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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

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

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



bacpengakTtops
3. . 1., mpodeccop, KP ¥FA akanemuri
HN.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pegaxnous ankKacs

AbaxanoB T./. mpod. (KazakcTtan)

Abumesa 3.C. npod., akagemuk (Kazakcran)
Ara6exkosB B.E. akanemuxk (benapycs)

Aaues T. npod., akagemuk (O3ipOaiikan)
Bakupor A.B. mpod., (KsipreicTan)

Becnae X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpod., akagemuk (Kasakcran)
Byaar A.®. poo., akagemuk (YkpanHa)

I'anues U.H. ipod., akanemuk (ToxikcTaH)
I'paBuc P.M. npod. (AKLL)

Epranmues I'.K. npod., akanemuk (Kazakcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. nmpod., akanemuxk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuasos A.M. nipo., (Peceit)

Meney A.P. npod., akanemuk (Kazakcran)
Myxamexxanos M.A. nipod., kopp.-mymeci (KazakcTan)
HurmatoBa C.A. npod. (Kazakcran)

O3noeB C.M. nipod., akagemuk (Kazakcran)
Hocrosaruii B. npog., akanemux (Mosgosa)
Pakumes B.P. npod., akagemuk (KazakcraH)
CeiitoB H.C. ipoo., kopp.-myieci (KazakcTan)
CeiitmypaToBa 2.10. npod., kopp.-myieci (Kazakcran)
Crenanen B.I'. npod., (I'epmanms)

Xampepu JTx. . npod. (AKII)

Hreiinep M. npod. (I'epmanust)

«KP ¥F' A Xa6apaapbl. ['eosiorust MeH TEXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmrikrenymi: «Ka3akctan PecyOnikacsiHbH ¥ ATTHIK FRUIBIM akanemisice» PKB (Anmartsl K. ).

Kazakcran pecrnyOnuKkachiHBIH MoJIGHHET TeH akfapar MHHHUCTDIINiHIH AKHapaT j>KOHEe MyparaT KOMHUTETIHIE
30.04.2010 »x. oepinren Ne10892-7K mep3imIik 0aCbUIBIM TipKeyiHe KOWBLTY Typajibl KyalliK.

Mep3imainiri: XKbuTbiHa 6 peT.
Tupaxsr: 300 naHa.

Penaxiusaneig mekerxkaipl: 050010, Anmats K., [lleBuenko ker., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecrryOnukachiHbIH ¥ ATTHIK FRUTBIM akaneMusichl, 2019

Penaxmmsaein  Kazakcran, 050010, Anmars k., Kaban6aii 6ateipa kerr., 69a.
mekemkaiipl: K. W. CorOaeB aThIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

Tumnorpadususlg Mekerkaibl: «ApyHa» XK, Anmarsr k., MypatOaesa kemr., 75.

— 3 —



I'maBHBIH penakToOD
I. 9. H., ipodeccop, akanemuk HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO peAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHUH. HAYK
PenakuuoHHas KONNETr U

AbaxanoB T./l. mpod. (Kazaxcran)

Aoumesa 3.C. pod., akagemuk (Kazaxcran)
Ara6exoB B.E. akanemuk (benapych)

Aaues T. npod., akagemuk (AzepOaiimkaH)
Bakupos A.B. mpod., (Keipreizcran)

Becnae X.A. npod. (Kazaxcran)

Bummm6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpog., akagemuk (Kazaxcran)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. npoo., akanemuk (TamkuKucTan)
I'paBuc P.M. nipoo. (CILIA)

Epranmues I'.K. npod., akanemuk (Kazaxcran)
Kykos H.M. npoo. (Kazaxcran)

KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. npod., akanemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
KypuagoB A.M. nipod., (Poccus)

Meney A.P. npod., akanemuk (Kazaxcran)
MyxamenxanoB ML.A. ipod., ui.-kopp. (Kazaxcran)
HurmatoBa C.A. npod. (Kazaxcran)

O3noeB C.M. nipod., akagemuk (Kazaxcran)
MocTtoaaruii B. mpod., akanemuk (MosioBa)
Pakumes B.P. npod., akagemuk (Kazaxcran)
Centon H.C. nipod., uwn.-kopp. (Kazaxcran)
CeiitmypaToBa 3.10. nipod., un.-kopp. (Kazaxcran)
Crenanen B.I'. ipod., (I'epmanmst)

Xampepu Tx. . npod. (CLLIA)

ITeiinep M. npod. (I'epmanus)

«HM3BecTusi HAH PK. Cepusi reo/ioruu U TEXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CoOcrBenHuk: PecnyOnmkanckoe oOmiectBeHHoe oObeanHeHne «HamuwoHnaneHas axajgemus Hayk PecrmyOnuxu
Kazaxcran (r. AnMartsr)

CBHUIETENBCTBO O NOCTAHOBKE HA y4YeT IEPHOANYECKOro IedaTHOro u3nanus B Komurere mHpOpMaLuy U apXuBOB
MunucreperBa KyapTypbl 1 uHpopmarmn Pecrryonmkn Kazaxcran Ne10892-7K, sernannoe 30.04.2010 .

