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PREDICTIVE ESTIMATE OF Ti-Zr PLACER DEPOSITS
IN MESOZOIC AND CENOZOIC SEDIMENTS AT NW MARGINS
OF THE ZAYSAN BASIN, EAST KAZAKHSTAN

Abstract. During the research of orographic, geological and geomorphological characteristics of the Zaysan
basin arca aiming to identify targeting factors of Ti-Zr alluvial deposits it has been established that the following
special favourable conditions are required for their formation: neighbouring occurrence of magmatic rocks with
Ti-Zr credit, well-formed deep chemical weathering crust, which has facilitated the release of ore minerals; alluvial,
proluvial limnic hydrodynamic conditions for transportation, segregation and concentration of Ti and Zr minerals;
availability of local structural particular qualities (tectonic layers, basins), which have prevented the deposits from
washing out during transgression and regression of the Zaysan paleo-lake. It has been established that well-known
Ti-Zr deposits in the north-west margin areas of the Zaysan basin are geomorphologically located in gentle slope,
non-segmented plains of subaerial denudation of 400-700m altitude, within the littoral zone of the Zaysan paleo-
lake. The orographic representation of modern relief of the region have been established, stratigraphic positions of
Mesozoic and Cenozoic placer deposits were determined, and an area for prospecting of new Ti-Zr deposits was
identified.

Keywords: Ti-Zr deposits, plains of subaerial denudation, geomorphological regionalization, Zaysan basin,
East Kazakhstan, placer deposit, titanium, zirconium, arca orography, geological-geomorphological analysis, pro-
specting characteristics.

1. Introduction. Over the last years, the efficiency of research and prospecting works for placer
deposits in Kazakhstan has severely declined due to the limited number of easily-discoverable deposits.
Therefore, scientific forecast becomes important, whereas its absence leads to unproductive investment
and work output of geological prospecting becomes inefficient.

The objectives of this paper include: 1) to define prospecting characteristics to determine Ti-Zr
mineralization of placer deposits within Mesozoic and Cenozoic sediments of the Zaysan basin in East
Kazakhstan, and 2) to study characteristic features of the geological and geomorphological development
of the area.

Research carried out and presented in this paper allowed to clarify the role of area relief and to
constrain development of surface substrate during the formation of placer deposits in Mesozoic and
Cenozoic sediments, and to determine indicators for Ti-Zr prospecting within the Zaysan basin.

2. Research methods. Studies of geological-geomorphological and morphotectonic evolution of the
Zaysan basin area with subsequent predictive estimation of Mesozoic-Cenozoic Ti-Zr placer deposits were
carried out in two stages as follows:
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1. During the first stage, the morphology of modern relief of the Zaysan basin was investigated,
including detailed research on geology, morphology and morphotectonic processes; construction of
regional orographic layout and sections using Global Mapper geo-information system based on terrain
data of modern relief (SRTM Worldwide Elevation Data, 1-arc-second resolution). Research results
allowed determining the position of modern faults, amplitude of new displacements and nature of plicative
deformations. An orographic scheme with cross-section of modern relief of the area has been also
constructed.

2. During the second stage and within the boundaries of the Zaysan basin area, the proposed bank line
of the Zaysan palco-lake was determined by way of alignment of determined Ti-Zr alluvial deposit
locations and altitude horizontals of the constructed orographic layout. It is suggested that Ti-Zr minerals
were concentrated and sorted under coastal hydrodynamic conditions within local geological structures
(tectonic layers, basins, etc.). Detailed research of particular features of the geological and geomor-
phological development has been performed on the identified territory.

Therefore, the research methods included the following: construction of orographic layout and
sections of modern relief of the studied area; research of stratigraphic positions of sediments containing
known Ti-Zr placer deposits in the area, and determining their geomorphological positions; research of
geomorphological and geological development of north-west margins of the Zaysan basin, identifying
plains of subaerial denudation and determining local forecasting areas for research of Ti-Zr placer
deposits.

3. Assessment of Ti-Zr placer maturity within the Zaysan basin area. Ti-Zr placer deposits
formed in the Mesozoic-Cenozoic sediments in different parts of the Zaysan basin due to the rewashing
and segregation of sandy-clay material. Sources for these deposits include older sedimentary-volcanic and
igneous rocks.

