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MINERALOGY AND GEOCHEMISTRY OF THE SHUBARKOL DEPOSIT
JURASSIC COALS

Abstract. This article studies mineralogy of Jurassic coals of the Shubarkol deposit using the method
of scanning electron microscopy (SEM-EDX) Hitachi S-3400N that was used at the Uranium Geology
International Innovation-scientific Education Center of the Tomsk Polytechnic University Department of
Geoecology and Geochemistry. In the course of study, maps of the metal distribution of metals were built in
the QGIS program, the content of which was obtained by instrumental neutron activation analysis (INAA)
at the nuclear geochemical laboratory of the Department of Geoecology and Geochemistry of National
Research Tomsk Polytechnic University (TPU) (analyst A.F. Sudyko). The choice of this object of study was
determined by the tasks of research that included studying the regularities of the abnormal concentrations of
metals accumulation, the geological environment various factors effect on the levels of their accumulation in
coals, as well as the conditions of their concentration and forms in coals. The samples for the study were taken
by the channel sampling in the Central and Western sections of the field, as well as by the core method in
the Eastern section. According to the results of scanning microscopy, the only scandium-containing mineral
particle of complex Si-Al-Ca-Zr-Sc-Ti-O composition (~ 0.66 % Sc) was established. Mineral inclusions of
complex composition (Al-Si-Zr-K-Ca-Sc-Ti) with the presence of its analogue Zr in coals were identified,
as well as the presence of small grains of zircon and titanium oxides that could be considered as the main
concentrators of zirconium and hafnium. The correlation analysis of Nb and Ta in the coals and coal-bearing
rocks of the Shubarkol deposit showed a significant correlation between the elements, the highest significant
correlation was found with Zr, Hf, Th, Sc and rare earth elements. Celestine was identified as the main
mineral form of strontium in the coals of the Shubarkol deposit; Sr-barite was also found that was probably
formed during the coals oxidation. Minerals are predominantly of authigenic origin.

Key words: coal, mineralogy, geochemistry, Shubarkol, scandium, hafnium, niobium, coal seams.

Introduction. Mass-scale studies of trace elements in coal deposits and basins of all the continents carried
out over the past few decades have shown [1-3] that coals are the concentrators of many valuable metals
including rare and scattered ones; this has led to the fact that coal is used not only as a fuel and energy raw
material but also as a promising source of a large group of rare, scattered and noble metals [2-5]. The most
complete sets of elements are characteristic, which are found in the coals of almost every coal basin, of any
genetic type and age, brown and black ones [1-7]. The differences are mainly determined by the tectonic
position of the coal basin or deposit in a particular metallogenic province, the concentration of the local
geochemical background [8]. One of such striking examples is the Shubarkol deposit consists in that the
composition of coals is diverse, they contain various impurity elements and rare metals. Studies have shown
[1] that the deposit contains significant contents of Ba, Sr, U, Th, Rb, Fe, Co, Ce, Zr, Zn and Sc. Studying the
distribution of trace elements in coals and the forms of their occurrence can provide important information
for understanding in what environment of coal formation they appeared, as well as what syngenetic and
epigenetic processes they are associated with [9]. Minerals in coals are usually formed due to the input
of terrigenous material, ground and sea water, fallout of volcanic ash, and intrusion of igneous rocks [9,
10]. Some researchers point out [2, 11, 12] that igneous rocks and hydrothermal fluids are among the main
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geological factors that can cause increasing the content of REE and trace elements in coals. Most studies
have shown that carbonate minerals are often present in thermally exposed coals and are possibly formed of
volcanic hydrothermal solutions that have entered the coal and deposited in cracks [11, 12, 13].

Characteristic of the object of study. The object of study is the Shubarkol coal deposit. It was formed in
the inherited depression of folded areas formed on the Sarysu-Teniz uplift. The basin of the field developed
over ancient sedimentary complexes that are part of the structural framework of the Caledonian accretionary-
folded areas confined to the central part of the Sarysu-Teniz uplift or fault-shear zone, a large tectonic structure
of the Western part of the Central Asian orogenic belt (CAOB). The deposit is a gently sloping asymmetric
sub-latitudinal trough filled with Lower Jurassic continental deposits, in the section of which there are three
coal horizons (Upper, Middle and Lower) of complex structure with the total working thickness of 5.0 to 47.0
m. The deposits are represented by fine and coarse-grained sandstones, siltstones, mudstones, loamy rocks
and coals. Mudstones, siltstones and coals predominate over all the rocks.

