shape (Fig.
2C). Its impurity elements are limited to MnO (0.56 wt%) and MgO (0.83 wt%).
The porosity of early-generation magnetite is relatively small and reaches 4.0%.
Late-generation (secondary) magnetite is predominant. It forms rims around the
subferrialumochromite, or occurs as micrograins dispersed around (Fig. 2D).
Late-generation magnetite is characterized by constant presence of impurity MgO
(0.40-1.02 wt%), Cr,0, (0.10-0.24 wt%), NiO (0.01-0.28 wt%). The presence
of Cr and Ni impurities in the secondary magnetite indicates its formation by
substituting chromium spinelide. A high Fe /Fe, ratio (0.514-0.540) is typical
for the late generation magnetite. The formation of magnetite is reflected in the
decrease of the Fe**/Fe’” ratio.

Sulphides. Previously detected nickel sulphides in peridotites of the Urtynzhal site
are not found in the schlich. However, one grain of chalcosine (Cu,S) and four grains
of galena (PbS) are present. They fill voids or cracks in olivine and chromospinel.

Geochemical composition of harzburgites. Geochemical features of the
harzburgite composition were determined with the help of a set of nuclear-
physics analytical methods, including EDRFA and INAA and ICP-MS.

The complete spectrum of rare-earth elements is for the first time determined
in harzburgites Urtynzhal ore deposits. The total LREE=7.544-14.12 content is
higher than HREE=1.581-3.22. This value considerably exceeds the REE content
in depletive peridotites of supra-subduction complexes (Pearce et al., 2000).

The geochemical peculiarity of harzburgites is the extremely high Pb
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concentrations (<13990 ppm), which the presence of galena grains can explain.
One of the peculiarities of harzburgite (sample U-1) is that, in the presence of
modal zircon, the Zr concentration is only <2 ppm. The presence of copper,
nickel and cobalt sulphides is resulted in the enrichment of harzburgite in Ni
(<2210 ppm), Co (<80.3 ppm), Cu (<278 ppm). The platinum metal group is
represented only by Ir (0.0014-0-0052 ppm).

Discussion. Analysis of compositions of rock-forming and accessory minerals.
The petrochemical composition of minerals (chromospinel, olivine and pyroxene)
documented from peridotites of recent volcanic arcs is commonly applied for the
reconstruction of original conditions of their formation in ancient ophiolitic complexes.

In particular, chemical composition of chromospinelides, olivine and
orthopyroxene give important information on physical and chemical conditions
of formation of mafic-ultramafic complexes.

The Cr# to Mg# ratio of chromospinelides is commonly used to determine
the geodynamic setting of peridotite formation in ancient ophiolites. It is helpful
also in discrimination of abyssal peridotites from supra-subduction peridotites.
The chromospinelides under study belong to peridotites of forearc basins, as
shown by the Cr#-Mg# diagram (Fig. 3); Chromospinelides from harzburgites of
the Krasnaya Polyana site belong to the same type (Stepanets, 2016).
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Figure 3. Geodynamic diagrams: Cr#-Mg# (A) and Cr#-Fo (B) for chromespinelides of
harzburgites from Krasnaya Polyana segment (rhombus) and Urtynzhal site (bold red dot).
A) Field of abyssal peridotites and boninites (Dick & Bullen, 1984), the field of forearc
peridotites two (Ishii et al., 1992). B) Bold lines show composition field of equilibrium
olivine-chromium-spinel mantle paragenesis (OSMA) (Aral, 1994). Contours of field showing
composition of minerals from abyssal, supra-subduction and passive margins of mantle
peridotites are shown as per (Pearce et al., 2000); figures on the curve correspond to the
basalts melting from the primary unexhausted mantle source (FMM), I-trend of fractional

crystallisation, and II-trend of partial melting as per (Pearce et al., 2000).
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Determination the geodynamic setting of harzburgite formation is not
limited to the Cr# to Mg# ratio diagram. High values of chromespinelides Cr#
and molecule olivine Fo of the studied harzburgites are consistent with their
attribution to forearc peridotites (fig. 3B, (Aral, 1994), characterised by high
(more than 30%) degree of basalts melting from a primary non-depleted mantle
source. The degree of partial melting of harzburgites, calculated from the Cr#
value of primary spinel, is lower and does not exceed 23%.