The following Ti-Zr placer deposits are known in the area of the Zaysan basin [1-4]:

1. Karaotkel deposit is confined to river valleys embedded in the Mesozoic weathering crust and
made by Paleogene and Neogene proluvial-alluvial deposits. The weathering crust is developed over calc-
alkaline and subalkaline granitoids of the Karaotkel intrusion. Ore minerals include: ilmenite, leucoxene
and zircon.

Three ore horizons are distinguished at the deposit: the lower horizon in the Upper Cretaceous
weathering crust (K,ma) composed of 55 % clay and 45 % sandy components; the middle horizon in the
sediments of the North Zaysan series (Pg,*’sz) of Paleogene, represented by outwashed sandy-clayey
rocks; and the upper horizon in the sediments of the Aral suite (N,'”ar) of Neogene, consisting of 62—
64 % clay and 36-33 % sandy components.

2. Satpaev deposit is geomorphologically associated with the area of transition from the accumula-
tive plain (the north-western border of the Zaysan basin) to the slightly dissected low-hill terrane
(the piedmont of the Kalba highland) and localized in the alluvial (stream- bed) deposits of the Aral suite
(N,'*ar) of Neogene. The placer deposit stretches within the Preobrazhensk intrusion of granitoids and is
represented by sandy clays, unsorted coarse, medium-grained and uneven-clayey arcosic sands. The main
ore mineral is ilmenite, whereas zircon is observed in insignificant quantities.

3. Peschanka deposit is represented by an alluvial valley placer. The mineralised bed consists of ho-
mogeneous sand-gravel-pebble sediments with insignificant fluctuations of pebble content from 20 to 39 %.
The main ore minerals are ilmenite, magnetite, cassiterite, scheelite, zircon, rutile, pyrite and apatite.

In general, Ti-Zr placer deposits within the Zaysan basin are localised in three different stratigraphic
levels as follows [5, 6]:

Upper Cretaceous weathering crust (Koma) — it occurs everywhere at the base of the Cenozoic
section of the Zaysan trough with a thickness of up to 20m and is exposed in small areas within the relics
of the plains of subaerial denudation. The chemical composition of the weathering crust depends on the
initial composition of the source rocks. In terms of composition and structure, the weathering crust is close
to modern tropical and subtropical areas.

North Zaysan Paleogene Series (Pg,” sz) — it is represented by variegated sediments at the base of
the section of the Zaysan basin and lies with weakly-expressed ravinement on the Upper Cretaceous
weathering crust. The rock mass is dominantly represented by variegated red spotted clays, siliceous
mudstones and siltstones with rare interlayers and lenses of quartz sand. The middle part and the base of
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the upper part of the series section contain signs of the Paleocene flora [7]. The thickness of the series is
relatively constant at 190-210 m, but gradually decreases to 10 m within the anticlinal structures.

Aral suite of Neogene (N, ar) — it is represented within the Zaysan basin by a monotonous gray-
green silty clays with rare layers and aleurite lenses, red-brown clays and marls. In some areas there are
white calcareous concentrations, druses and gypsum crystals. Sands and siltstones corresponding to the
coastal-delta part of the paleo-basin are dominant in the northern part of the Zaysan basin. The thickness
of these sediments is 30-90 m.

4. Results of orographic, geological and geomorphological analysis of the Zaysan basin area:
implications for prognostic area for Ti-Zr placer deposits. The Zaysan basin area formed as the result
of a prolonged and complex geological development. The most important factors, which influenced the
genesis and morphology of the relief of the area include [8, 9]: (1) the activation of intrusive magmatism;
(2) subsequent tectonic activity during the Alpine orogenesis; (3) transgressive-regressive hydrodynamic
regimes of the Zaysan paleo-lake; (4) development of denudation processes of physical and deep chemical
weathering. The Ti-Zr placer deposits of Karaotkel, Satpacv, and Peschanka formed within close
proximity to volcanic-sedimentary and intrusive source rocks [13, 14]. The degree of maturity of the rocks
that were outwashed and transported into the Mesozoic and Cenozoic basins was very critical during the
formation of mineral sands [10-16].

Identification of the bank line of the Zaysan paleo-lake (i.c., areas of favourable hydrodynamic
conditions) is a very critical forecasting factor for the research of metal-bearing Ti-Zr placer deposits. A
horizontal line of 450 m (+/- 50 m) is highlighted by a red line on the orographic layout of the Zaysan
basin (figure 1) near the granitoids of the Kalba highland, which coincides with the location of known
Ti-Zr placer deposits (Karaotkel, Satpaev, Peschanka), which probably was the bank zone of the Zaysan
paleo-lake with the conditions favourable for the concentration of Ti-Zr minerals.