Methods of study. In total, 25 samples of Jurassic coals and mudstone were taken from the Shubarkol
deposit using the channel and core sampling methods. Samples of the Central and Western sections were
taken by the gross method, the sampling interval was kept within 15-35 m. The rocks of the western wing of
the Central section were sampled by the point method. The rocks of the Eastern section were sampled by the
core method, the sampling interval was kept within 5-20 m. Using the primary samples, 1 cm*1 cm briquettes
were made for scanning electron microscopy, which were used to study and to determine the morphology
and the composition of minerals. The forms of occurrence of minerals in coal samples were investigated
using SEM-EDX. The geochemical content of coals was determined by the method of instrumental neutron
activation analysis (INAA) at the nuclear geochemical laboratory of the Department of Geoecology and
Geochemistry of National Research Tomsk Polytechnic University (TPU) (analyst A.F. Sudyko).

Results of study and their discussion. Based on the results of the scanning microscopic analysis,
various mineral impurities were found in the composition of the Shubarkol deposit coals. These are mainly
aluminosilicates, sulfides and sulfates with inclusions of microparticles of rare and rare earth elements, and
the results of instrumental neutron activation analysis revealed anomalous concentrations of Sc, Ta, Nb, Hf,
Zr, Ba, Sr, Ce and REE. The forms of occurrence of minerals and geochemistry of some metals abnormally
contained in coals were studied. Scandium. Sc-rich minerals are rarely found in abnormally Sc-containing
coals [14]. This study revealed unidentified minerals of complex Si-Al-Ca-Zr-Sc-Ti-O composition (~ 0.66
% Sc) (Figure 1). These materials are isolated authigenic mineral formations, but their contribution is rather
small and does not contain the total amount of Sc determined in the samples, especially in the abnormally
Sc-containing coals. Figure 2 shows the map of the Sc distribution in the coals of the Central and Western
sections of the Shubarkol deposit. When constructing the map for the correct assessment of the nature of the
element distribution, anomalous contents of the element in the Eastern section were excluded.

Due to the fact that in the coals subjected to weathering at the Shubarkol deposit, according to the results
of laboratory studies, high concentrations of impurity elements have been revealed, it makes sense to consider
the behavior of scandium during the organic matter oxidation. This phenomenon can be observed on the
example of the Eastern section of the Shubarkol field.

e
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Increasing the content of scandium in coal within the oxidation zone was found in the studied local area
of the field along wells No. 1, 2, 3 (Figure 3a).
Figure 1. Unidentified complex (Si—Al-Ca—Zr—Sc-Ti—O) composition minerals.

From the graph it follows that the Sc content is higher in oxidized coals, where the mass fraction of
organic matter is lower. Possibly, under oxidation conditions, scandium was released from the organic matter
of coal followed by its secondary concentrating.
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Figure 2. The map of Sc distribution in the coals of Central and Western sections of the Shubarkol deposit

40 7Scin coal, g/t .
y=35.1159x+0.307

" R?=0.9237
50 4 a) 30
404 | - b)

w===_S¢ content, g/t 20 *
30 == (M mass fraction, % pS é
5014 1.0 1 . (4
Sc inash* ...

10 T L 1 O.U T T T 1
well 1 well 2 well 3 00 02 o 06 08

Figure 3. The graph of Sc content, organic mass (OM) fraction in oxidized coals of the Eastern section
(a); correlation graph of the Sc content in coal, in coal ash (obtained by recalculation) (b)

The conditions for accumulation of high concentrations of scandium in coals are poorly studied, and at
present there are no clear ideas on this issue. The available information is very fragmentary, often contradictory
and does not give a clear picture of the factors responsible for anomalous concentrations accumulation. There
is no clear idea of the forms of scandium concentration. The average content of scandium in terms of ash
from the Shubarkol deposit is 90 g/t, and in coal-bearing rocks 2226 g/t. Accumulation of such high metal
concentrations is hardly possible only due to the clastogene matter. It is obvious that other processes of
element concentration also took place there.

The syngenetic accumulation of scandium in the composition of the clastogene matter has been established;
there is no doubt of the mineral substance of coals role in the concentration of scandium. This is evidenced by
the direct correlation dependence of its content in coal on its content in coal ash (Figure 3b).