The most convincing evidence that the Urtynzhal chromespinelides belong
to forearc basin peridotites is also extremely low, below the limit of analysis
sensitivity, TiO, concentrations (fig. 4A), which find the analogy with the Tonga
forearc basin peridotites (Birner et al., 2017) in the Cr# - TiO, binary diagram
(Pearce et al., 2000).
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Figure 4. (A) Diagram of chromite composition of forearc peridotites in the system Cr# and
TiO, spinel (Pearce et al., 2000), showing the melting degree of mantle rocks (curve marked

5%, 10%, 15%, 20%) and reaction trends with boninite melts (1), island arc tholeiite melts
2), MORB melts (3). The mantle dunites and harzburgites of Urtynzhal are consistent with
their residual nature after more than 20% melting of the fertile MORB mantle source (FMM).

For comparison, the bold black dots show the chromite of the Tonga forearc basin peridotites.

(B) The Fe+3/(Fe+3+Fe+2) to Cr# (Parkinson et al., 2003) ratio for chromespinelides of
the Krasnaya Polyana segment and the Urtynzhal deposit. Forearc peridotites: SSF—South
Sandwich Forearc, CS—Conical Seamount, TS—Torishima Seamount, TFA — Tonga Forearc;
Sx—Subduction xenoliths, Rp—Ridge peridotites.

The degree of iron oxidation (Fe™/(Fe™+Fe™)) of chromospinelides and
their Cr# have recently been proposed to discriminate abyssal and supra-
subduction peridotites. The diagram (Fig. 4B) clearly shows that figurative
points of chromospinelides of the Krasnaya Polyana segment fit into the field of
chromospinelides from peridotites of the South Sandwich forearc trough. Some
figurative points of chromospinelides from Urtynzhal peridotites are also located
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in this field, but significant part of them spread beyond it, and their degree of
iron oxidation is comparable with peridotites of xenoliths in subduction zones
and from the forearc basin of the Izu-Bonin-Marian Island arc at the Torishima
Island (fig. 4B).

As shown by the Fe3+ to Cr# ratio (Fig. 5A), the chromospinels from these
two TSA localities are also different, because figurative points of Urtynzhal
chromospinels are in significant part confined to the field formed by peridotites
of forearc basins. Probably, these TSA peridotite complexes were formed under
different geodynamic conditions created in the intra-oceanic subduction zone.
These differences are also evident from the character of Al,O, accumulation
(fig. 5B) for chromospinel of Urtynzhal peridotites, which are considered as a
stratiform complex, but it is not consistent with their extremely low concentrations
of TiO, (Arai et al., 2004).
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Figure 5. Geodynamic diagrams: A) Fe™-Cr# (Lian et al., 2016). and B) Al,O, to Cr,0, (Farre-
de-Pablo et al., 2020) for chromespinelides harzburgites of Krasnaya Polyana town arca

(rthombus) and the Urtynzhal deposit (red circle)

The clinopyroxene composition is also of great importance for interpretation
of the plutonic ophiolitic rocks formation condition. The earlier studied
clinopyroxenes from vein pyroxenites of Tort-Aul valley of the Krasnaya
Polyana sector of the TSA complex (Stepanets, 2016), on covariant diagrams
(fig. 6 (Beccaluva et al., 1989) do not spread outside the boninite fields of forearc
complexes.
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Figure 6. Covariant diagrams of clinopyroxenes of the Tort-Aul valley pyroxenite veins of
the Krasnaya Polyana site.
Fields: IAT - island-arc tholeiites, BON - boninites, MORB - mid-ocean ridge basalts
(Beccaluva et al., 1989); Al(t) - Ti (atomic ratios); Ti - Aliv (atomic ratios).

The analysis of petrochemical data indicates that chromospinels of the TSA
harzburgite complex are characterized by a higher degree of iron oxidation than
the spinels from abyssal peridotites and peridotites of the Tango forearc basin.

It may be caused by fluids derived from the uplifted plate, or by mantle
diapir melt interaction with the overlying lithosphere (e.g., depleted mantle
of the previous melting cycle (abyssal peridotites)). Their remelting produces
boninite magma (Pearce et al., 2000). The presence of boninite in the polymictic
serpentinite melange of the Tort-Aul valley was noted earlier (Stepanets, 2016),
which is consistent with the model of magmatism development within forearc
basins.