Lake Zaysan

50 km 100 km 150 km 200 km 250 km 300 km

Figure 1 — Orographic layout of the Zaysan basin. Location of known Ti-Zr placer deposits in the area:
1 — Karaotkel; 2 — Satpaev; 3 — Peschanka. The red line indicates the proposed bank line of the Zaysan paleo-lake

The dedicated bank line of the Zaysan paleo-lake is proposed as a perspective for the discovery of
new Ti and Zr placer deposits. It is important to note that location of the proposed bank line is in
agreement with previous paleolimnological studies within the Zaysan sedimentary basin [17]. The region
of the perspective area covers the south-east submontane part of the Kalba mountain chain, on the left
bank of the Irtysh River (figure 2).




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2019

83°45'E

49°10'N

48°50'N

BIM5E 83°45'E

Qv |Sand, sandy loam, gravel C Sg%iﬁ;?ﬁ% conglomerate, andesite
o~ Loam, sandy loam, clean sand, sand with Cale-sinter and tuffite, sandstone,
X impurities of rubble of Paleozoic rocks siltstone, carbonaceous clay-slate

Carbonaceous clay-slate, silstone,
polymictic sandstone

—Qi— Cross-bedded sand - Granitoids

Qu | Clay loam, sandy clay, sand, gravel

N | Gravel, sand Tectonic contact line

Pg |Kaolin clay, clay rock, sand @ Ti-Zr placer deposits

Figure 2 — Geological map of the north-west area of the Zaysan basin [18, 19]
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A sharp asymmetry is observed in the morphological structure of the Kalba highlands in the
perspective area (north-west frame of the Zaysan basin). Their northern slopes are steep and rocky, and the
southern ones are relatively flat. The absolute elevations in the area vary from 864 to 1608 m, averaging
500-900 m with relative elevations from 20 to 700 m. At the watershed arcas and gentle slopes of the
ridges, there are almost flat arcas that are remnants of an ancient peneplain. Along the left shore of the
Irtysh River, dune ridge sands with arcas of barchan sands are located within the band of 4-15 km.

Volcanic-sedimentary rock formations of the Middle and Upper Paleozoic and unconsolidated
sediments of the Mesozoic and Cenozoic period are present in the geological structure of the arca. The
following rock formations are observed in the stratigraphic section of the Middle Paleozoic: Takyr (Ds-
Citk), Baysum (C,bs), Dalankar (C;dk), and Arkaul (C,v,) suites. The Upper Paleozoic formations in the
area are represented by the Maytyube (C,.smt) and Serzhikhinsk (Cs-P;sr) suites. The following rock units
are present in the Mesozoic and Cenozoic rock section: Upper Cretaceous weathering crust, Paleogene,
Neogene and Quaternary sediments.

Sedimentary and volcanic rock formations of the Middle and Upper Paleozoic are crosscut by the
granitoids of the Kalba and Zmeinogorsk intrusive complexes (C;-P). Multiphase granites of the Kalba
group of the left bank of the Irtysh River are characterized by relative homogeneity and common mineral
composition. They are represented by plagioclase of albite-oligoclase and microcline perthite series,
occurring in approximately equal proportions. The mineral content in granites is as follows: feldspar
60-70 %; quartz 20-25 %; dark mineral is represented by biotite in an amount of 5-15 % and more. An
increased content of biotite is observed in granites of the endocontact areas of intrusions and in areas,
where granites are enriched in xenoliths of host rocks. In some areas, granites show a complete or partial
replacement of biotite with muscovite, primary feldspar with skeletal microcline, new growths of these
minerals, as well as pneumatolytic changes of granites, manifested in greisenization.

In tectonic terms, the repeated deformations during the Hercynian the Hercynian tectogenesis,
combined with igneous activity, led to the formation of complex tectonic forms, further complicated by the
neotectonic (Alpine) discontinuous deformations. During the Alpine orogeny in the area, there was formed
the Kalba-Narym highland (upheaval), complicated by numerous faults, which are represented by differently
oriented faults of different age.