ITeproangaaOCTE: 6 pa3 B rof
Tupax: 300 sK3eMIUIApOB

Anpec pegakauu: 050010, T. Anmarsl, yiu. Llleuenko, 28, kom. 219, 220, Tten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecry6imkn Kazaxcran, 2019

Anpec penakuuu: Kazaxcran, 050010, r. Aimvartsr, yin. Kaban6aii 6ateipa, 69a.
Wnctutyt reonornueckux Hayk um. K. . CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpaduu: UIT «Apyna», r. Anmarsl, yin. Mypar6aesa, 75

— 4 —



Editor in chief
doctor of Economics, professor, academician of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., academician (Kazakhstan)
Agabekov V.Ye. academician (Belarus)

Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., academician (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)
Gravis R.M. prof. (USA)

Yergaliev G.K. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., academician (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)

Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)

Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2019

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



N E W S of the Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 2, Number 434 (2019), 6 — 14 https://doi.org/10.32014/2019.2518-170X.32

UDC 553.078; 551.3; 551.4; 551.87

Yertlek Suiekpayev', Yerzhan Sapargaliyev"?, Alla Dolgopolova®,
Reimar Seltmann®, Alexander Raspopov®, Galiya Bekenova®

'Serikbaev East Kazakhstan State Technical University (EKSTU), Kazakhstan,
’LLP “Altaiskiy Geologic-Ecological Institute”, JSC“NSTH Parasat”, Ust-Kamenogorsk, Kazakhstan,
’Natural History Museum, Earth Sciences Department, CERCAMS, London, U.K.,
*LLP “Mine Database Company”, Almaty, Kazakhstan,
°LLP “Institute of Geological Sciences of K.I. Satpaev”, Satpaev University, Almaty, Kazakhstan.
E-mail: y.suiekpayev(@gmail.com; er_sapar@mail.ru; a.dolgopolova@nhm.ac.uk;
r.seltmann@nhm.ac.uk; a.raspopov@minedatacompany.com; bekenova@mail.ru

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 area 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, area 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 paleo-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 (K,ma) — 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, 2ar) — 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 3090 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, Satpaev, 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.e., 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).
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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 areas and gentle slopes of the
ridges, there are almost flat areas that are remnants of an ancient peneplain. Along the left shore of the
Irtysh River, dune ridge sands with areas 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 area. The
following rock formations are observed in the stratigraphic section of the Middle Paleozoic: Takyr (Ds-
C,tk), Baysum (C,bs), Dalankar (C,dk), and Arkaul (C,v;) suites. The Upper Paleozoic formations in the
area are represented by the Maytyube (C,.3mt) 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 morphogenetic 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 areas of relative subsidence, led to the formation of
accumulative relief forms. According to leading relief factors, we can distinguish the lake, aeolian,
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 areas 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 subaerial 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
elevations in the range of 400-700 m, located within the coastal zone of the Zaysan paleo-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,
erosion 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.
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Annotanusi. Ti-Zr mamsipasabuiapeiH 0omkay (akTopiaapblH aHBIKTay MakcaTblHIa 3alicaH OMmaThl ayna-
HBIHBIH OpOrpadHsIIbIK KIHE TEOTOTHSIIBIK-TeOMOPQOIIOTHSIIBIK EPEKIICTIKTEPiH 3epTTey Ke31He, OJap/AblH TY311yl
yuriH Oenrini Oip Koslaiubl skaraaiiapplH 00ybl KaKeT eKeHAIrl aHbIKTanabl: Ti-Zr MarMaTHKajblK JKbIHBICTA-
PBIHBIH €pEKIIeIKTepre >KakplH OpHANacKaH cyOCTpaThl; KEH MHHEpaIJIapblH OocaTyFa oCEpiH THTi3eTiH, TepeH
XUMUSUIBIK, JKeJITe MY>KUTyJiep/ieH naiaa OoiraH KeIpThIcTap; Ti jkoHe Zr MHHEpaJIapblH TachIMajay, CYpbINTay
JKOHE KOHLIEHTpaLMsUIayFa apHaIFaH aJTIOBHTIK-IIPOIIOBHAIBIK-KeJI THIPOIMHAMUKAJIBIK IapTTap; IIalibIpaH bl
KeHIepAi 3aiicaH IManeo-KeJiHiH TPAaHCTPECCHCH! (Tacybl) JKOHE PerpecHischl (KaWTybl) Ke3iHAETi IMaibUIbIT Ke-
TyIE€H CAKTAWTBIH XEPTUTIKTI KYPBUTBIMIBIK EPEKIIeNIKTepaiH (TEKTOHHKANBIK OacmalgaKTapIblH ONBICTApIbIH)
6oxysl. 3alicaH OWMATHIHBIH COJNTYCTIK-0AThIC JKaKTayhl merinae MoiM 6osraH Ti-Zr KeH opeIHAApH! 3aiicaH majieo-
KeJiHIH )KaranayiblK aiimMarsiaaa, 400-700 M OMIKTIK TUAa30HBIHAAFB TETICTIKTE TeOMOP(OIIOTHSIIBIK KaThIHACTA
Q1ci3 OeIIIeKTeNTeH YCTIHT1 OeTTepae opHaTaCKaHIBIFBl aHBIKTANABL. AYIaHHBIH Ka3ipri 3aMaHFbl penbediHiH opo-
rpadUsUIbIK CXeMa KYPaCThIPhUIFaH, IIANIBIPAHIb OPHAIACKAH ME30-KalHO30MIIIK TY3UTIMACPAIH CTPaTUrpadpsUIbIK
OpHaJIacy JKarJaibl aHBIKTAJIFaH, JKoHe jkaHa Ti-Zr KeHOPBIHIAPBIH 13/1eY YIIiH O0JbKaM/Ibl ajlaH OedriHil OepiireH.