Proceeding from the degree of iron oxidation in chromospinelides,
chromospinelides of the Krasnaya Polyana sector harzburgites, including
harzburgites of the Urtynzhal site, can be reliably compared with those of South
Sandwich forearc basin. However, some spinelides from Urtynzhal site can be
compared with spinelides of the Torishima island of the forearc basin of the Izu-
Bonin-Marian island-arc system.

If we accept that REE distribution is a reliable indicator for determining the
protolith of abyssal and supra-subduction serpentinites as well as magmatic
processes such as the melt-rock interaction, the Urtynzhal serpentinites can be
considered as mantle wedge harzburgites, significantly modified by secondary
enrichment (refereeing) (fig. 7A).
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Figure 7. Schematic diagram illustrating the formation of peridotites of the Tekturmas
subduction-accretionary complex (modernised version from (Pearce et al., 2000).

DK-Duan-Kora volcanites, K- Karamurun basalts, KP-harzburgites of the Krasnaya
Polyana sector, U-harzburgites of Urtynzhal, B-boninites, L-lherzolites, di- microdiamond,
zr-zircon. (A) Represents probable geodynamic formation conditions of forearc peridotites

and Duan-Kora ensialic island arc (continental margin island arc). B) illustrates probable
geodynamic formation conditions of forearc peridotites of the Urtynzhal occurrence area.

Possible stages are formed by supra-subduction zone peridotites. Referring to
geodynamic models of magmatism within forearc basins developed by (Pearce
et al., 2000), we may suggest with certain confidence that the formation of
harzburgites of the Krasnaya Polyana sector in the TSA complex occurred as a
result of the impact of the mantle diapir, or more precisely, from its separating
melts, which favoured the re-melting of overlaying (previously existent) oceanic
lithosphere.

Apparently, at this stage, the island-arc tholeiite and calcareous-alkaline
volcanites of the Duane-Kora layer are volcanites pouring out in the island arc
containing Late Darriwilian and Sandbian (461-453 Ma) conodonts.

The Bowen differentiation trend characterises rocks, i.e. magmas of such
mantle reservoirs, which are not subject to fluids separating from the subducted
plate. Blocks of such complexes with plagiogranite-gabbroid fragments are
known eastward from the Krasnaya Polyana town (Stepanets, 2016).
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With the increase of the mantle diapir volume (fig. 7B), new portions of
magma were brought in. It was resulted also in increased water supply and
oxygen fugacity; both were derived from the subducted plate. Harzburgites
of the Urtynzhal ore deposits were formed apparently on that stage. They are
characterized by the high degree of iron oxidation due to re-melting of abyssal
peridotites, which were formed from the asthenosphere mantle during a previous
melting cycle. Basalt volcanic rocks of the Karamurun Group with plume
geochemical signatures were formed at that stage in the back-arc basin. The late
Darriwilian age of the unit is confirmed by conodont occurrences.

When magmatic chamber reaches significant size, magma in such reservoir
stratifies. It is distinctly displayed in Al-chromites associated with Urtynzhal
harzburgites (fig. 5B), but it is not consistent with their low TiO, content. For
spinelides of typical layered complexes, the TiO, content is usually more than
0.3 wt% (Arai et al., 2004). According to Ir content, harzburgites also do not
belong to the stratified peridotites, and high Ir concentrations (0.0014-0.0052
ppm) characterise them as anhydrous mantle peridotites (Deschamps et al.,
2013).

Zircon crystals extracted from Urtynzhal harzburgites apparently have
a magmatic origin and their ages are close to the time of the Karamurun and
Duan-Kora groups formation. The minerals associated with zircons, including
microdiamonds, moissanite, and corundum, cannot crystallize from residual
ultramafic melts. Therefore, their source and delivery mechanism into plutonic
rocks of TSA ophiolite complex require special consideration.