After active Alpine orogenesis, erosion-denudation processes, accompanied by intensive disruption of
the ancient peneplain with the subsequent formation of a modern basin and range relief took place (figure 3).

According to morphogenctic features, two formation stages are distinguished in the area, namely a
denudation relief of the (1) platform and (2) tectonic stages.

1. Denudation relief of the platform stage of relief formation. The relief of the platform stage includes
ancient plains of subaerial denudation, identified in a number of places by kaolin residual soil and red-brown
clay. The formation of this relief is associated with the relatively calm tectonic conditions that existed before
the first signs of the Alpine orogenesis, when the processes of denudation dominated at the whole territory of
Altai [18, 20-22]. It is generally accepted that peneplain formation began in the Upper Cretaceous. Plains of
subaerial denudation are found on watershed spaces that have not yet reached regressive river erosion
(at absolute elevations of 400-1600 m). In most cases, the plains of subaerial denudation have a slight slope
(2-40), which is probably associated with an arch pattern of the alpine orogenesis upheaval. According to
morphological features, smooth slopes and poorly broken plains of subaerial denudation were established in
the area at that time.

2. Denudation-tectonic relief of the orogenic relief formation stage. The relief of the orogenic stage is
closely associated with the latest tectonic deformations, which first manifested in the area from the end of the
Pliocene and continue until present. As a result of the arched nature of the upheaval associated with these
deformations, two folds are formed in the area, corresponding to the Kalba and Narym Ridges, complicated
by numerous faults and divided by the area of relative subsidence, to which the modern valley of the Irtysh
River is related. Different amplitudes of tectonic movements within the areas of relative upheaval and the
associated uneven activity of exogenous relief led to the formation of various types of mountainous relief in
the area.

The products of denudation, brought into arcas of relative subsidence, led to the formation of
accumulative relief forms. According to leading relief factors, we can distinguish the lake, acolian,
gravitational, and river types of relief.
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Figure 3 — Geomorphological layout of the north-west area of the Zaysan basin.
Forecast area lies on the left bank of Irtysh River at the foot of the Kalba highland
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5. Discussion of results.

1. In the history of geological and geomorphological development of the area during the Mesozoic-
Cenozoic period the following factors had significant importance: tectonic movements of the Alpine
orogeny, characterized by arched upheaval and subsidence; the widespread development of the processes
of denudation of physical and deep chemical deflation; periods of transgression and regression of the
Zaysan paleo-lake, periodically flooded large arcas of continental land. Research of orographic pans and
sections of the modern relief of the Zaysan basin established a presumably coastal zone of the paleo-basin,
which hydrodynamic conditions could facilitate the transportation and segregation of Ti and Zr minerals,
as well as accumulation in local geological structures (tectonic layers, basins, etc.).

2. The stratigraphic levels of known Ti-Zr placer deposits in the Zaysan basin area are characterized.
Elevated concentrations of ore minerals are established in the following deposits: the Upper Cretaceous
residual soil (K,ma), the North Zaysan Paleogene series (Pg;*sz), and the Neogene Aral suite (N;'“ar).

3. Prognostic characteristics of localisation of Ti-Zr placer deposits in sediments of plains of
subaerial denudation were identified. In the morphogenetic aspect, the plains of subaerial denudation
represent a rather flattened relief surface, which formation was promoted by the activity of various
denudation processes: erosional surface waters, periods of transgression and regression of the Zaysan
paleo-lake.

4. The prognostic area for more detailed exploratory research was determined to identify placer Ti-Zr
deposits in the Zaysan basin. The prognostic area is confined to plains of subacrial denudation in the
elevation range of 400-700 m in the coastal zone of the Zaysan paleo-lake of the north-west border of the
Zaysan basin.

Therefore, favourable conditions for the concentration of Ti-Zr metal-bearing placer deposits in the
area of the Zaysan basin were determined:

— availability of a substrate of igneous rocks of Karaotkel-Preobrazhensk, Kalbinsk and other
complexes;

— availability of a deep chemical weathering crust, which contributed to the release of Ti and Zr ore
minerals;

— availability of smooth sloping, poorly broken ancient plains of subaerial denudation with absolute
clevations in the range of 400-700 m, located within the coastal zone of the Zaysan paleco-lake;

— availability of favourable structural features (tectonic layers, basins) that prevented placer deposits
from erosion during periods of transgression and regression.

