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MINERALOGY AND STRUCTURAL MODEL OF THE WEATHERING
CRUST OF KUNDYBAY DEPOSIT (NORTH KAZAKHSTAN)

Abstract. Kyndybay deposit has a considerable potential for the mineral industry of Kazakhstan. Compre-
hensive study on mineralogy and distribution of rare earth minerals on the deposit were done to facilitate reasonable
use of resources. Around 2000 samples were collected across the study arca. The mineral and elemental composition
of ores was determined by the methods of ICP MS, X-ray crystallography and electron probe microanalysis. Light
rare carth elements constitute 46.85% of the reserves, whereas 53.15% is oxides of yttrium, medium and heavy
lanthanides. More than half (58.15%) of rare earths are concentrated in clay minerals. The average concentration of
rare earth minerals in the weathering crust of the deposit is 344.3 g/t. We constructed three dimensional and block
models of four ore bodies, set on the deposit. The lack of horizontal and vertical trend of mineral distribution among
ore bodies is explained by lithologic features of the deposit structure, namely uneven spread of amphibolites, gneiss
and shale. Nevertheless, particular ore bodies have concentration change of oxides of yttrium and rare earths.

Keywords: block model, weathering crust, rare carth elements, Kundybay deposit, oxide of yttrium, lithological
features.

Introduction. Exceptional conductive and magnetic properties of rare earth elements (REE) are the
main reasons of the application for electronic products [1, 2]. Moreover, rechargeable batteries, permanent
magnets, lamp phosphors and other REE containing materials enhance the transition to green economy |3,
4]. All listed are considered to be newer market, taking 41% of worldwide consumption of REE, whereas,
other 59% is used for metallurgy, catalyst and glass making [5]. The increasing global demand for REE
requires smart regulation of the manufacture from the producing countries.

Kazakhstan is one of fourteen Asian country that have rare earth deposits [6, 7]. Due to lack of com-
prehensive study on mineralization of Kazakhstan’s deposits, it has negative effects on REE manufacture
[8]. It is because Kundybay deposit has the regional importance for rare carth industry [9], we find it
necessary to monitor mineralization of the weathering crust of the deposit which determines mineral
composition of deposits that contributes in both studying past environmental changes and prediction of
future development of the industry. Natural contents of rare earth elements in weathering crust are highly
influenced by their weathering state, texture and forms [10-12]. Moreover, surface chemistry and complex
formation with organic and inorganic ligands control the distribution of REE [13].

Three dimensional (3D) modeling of deposit is important tool for quantitative and qualitative
assessment and prediction of mineral resources [14, 15]. The modeling combines geological, geochemical,
and geophysical data to delineate arcas of high economic potential at depth [16, 17]. The 3D model of
deposit leads to reasonable use of the resources in mining [18, 19]. We studied the mineralogy of Kundy-
bay deposit including REE distribution, fractionation and forms of occurrence. We paid special attention
on the construction of wire frame 3D modeling of the orebodies of the deposit. The use of 3D models
allows better understanding surface and subsurface geology, consequently ensuring effective mining of the
deposit.




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

Study area. The Kundybay deposit is located at Zhitikara district of Kostanai region in north
Kazakhstan (Figure 1). It was explored and known as a titanium reservoir until Niyazov et al. [20], who
discovered it as a source of rare earths [21-22]. Kundybay deposit is associated with Mesozoic weathering
crust of ancient metamorphic rocks of marine series. The ore area is localized along the western exocon-
tact of Shevchenkov serpentinite massif [23]. It is elongated strip, 21x2 km in size, which includes ore
sites [24]. Its structure involves (from bottom to top): 1) crystalline Precambrian rocks, 2) well-preserved
ore-bearing weathering crust, 10-70 m in depth, with a clearly defined "kaolin" profile, 3) clays and loams
of Paleogene-Neogene, 2-10 min depth. The weathering crust is zonal. Bottom leached bedrock changes to
entirely kaolinized formations, followed by unstructured kaolinite on top. Kaolinite is the most common
kaoline mineral, which is widely used in industry [25, 26].

The depth of each zone is 3-20 m. The composition of the zones depends on the degree of weathering
and the ratio of relic and newly formed minerals [10]. The relic minerals are feldspars, amphibole, mica,
quartz, garnet, graphite, piemontite, spessartite, tourmaline, rutile, ilmenite, sphene, titanomagnetite,
coulsonite. The newly-formed minerals are kaolin, limonite, gibbsite, goethite, hydromica, leucoxene,
rare-carth minerals [27, 23].
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Figure 1 — Geological map of the study area showing the sampling sites. 1 — Roads with major coverage; 2 — Dirt roads;
3 — Railway; 4 — Sample Location; 5 — Rivers: ((1) width of less than 300 m; (2) drying up; (3) the flow direction of the river)

Materials and methods. Four ore bodies were set on the deposit. They have an elongated shape in
the meridional direction, inheriting stretch of basement (Figure 2). The sampling sites were chosen so that
mineralogical and geochemical compositions approximated the average composition of the deposit.

1. We collected around 2000 samples across the study arca. We determined concentration of 35 ele-
ments including 15 REE (La, Ce, Pr, Nd, Sm, Eu, Y, Cd, Tb, Dy, Ho, Er, Tm, Yb, Lu), main elements of
titanium ore (Ti, Ta, Nb, Sn, W, Be), ore elements (Zn, Pb, Cu, Mo, As) and noble elements (Au, Ag, Pt)
by the method of ICP MS.

2. We applied the method of X-ray crystallography (Bruker, US) to determine mineral phases of
loose and granular samples.
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