Experimental data (Anfilogov et al., 2015) on heating of zircon and dunite
above 1450°C indicates the possibility of an equilibrium mineral association
formation, which includes zircon, olivine and pyroxene. All these minerals are
present in zircon bearing harzburgites and therefore they may be considered
as syngenetic. Yet, observed substitution of subferrialuminochromite with
chromomagnetite and magnetite, as well as the presence of secondary
orthopyroxene in harzburgite put in doubt the original existence of zircon in
dunite. There is no doubt; however, that subferrialuminochromite is replaced
by magnetite, whereas chromite, ferrichromite and zircon remained stable at
temperatures above 1450°C. There is no indication of baddeleyite in association
with zircon and orthopyroxene in the present study; however, it was reported
earlier on harzburgites from the Krasnaya Polyana site (Antonyuk, 1974). The
presence of baddeleyite can be taken as evidence of high-temperature impact on
zircon-bearing rocks (Anfilogov et al., 2015).

Genesis of diamonds and related accessory minerals. The obtained zircon
ages are close to the time of formation of the Karamurun and Duan-Kora alkaline
and subalkaline basalts are in favour of a possible presence of the mantle diapir,
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which could be a source of exotic minerals in plutonic rocks associated with
ophiolites.

The nature and composition of this mantle diapir, apparently, can be inferred
based on the geochemical composition and isotopic data of alkaline and
subalkaline basalts of the Karamurun and Duan-Koran groups using principles
of geochemical geodynamics (Zindler & Hart, 1986).

Taking in account data presented in (Khassen et al., 2020), Karamurun and
Duan-Koran basalts can be considered as partial melts form HIMU and EM-I
reservoirs (Hofmann, 1997). The EM-I reservoir is a recycled lower continental
crust or subcontinental lithosphere. HIMU is considered as an enriched (U+Th/
Pb) mantle formed at about 1.5 - 2.0 Ma ago (Hofmann, 1997). The HIMU
source is usually attributed to the subducted blocks of the ancient oceanic crust
submerged down to the mantle or core boundaries (Zindler et al., 1982). Another
possible mechanism is mobilization of Pb in metasomatic fluids. It was also
inferred that HIMU may represent a dispersed core component in the mantle
(Zindler & Hart, 1986).

All these models suggest enrichment of the mantle diapir melt at significant
depths, possibly at mantle depths of 150-300 km, in the transition zone mantle
(TZM) and more, where diamonds, implanted in ophiolitic peridotites, could
originate (Liou et al. ap., 2014). Therefore, diamonds may occur in ophiolite
peridotites, including supra-subduction peridotites and chromites irrespective of
their geodynamic origin (Dilek & Yang, 2018).

It also implies that microdiamonds implanted in chromites and peridotites,
which originated near MTZ, most probably were transported to shallower
mantle depths in their host rocks with very high velocities (Dilek & Yang, 2018).
Probably, this process was caused by the mantle plume upwelling. It takes into
account that diamond, moissanite, zircon, baddeleyite and corundum were
formed under different geodynamic conditions (Liou et al., 2014), and a multi-
stage mechanism of their formation and incorporation into ophiolitic peridotites
and chromites (Dilek & Yang, 2018) cannot be excluded. It implies also a higher
rate of uplift and cooling of mantle diapir (Xu et al. (2018).

Interaction of the mantle plume frontal part with the overlying depleted mantle
may result in repeated melting and diamond, moissanite, zircon and corundum
implanting into this melt. Subsequent recrystallisation of the melt produced
harzburgite-dunite forearc peridotite associations containing these minerals.

Subsequent plume melts derived from EM-I + HIMU reservoirs are
contaminated with diamond, zircon and corundum. They represent a source
of ultramafic, mafic and felsic rocks, incorporated into ophiolite complexes.
However, lherzolites, dunites and plagiogranites from such complexes are
unknown within the polymict melange of the TSA ophiolites.
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Conclusion. The accessory chromospinelides of the Urtynzhal site differ
essentially from those of the Krasnaya Polyana by the presence of such impurities
like MnO, V0, ZnO, NiO. The common feature of these chromospinelides is
the absence of TiO, in the main petrogenic components. Almost all Urtynzhal
chromospinelides, with the exception of accessory chromite, were subjected to
secondary alterations. This is particularly relevant for subferrialuminochromite,
which is replaced by secondary magnetite. A sift of secondary magnetite was
probably formed due to interaction of the mantle melt with chromospinelides.
Urtynzhal chromospinelides are comparable with those of forearc peridotites
in their high chromicity and low magnesianity. A constant presence of V,Oin
chromospinelides of the Urtynzhal ore deposit can be considered as one of the
characteristic features of peridotites formed in the forearc environment. The high
degree of iron oxidation in chromomagnetite and ferrialuminochromite is also
apparent.