In high-ash but scandium-poor coals the fraction of the clastogene component is higher, and in metal-rich
low-ash coals it is lower. Some part of mineral impurities in the process of peat formation in the aggressive
environment of the peat bog is destroyed, new minerals are formed, mainly carbonates, sulfides and kaolinite,
but in general, the role of clastic material in scandium the accumulation is quite significant. In the case when
coals with low levels of metal accumulation characterized by the normal or increased ash content are studied,
as clastogene scandium predominates a rule. In those cases when coal enriched with it is considered, the
proportion of the clastogene part is significantly reduced and the role of scandium associated with the organic
part of the coal increases.

Epigenetic accumulation of scandium in the coals of the Shubarkol deposit is possible but it is distributed
only in the Eastern section of the deposit, since oxidized weathered coals are predominantly distributed in
this area. An example of epigenetic accumulation is the data of the scandium behavior during weathering and
oxidation of coal seams (Table 1).

Table 1. Sc average content in the Shubarkol deposit coals, g/t

Element | In unoxidized |In oxidized |In oxidized Clarke |Inrock Clarke for
coals coals weathered coals | for coal * |interlayers |sedimentary
rocks**
Sc 1.37 8.3 25.5 4 289.49 9.6

*-acc. to Ya.R. Yudovich, M.P. Ketris, 2005; **- acc. to N.A. Grigoryev, 2003

25




NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

Hafnium and zirconium. Hafnium and zirconium have very similar chemical properties. Hafnium does
not have its own minerals; however, it is a constant companion of zirconium in all its minerals, since it has
a close ionic radius (Zr 0.74, Hf 0.75). Hafnium is a geochemical analogue of zirconium; therefore, it is
assumed that zircon and baddeleyite are also carriers of haftnhium [14, 15].

The factors affecting the zirconium concentration in coal seams are not yet fully known. However, according
to [15], the main supplier of zirconium to the coal seam is considered to be terrigenous and volcanogenic
solid material rather than aqueous solutions. As for zirconium, the factor of Hf accumulation in coals can be
the erosion of alkaline rocks in the sources of drift. An important factor in Hf accumulation in coals could
be pyroclastics and the discharge of carbon dioxide thermal waters with an increased content of zirconium
and hafnium into the peat bog (or into coal seams). If the Zr/Hf ratio in coals is lower than their clarke in
sedimentary rocks, then it can be argued that hafnium could accumulate in coals rather than its geochemical
analogue Zr [15].

Figure 4 shows the nature of the relationship between the levels of zirconium and hafnium accumulation
in coals and coal-bearing rocks. On the Zr/Hf diagram of the ratio for coals (Figure 4a), there is a weak
correlation, which indicates different levels of accumulation and sources of these elements input in coals,
however, on the Zr/Hf diagram, the ratios for coal-bearing rocks (Figure 4b) there is a high correlation
between the elements accumulation, which is explained by the sorption capacity of the mudstones containing
Shubarkol coals [16]. According to [16], where there were studied samples of coal and carbonaceous rocks, it
was revealed that carbonaceous rocks had the highest sorption capacity, which exceeded that of coals.

In the Shubarkol deposit coals hafnium is distributed unevenly and has an average content below the
clarke. The average content in unoxidized coals of the Central and Western sections is 0.362 g/t. However, its
maximum concentrations in the coals of the deposit are confined to the Central section of the deposit (Figure
5).

When studying the Shubarkol deposit coals on a scanning electron microscope, no mineral phases with the
presence of Hf have been found, however, there are mineral inclusions of a complex composition (Al-Si-Zr-
K-Ca-Sc-Ti) with the presence of its analogue Zr in coals (Figure 6a), as well as the presence of small grains
of zircon and titanium oxides (Figure 6b), which can be considered as the main concentrators of zirconium
and hafnium. A high content of zirconium in the coals and a low ash content of the coals of the Shubarkol
deposit suggest the authigenic nature of these minerals [2].
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Figure 4. Zirconium to hafnium ratio in coals (a) and coal-bearing rocks (b) of the Shubarkol deposit

Figure 5. The map of the Hf distribution in the coals of Central and Western sections of
the Shubarkol deposit

Electron microscopic studies of coal and coal-bearing rocks have shown the presence of small grains of
zircon and titanium oxides, which can be considered as the main concentrators of zirconium and hafnium.
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a)

Figure 6. Mineral inclusions of complex (Al-Si-Zr-K-Ca-Sc-Ti) composition (a);
titanium oxide with Zr inclusions (b)

The correlation analysis indicates a high significant positive relationship in Hf coals with La, Sc, Ta,
Nd, Cs, and Tb and other lithophylic rare metals. This allows assuming accumulation of a significant part
of hafnium not due to the clastogene substance but its sorption concentration from aqueous solutions and
possibly, biogenic accumulation.