Tyiiin ce3mep: Ti-Zr yacak Tay >XbIHBICTAapbl, TETICTENIETIH CHIPTKBI OETTEp, TeOMOPQOIIOTUKAIIBIK ayAaH-
JacTelpy, 3aiican oimnatsl, [Isrpic KazakcTaH, ayurioBHaiibl KEH OpBIHAAPHI, aliMaK oporpaduschl, T€0J0TUsIIbIK-
reoMop(OJIOTHSUIIBIK TaJAay, Oapiay cUIaTTaMaiapsl.
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IIPOTHO3HASI OUEHKA Ti-Zr POQCBIHHOI7I METAJIJIOHOCHOCTH
ME30-KAMHO30UCKHUX OTJIO)KEHHU CEBEPO-3ATTATHOI'O OBPAMJIEHMSI
3ANCAHCKOMU BITAAUHBI B BOCTOYHOM KA3AXCTAHE

AnHorauusa. llpu u3ydeHmn oporpaduUecKkux U TeoJIOro-reoMOP(OIOTHIECKHX OCOOCHHOCTEH paiioHa
3alicaHCKOW BIAJIMHBI C LIENBIO BBISABICHUS (akTOpoB MporHosa Ti-Zr pocchlnedl ObUIO YCTAaHOBIIEHO, YTO JJIS MX
0o0pazoBaHusi HEOOXOIUMBI OIIpEJIeNICHHbIE OJIAroNpUsTHBIC YCIOBHS: OJIN3 PACIHOJIOKEHHBIH CyOCTpaT MarMmaTH-
yeckux nopoxa Ti-Zr crnenuanuzaiuu; cOpMUpOBaHHAs KOpa TIIyOOKOrO XMMHYECKOTO BBIBETPHBAHHMS, CIOCOO-
CTBOBABILIAsi BBICBOOOXKICHUIO PYAHBIX MHMHEPAJIOB; aJUTIOBHAJIBHO-IIPOJIIOBHAIBHO-03€PHBIE THIPOJMHAMHYECKHE
YCIIOBUS JUIsl TPAHCIIOPTHPOBKH, COPTUPOBKHM M KOHIEHTpaluyu MuHepaioB Ti u Zr; HaIMYME JIOKAJIbHBIX CTPYK-
TYPHBIX OCOOCHHOCTEH (TEKTOHMYECKHX CTYIEHEW, MyJbJ), MPEJOXPAaHUBIINE POCCHINNA OT Pa3MblBa B MEPUOJBI
TPAHCTPECCHU U PErpecCHd Maiieoo3epa 3akicaH. Y CTAHOBIICHO, YTO M3BECTHBIC Ti-Zr MECTOPOXACHUS B MIpeaerax
ceBepo-3amagHoro odpamieHust 3aiicaHCKOil BHAaAWHBI B T€OMOPQOIOTHYECKOM OTHOIICHHUH JIOKAIHM3YIOTCS B
MOJIOTOCKIIOHHBIX, cTab0opacwiIeHEHHBIX MIOBEPXHOCTSIX BEIpaBHUBAHMA B Anana3oHe BEICOT 400-700 M, B OeperoBoit
30He maneoosepa 3aicaH. IlocTpoeHa oporpaduyeckas cxema COBPEMEHHOro penbeda paiioHa, ONpeneIeHbI
cTpaTturpaduuecKue MOJOKEHUSI POCCHINEBMEIIAIOIINX ME30-KalHO30MCKUX OTIOKCHUH, W BBIAEIEHA IIPOTHO3HAS
MJIOMIAAb JUTSI IOMCKA HOBBIX Ti-Zr MeCTOPOXKICHUH.
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