Olivine (Fo >0.89), which co-occurs with chromospinelides, is constantly
enriched in NiO, whereas Cr,O, varies in a relatively wide range from 0.0 to
0.26 wt%. Olivine-chromospinel pairs are located within OSMA (mantle
association of olivine and spinel) and are considered as dunites of the forearc
complexes. In case orthopyroxene is a secondary rock-forming mineral, it would
be correct to refer to the Urtynzhal peridotites as dunites. The high level of nickel
concentration in olivine, as well as the presence of nickel and copper sulphides
in dunites, suggests their possible ore-bearing capacity. Characters of aluminium
distribution in dunite chromospinelides indicate their cumulative origin as a part
of the stratified complex.

The Tekturmas and Duan-Kora alkaline and subalkaline basalts are the mantle
plume derivatives, therefore they are not complementary with the tectonically
related forearc peridotites. Therefore, they cannot be considered within a single
ophiolite complex. Restite peridotites complementary to the alkaline basalts have
not been identified in the TSA complex. OIB-like basalts of the Tekturmas and
Duan-Kora groups were formed as a result of adiabatic decompression melting
of the mantle plume intruded into the continental or transition crust.

Funding: This research was funded by the Ministry of Ecology, Geology and
Natural Resources of the Republic of Kazakhstan, grant number BR10264324
“Micro- and nanomineral components of ores as a source for replenishment of
mineral resources in Kazakhstan to develop technologies for their exploitation™.

Information about the authors:

Stepanez Wladimir Grigor’evich—candidate of geological and mineralogical
sciences, lead Geologist Astra Mining Kazakhstan; wladimir(@stepanez.de,
0000-0001-9771-5026;

235



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Levin Vladimir Leonidovich — candidate of geological and mineralogical
sciences, Institute of Geological Sciences named after K.I. Satbayev; levin v@
inbox.ru, 0000-0002-7524-0864;

Togizov Kuanysh Serikkhanovich — Doctor PhD, Head of the Laboratory
of Rare and rare earth metals, Institute of Geological Sciences named after K.I.
Satbayev; k.togizov@satbayev.university, 0000-0002-4830-405X;

Silachyov Igor Yurievich — candidate of engineering sciences, Institute of
Nuclear Physics; silachyov@inp.kz, 0000-0003-4237-8717;

Zheltov Dmitriy Anatol’evich — Institute of Nuclear Physics, 0000-0002-
0138-7484.

REFERENCES

Anfilogov V.N., Krasnobaev A.A., Ryzhkov V.M., Kabanova L.Ya., Valizer P.M., Blonov
I.A. Ustoichivost’ zirkona v dunite pri temperaturah 1400-1550°C (Stability of zircon in dunites
at temperatures of 1400-1550°C) // Reports of Academy of Sciences, 2015. Vol. 464. n. 3. P.
323-327.

Antonyuk R.M., Stepanets V.G., Degtyarev K.E., Tretiakov A.A., Bekenova B.K., Levin
V.L., Lee E.C. (2021) The first results of U-TH-PB (sims)-the geochronological study of zircon
from serpentinized ultramafic Tekturmas ophiolitic zone (Central Kazakhstan). Reports of the
Russian Academy of Sciences. 500:142-149 (in Russ.).

Arai S, Uesugi J., Ahmed A.H. Upper crustal podiform chromitite from the northern Oman
ophiolite as the stratigraphically shallowest chromite in ophiolite and its implication for Cr
concentration. Contributions to Mineralogy and Petrology. 2004. 147(2). P. 145-154.

Arai S. (1994) Characterization of spinel peridotites by olivine-spinel compositional
relationships: review and interpretation. Chem. Geol. 113:191-204 (in Eng.).

Beccaluva L., Macciotta G., Piccardo G.B., Zeda O. Clinopyroxene composition of ophiolite
basalts as petrogenetic indicator. Chem. Geol., 1989, 77. P.165-182.