6. Conclusions. The paper highlights the importance of geological processes of tectonic activity,
grosion activity, transgression and regression of the Zaysan paleo-lake during the formation of a
contrasting modern relief of the Zaysan basin of East Kazakhstan. As a result, the role of geological and
geomorphological development of the north-west margin of the Zaysan basin and surface substrate in the
formation of metal-bearing Ti-Zr placer deposits in the area could be substantiated. Prospecting indicators
are compiled serving to identify the prognostic area for the discovery of new Ti-Zr placer deposits in the
region.

7. Acknowledgements. The article is dedicated to the 120" anniversary of the birth of K.I. Satpacv.
The authors thank the Altaiskiy Geologic-Ecological Institute for continuous support and for providing
data for this study. Yertlek Suickpayev is especially grateful to Mikhail Kravchenko for support and
inspiration. YS was supported by the research and fieldwork grant # AP05134978 on “Development of
innovative technologies for the discovery of titanium-zirconium placer deposits, rare and rare-carth
clements in the Zaisan depression in East Kazakhstan™ from the Republican State Administration of the
"Treasury Committee of the Ministry of Finance of the Republic of Kazakhstan".




ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2019

E. C. Cyiieknaes', E. M. Camaprames”?, A. B. o;ronoosa’,
P. Cerrmann’, A. M. Pacnonos®, T. K. Bekxenosa®

l,Z[eyneT Cepikbacs arerHmars! Lbreic Ka3akcTaH MEMIICKETTIK TCXHUKAIBIK YHIHBSPCHTETI, OckeMeH, Kazakcran
*«TTapacat» YFTX» AK, «Anrail reo1orus-3koI0ruaibik mHCTHTyT» JKIIIC, Ockemen, Kazakcran
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IIBIFBIC KASAKCTAH OBJIBICBIHIAFBI 3AH{CAH OMITATBHIHBIH,
COJTYCTIK-BATEIC JKAKTAYBIHIAFBI ME30-KAWWHO3OMJIBLIK IIOTTHALTEPATH
Ti-Zr IIATIBIPAH/BI METAJIIBLILIFBIH BOJIKAM/IBI BAFAJIAY

Annortamust. Ti-Zr manibIpasasUIapeiH 00Kay (aKTOpIaphlH aHBIKTAY MAKCATBIHAA 3aifcaH OWMAThHl aynaa-
HBIHBIH 0POTPAPHAIBIK KOHE TCOJOTHAIBIK-TCOMOP(OTOTHAIBIK CPSKIICTIKTCPIH 3CPTTCY KE3IHAC, ONAPIbIH TY3LIyi
YIriH Oenrinmi Oip KOJAHIBI sKarJadiaapablH OONMyBI KAKET CKEHIIT! aHBIKTANAbL: Ti-Zr MAarMAaTHKAIBIK KBIHBICTA-
PBIHBIH CPEKIICIIKTEPre >KAKbIH OPHANACKAH CyOCTpaThl, KCH MHHEPAXIAPBIH OOCATyFa OCEPIH THUTI3ETIH, TEPEH
XHMISUTBIK SKEITE MYXKUIyJIepAcH maiaa 6omFaH KeIpThicTap; Ti skoHE Zr MHHEPAIAAPHIH TAaChIMAJAY, CYPhINTAY
JKOHE KOHICHTPAUMSUIAYFA APHAIFAH aJUTFOBHHIK-IIPOIFOBHAIDIK-KOI THAPOIHHAMUKABIK APTTAP; MAIIBIPAH/IBI
KCHACPIl 3aiiCaH Majaco-KeTiHIH TPAHCTPECCHACH! (TAaCyBI) JKOHC PETPECHHACH (KAHTYHI) KS3IHACT] IMANBLIBIT Ke-
TYJCH CAKTAHTBIH SKCPTLTKTI KYPBIIBIMIBIK CPEKIICTIKTEPAIH (TCKTOHHKAIBIK OaCHaniaKTapablH OHBICTAPIBIH)
60.1ybl. 3alicaH OMIATHIHBIH CONTYCTIK-0aThIC MKAKTayhl mMeTiHae MamiM O0osraH Ti-Zr KeH OpBIHAAPHI 3aiicaH maxeo-
KOJTiHIH JKaramay sk aimMarsiaaa, 400-700 M OWIKTIK THANA30HBIHAAFBI TCTICTIKTE TCOMOP(OOTHAIBIK KATBIHACTA
9JICi3 OOIIICKTEIITCH YCTiHT OCTTEPAC OPHANACKAHIBIFE AHBIKTAIABL. AYAAHHBIH KA3ipri 3aMaHFBI PeIbe(iHiH 0po-
TpaMAIBIK CXCMa KYPACTHIPBLIFAH, MIAINBIPAHAB OPHAIACKAH MC30-KAWHO30MIIK TY3UIIMACPAIH CTPATHTPAPHAITBIK
OpHAJIACY KaFJaWbl AHBIKTAFAH, >KOHE >kaHa T1-Zr KCHOPBIHIAPHIH 13/1eY YIIiH O0ILKaM/IbI anaH OeIiHiI OepiireH.