Birner S.K., Warren J.M. Cottrell E., Davis F.A., Kelley K.A., Fallon T.J. Forearc Peridotites
from Tonga Record Heterogencous Oxidation of the Mantle following Subduction Initiation.
Journal of Petrology, 2017, Vol. 58, n.. 9. P. 1755-1780.

Deschamps F., Godard M., Guillot S., Hattori K. Geochemistry of subduction zone
serpentinites: a review. Lithos. 2013. 178. P. 96-127.

Dick H.J.B., Bullen T. (1984) Chromian spinel as a petrogenetic indicator in abyssal and
alpine type peridotites and spatially associated lavas. Contrib. Mineral. Petrol. 86: 54-76 (in
Eng.).

Dilek Y. & Yang J. Ophiolites, diamonds, and ultrahigh-pressure minerals: New discoveries
and concepts on upper mantle petrogenesis. Lithosphere; 2018, v. 10; no. 1. P. 3—13.

Farré-de-Pablo J., Pujol-Sola N., Torres Herrera H., Aiglsperger T., Gonzalez J.M., Llanes-
Castro A.I., Garcia-Casco A., Proenza J.A., 2020. Orthopyroxenite hosted chromitite veins
anomalously enriched in platinum-group minerals from the Havana-Matanza Ophiolite, Cuba:
Boletin de la Sociedad Geoldgica Mexicana, 72 (3), A110620. http://dx.doi. org/10.18268/
BSGM2020v72n3a110620.

Hellebrand E., Snow J.E., Dick H.J.B., Hofmann A.W. Coupled significantly and trace
elements as indicators of the extent of melting in mid-ocean-ridge peridotites // Nature. V. 410.
2001. P. 677-681.

236



ISSN 2224-5278 5.2022

Hofmann A.W. Mantle geochemistry: the message from oceanic volcanism // Nature. V. 385.
1997. P. 219-229.

Ishii T., Robinson P.T., Mackawa H., Fiske R. Petrological studies of peridotites from diapiric
serpentinite seamounts in the Isu—Ogasawara— Mariana forearc, Leg 125. In: Fryer P., Pearce
L.B., Stokking L.B. (Eds.), Proc. Ocean Drill. Prog., College Station, TX (Ocean Drilling
Program). 1992. P. 445-485.

Khassen B.P., Safonova 1., Antonyuk R.M., Gurova A.V., Obut O.T., Perfilova A.A.,
Savinskiy I.A., Tsujimori T. (2020) The Tekturmas ophiolite belt of central Kazakhstan: Geology,
magmatism, and tectonics. Geological Journal 55:2363-2382 (in Eng.).

Lian D., Yang J., Robinson P.T., Liu F., Xiong F., Zhang L. Gao J. Wu W. Tectonic evolution of
the western Yarlung Zangbo Ophiolitic Belt, Tibet: implications from the petrology, mineralogy,
and geochemistry of peridotites. J. Geol. 2016. 124. P. 353-376.

Liou J.G., Tsujimori T., Yang J.-S., Zhang R.Y., Ernst W.G. Recycling of crustal materials
through the study of ultrahigh-pressure minerals in collisional orogens, ophiolites, and mantle
xenoliths: A review: Journal of Asian Earth Sciences, 2014, v. 96. P. 386—420, https:// DOI .org
/10 .1016.

Novikova M.Z., German L.L., Kuznetsov L.E., Yakubchuk A.S. (1991) Ofiolity Tekturmasskoj
zony (Ophiolites of Tekturmas zone) (Magmatism and ore bearing capacity of Kazakhstan): 92-
102 (in Russ.).

Parkinson 1.J., Arculus R.J., Eggins S.M. Peridotite xenoliths from Grenada, Lesser Antilles
Island Arc. Contributions to Mineralogy and Petrology 2003. 146. P. 241-262.

Pearce J.A., Barker P.P., Edwards S.J., Parkinson 1.J., Lear P.T. Geochemistry and tectonic
significance of peridotites from the South Sandwich arc-basin system, South Atlantic / Contrib.
Mineral. Petrol. 2000. V. 139. P. 36-53.

Stepanets V.G. (2016) Geodynamic position of ophiolites of the Tekturmas accretionary
prism (Central Kazakhstan) 1:.34-49 (in Russ.).

Xu X.-Z., Cartigny P., Yang J.-S., Dilek Y., Xiong F. and Guo G. Fourier transforms infrared
spectroscopy data and carbon isotope characteristics of the ophiolite hosted diamonds from the
Luobusa ophiolite, Tibet, and Ray-Iz ophiolite, Polar Urals: Lithosphere, 2018, v. 10. P. 156—
169, https:// DOI .org /10 .1130 /L625 .1.

Zindler A. & Hart S. Chemical Geodynamics. Annual Review of Earth and Planetary Sciences
14. 1986. P. 493-571.

237



ISSN 2224-5278 5.2022

CONTENTS

G.R. Baspakova, S.K.Alimkulov, E.S. Sarkynov, A.A. Tursunova, A.R.
Zagidullina, A.A. Saparova, K.M. Kulebayev

IMPACT OF CLIMATE CHANGE AND ANTHROPOGENIC FACTORS

ON THE RUNOFF OF THE ERTIS RIVER........ccccccoviiiiiiieieieeeeeeeeee, 6

K.A. Battakova, A.A. Saipov
THE INFLUENCE OF ATMOSPHERIC AIR POLLUTION ON THE
GEOGRAPHY OF PROFESSIONAL HEALTH.......cccceecuiviiniiiinieieeienne 23

Zh.G. Berdenov, R.Z. Safarov, E.Kh. Mendybaev, Zh.K. Shomanova,

D.C. Ilies

IMPACT OF TECHNOGENIC FACTORS ON SURFACE WATER OF

THE ILEK RIVER BASIN......oiiiiiiiieiieieeeeee ettt 37

ML.T. Biletsky, B.T. Ratov, V.L. Khomenko, B.R. Borash, A.R. Borash
INCREASING THE MANGYSTAU PENINSULA UNDERGROUND
WATER RESERVES UTILIZATION COEFFICIENT BY ESTABLISHING
THE MOST EFFECTIVE METHOD OF DRILLING WATER SUPPLY

I.M. Dyussebayev, Zh. Issabekov, A.D. Tulegulov, D.S. Yergaliyev,

N.A. Bazhaev, A.A.Kaipova

METHODOLOGICAL BASIS FOR THE APPLICATION OF WIND
GENERATORS IN GEOLOGY.....cccotttiirieiriinieieieneieiesieeeesiesee e 63

T.Ibrayev, M. Li, N. Bakbergenov, M. Narbayev, A. Batyrbayeva
CURRENT ISSUES OF WATER MANAGEMENT
IN KAZAKHSTAN ..ottt et 79

I. Isa, L.T. Kurmangaziyeva, M.K. Urazgaliyeva, A.A. Kubasheva,

A.G. Kassanova

DEVELOPMENT OF A MATHEMATICAL MODEL OF THE OIL
RESERVOIR KENKIYAK FIELD ON THE BASIS OF

ITS GEOLOGICAL MODELS.......cciiiiiiiiiiiiieiieiceceeeeeeceeee e 93



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

G.Zh. Kokymbaeva, R.N. Uteev, A.S. Mardanov, Zh.S. Murzagalieva,

E.V. Yermekov

MODELING PVT PROPERTIES OF RESERVOIR FLUIDS WITHIN THE
KARATON-SARKAMYS BLOCK BY THE EXAMPLE OF

THE PRORVA GROUP OF FIELDS........ccooiiieiiieeieeeeee e 109

M. Mirdadayev, A. Basmanov, N. Balgabayev, B. Amanbayeva,

A. Duisenkhan

RESEARCH OF HYDROGEOLOGICAL CONDITIONS AND ENERGY
PARAMETERS OF ZONAL IRRIGATED SOILS WHEN OPTIMIZING
ENERGY-EFFICIENT RECLAMATION TECHNOLOGIES IN

THE REPUBLIC OF KAZAKHSTAN.....cccoiiiiiiiiinieiieiceciceee 128

Ye.Zh. Murtazin, D.K. Adenova, S.R. Tazhiyev

ASSESSMENT OF THE POTENTIAL OF SELF-DISCHARGING
HYDROGEOLOGICAL WELLS FOR SUSTAINABLE DEVELOPMENT
OF RURAL AREAS OF ZHAMBYL REGION.......cccccoiiiniiiiiniicieieeee, 143