Tyiiin ce3zaep: Ti-Zr yacak Tay >KbIHBICTAPBI, TETICTENETIH CHIPTKBI OETTEp, T€OMOP(OIOTHKAIBIK ayJaH-
JacTeIpy, 3aiican oifmarsl, [IIsrpic KazakcraH, ammoBHanapl KEH OPBIHAAPHI, aiMAaK Oporpa(msiachl, TCOIOTHSLIBIK-
TeOMOP(OTIOTHAIBIK TATAAY, Oapaay CHIATTaMaIaphL.
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IPOTHO3HAS OUEHKA Ti-Zr PO(;CI»IHHOFI METAJLJIOHOCHOCTH
ME30-KAUHO30UCKHX OTJIOKEHUU CEBEPO-3AITATHOI'O OBPAMJIEHUA
3AUCAHCKOMU BIAJHUHBI B BOCTOYHOM KA3AXCTAHE

Annoramust. [lpu w3yueHHE oOporpaduyeckux M Te0JI0r0-reoMOP(OIOTHUESCKHX OCOOEHHOCTEH paioHa
3aliCaHCKOW BIIAJMHBI C LEJBI0 BBIABICHUS (DAKTOPOB MPOTHO3a Ti-Zr pocchIel OBUIO YCTAHOBICHO, YTO IS MX
00pa30BaHUA HCOOXOIUMBI ONPCACICHHBIC ONATOMPHATHBIC YCIOBHA. ONH3 PACIOJI0KCHHBIH CyOCTpaT MarMarH-
yeckux mopor Ti-Zr cnenuanm3anuy; COPMHPOBAHHAS KOPA TIIYOOKOTO XHMHYECKOTO BBIBETPHBAHHSA, CIOCOO-
CTBOBABINAS BBICBOOOXKICHUIO PYJHBIX MHHECPAJIOB, A/UIFOBHAIBHO-TIPOIFOBHAIBHO-03CPHBIC THIPOJUHAMIUCCKAC
VCIIOBHS I TPAHCTIOPTHPOBKH, COPTHPOBKH M KOHICHTPAIMH MHHEPANoB Ti m Zr; HalW4We JOKAIBHBIX CTPYK-
TYPHBIX OCOOCHHOCTEH (TEKTOHHUYCCKHUX CTYIICHEH, MYJbI), MPEIOXPAHUBIINC POCCHITA OT Pa3MbIBA B IICPHOBI
TPAHCTPECCHH W PETPECCHH TAIC003¢pa 3aCaH. YCTAHOBJICHO, UTO M3BSCTHBIC Ti-Zr MCCTOPOKACHHA B MpeACTIaX
CEBEPO-3AMATHOTO OOpaMIICHHST 3aHCAHCKOH BIAAWHBI B TeOMOP(OTOTHMECKOM OTHOIICHHWH JIOKATIH3YIOTCA B
TOJIOTOCKJIOHHBIX, CTA00PACUICHEHHBIX IOBEPXHOCTSIX BBIPABHUBAHMUS B Auamna3oHe BbicoT 400-700 M, B Oeperosoi
30He maneooszepa 3akicaH. [locTtpoeHa oporpadmueckas CXeMa COBPEMEHHOTO penbedia paiioHa, OmMpecIICHBI
cTparurpauuecKue IOJIOKSHUSI POCCHIEBMEIIAIOIINX ME30-KAHHO30HCKUX OTJIOXKCHHH, M BBIICICHA IPOTHO3HASL
TUTOINAb ST IIOMCKA HOBBIX Ti-Zr MECTOPOKICHHH.
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