K.N. Orazbayeva, Zh.Zh. Moldasheva, B.B. Orazbayev, Y.A. Ospanov,
S.Sh. Iskakova

MODELING AND OPTIMIZATION OF OPERATING MODES OF

OIL HEATING TUBE FURNACES........cocotiiiiiieienieeeeseeeeee e 156

V. Padar, S. Kuzembayeyv, V. Berezyuk, M. Sikhimbayev, B. Absadykov
RECOVERY AND HARDENING OF WORN PARTS FROM STEEL
25L FOR GRINDING EQUIPMENT.......cccccccoiiimininininieiereecieneeeeeee 176

B.R. Rakishev, M.M. Mataev, Z.S. Kenzhetaev, A.Kh. Shampikova
INNOVATIVE METHODS OF INTENSIFICATION IN SITU LEACHING
OF URANIUM IN DEPOSITS WITH LOW FILTRATION
CHARACTERISTICS OF ORES......oiiiiiiiieeeeeeeeee e 188

A.K.Sambetbaeva, E.B. Kurmanbekova, S.T. Shaltabaeva,

S.A. Ugryumov

EVALUATION OF PROTECTIVE PROPERTIES OF COATINGS

OF FILLED COMPOSITIONS BY ELECTROCHEMICAL

METHODS ...ttt et et eebeesaseeneeas 207

320



ISSN 2224-5278 5.2022

V.G. Stepanets, V.L. Levin, K.S. Togizov, I.Yu. Silachyov, D.A. Zheltov
NEW DATA ON THE MINERALOGY OF SUPRA-SUBDUCTION
OPHIOLITES OF THE TEKTURMAS MOUNTAINS (CENTRAL
KAZAKHSTAN). .ttt sttt 219

V. Solonenko, N. Makhmetova, M. Kvashnin, N. Ivanovtseva, V. Nikolaev
VIBRODIAGNOSTICS OF METAL RAIL STRANDS FOR DIFFERENT
TYPES OF FASTENINGS.......oooiiiiiiieee ettt 238

N. Tauova, M.S. Yessenamanova, K. Kozhakhmet, A.R. Kushakov,

A. Kaliyeva

GEOLOGICAL STATE OF THE STRATIGRAPHIC COMPLEX

OF THE TENGIZ DEPOSIT......ooiiiiieeeeee e 249

D. Urmanova, B. Durmagambetov, John D. Humphrey, S. Zagranichniy
GEOLOGICAL AND HYDRODINAMIC MODELING OF AN OIL FIELD
OF THE PRICASPIAN REGION OF THE REPUBLIC

OF KAZAKHSTAN . ....ooiiiiiiiic et 266

A.S. Zhumagulov, M.T. Manzari, G.B. Kezembayeva, S.M. Nurmakova,
D.B. Mukanov

TECTONIC EVOLUTION AND HYDROCARBON ACCUMULATION
CONTROLLING CHARACTERISTICS OF THE SHU-SARYSU

K.T. Sherov, A.K. Rakishev, B.N. Absadykov, M.R. Sikhimbayeyv,

A. Esirkepov

EXPERIMENTAL STUDY OF CHIP FORMATION DURING ROTARY-
FRICTION TURNING OF PARTS TYPE OF ROTATION BODIES

FROM VARIOUS MATERIALS.......coittiiiieeeieseeeeeeee e 306

321



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis or as an electronic preprint, see http://
www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service http://
www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[IpaBuiia opopmiieHHs CTaThu JUI MyONUKAlMHU B XKypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

JupexTop otaena uzganus HayuHsix xkypHanoB HAH PK 4. Bomankwizwl
3aMecTUTENh TUPEKTOP OTAeNa n3naHus HaydHbIX KypHamoB HAH PK P. JKanuxwizer
Penaxroper: M.C. Axmemosa, JI.C. Anenos
Bepctka Ha kommbrotepe 1/ JKaowvipanosa

TToxmucano B nmeuars 14.10.2022.
®opwmar 70x90'/,. Bymara odcernas. [levars — pusorpad.
20,0 .. Tupax 300. 3aka3 5.

Hayuonanvuas akaoemus nayk PK
050010, Armamei, yn. Llleguenxo, 28, m. 272-13-19