Niobium and tantalum. Niobium and tantalum in endogenous formations are considered together because
they are a geochemically related pair of elements. According to [15], the average niobium content in coals in
the world is 4.0 g/t, in coal ash 22 g/t.

Tantalum is a geochemical analogue of niobium but with an order of magnitude lower clarke. Its poor
knowledge is caused by analytical methods of determination, nevertheless, due to the introduction of INAA
and mass spectrometry into practice, more data of tantalum have been obtained at present. Its average content
in coal in the world is 0.30 g/t, in coal ash 2.0 g/t, according to [15].

The average tantalum content in unoxidized coals of the Shubarkol deposit estimated according to INAA
data is 0.06 g/t.

The distribution of tantalum in coal-bearing deposits is very uneven. The correlation analysis of Nb and
Ta in the coals and coal-bearing rocks of the Shubarkol deposit (Figure 7) showed a significant correlation
between the elements (0.6 and 0.7, respectively). The highest significant relationship was also found with
Zr, Hf, Th, Sc and rare earth elements. The correlation analysis indicates the accumulation of the bulk of
elements in heavy accessory minerals.

When studying the Shubarkol deposit coals using an electron microscope, the micromineral forms of Nb
and Ta were not found, which is probably due to the limited capabilities of the method used.
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Figure 7. Niobium to tantalum ratio in coals (a) and coal-bearing rocks (b) of the Shubarkol deposit

Thus, the studies carried out and the literature analysis show that the concentration of tantalum and niobium
in coals is due to both their accumulation in the clastogene matter and their concentration in the organic mass
of coal. Abnormal concentrations are of the chemogenic-sorption nature. Tantalum and niobium concentrated
in organic matter can be present in it both in sorbed form and in the form of finely dispersed minerals phases.
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b)

Figure 8. Titanite (sphene) particle (a); native tungsten particle (b)

The condition for sorption accumulation in coals is the introduction of metals by ground or surface waters.
Coal enrichment with tantalum and niobium is possible due to their partial leaching from coal-bearing rocks.

Other impurity elements and their mineral forms. It should also be noted that there are other mineral
phases in the coals of the Shubarkol deposit discovered during the studies. For example, Figure 8a shows
titanite (CaO-TiO,-Si0,). In the samples of oxidized coal, particles of native tungsten were revealed; in
general, all the grains have an irregular shape (Figure 8b). Together with strontium sulfate in the sample,
barite particles are most often encountered (Figure 9a). Barite crystals have a tabular appearance. The barium
content is several times higher (1173.7 g/t) than the clarke value, which in turn is 150£20 g/t [15].

According to [15], the average strontium content for bituminous coals is estimated at 12010 g/t. In the
studied coals, the strontium content is above the limit (689.3 g/t) of detection by neutron activation analysis,
and electron microscopic studies have revealed several mineral phases containing strontium.

It was mainly found in the composition of strontium sulfates (Sr-S-O, presumably celestine) and iron
oxides (Figure 9b).

Celestine grains were found in weathered coal seams, but the concentration in mudstones was several
times higher than in coals.

The form of the precipitates is diverse, from irregular microinclusions (~ 2 um) to well-faceted crystals
~ 6 um in size. The average selenium content in coal in the world is 1.0+0.15 g/t, in the weathered coals of
the Shubarkol deposit the selenium concentration shows a near-clarke value. Most often it occurs together
with copper and iron sulfides or aluminosilicate accumulations (Figure 10a, b). Tymmanite is the mineral of
selenium accumulation in the form of small grains.
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Figure 9. Celestine SrSO, particles with Ba inclusions (a); celestine particles with Ba inclusions (b)
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Conclusion. The results obtained indicate that the coal mineralogy of the Shubarkol deposit is diverse.
Scandium is not characterized by its own mineral forms. The only scandium-containing mineral particle of
complex composition Si-Al-Ca-Zr-Sc-Ti-O (~ 0.66% Sc) was identified. The irregular shape and complex
composition of the mineral particle suggests its authigenic formation.

When studying the Shubarkol coals on a scanning electron microscope, no mineral phases with the
presence of Hf were found, however, there were mineral inclusions of a complex (Al-Si-Zr-K-Ca-Sc-Ti)
composition with the presence of its analogue Zr in coals, as well as the presence of small grains of zircon
and titanium oxides that which could be considered as the main concentrators of zirconium and hafnium. A
high content of zirconium in

Figure 10. Copper sulfides with Se inclusion (a); aluminosilicates with tymmanite inclusion HgSe (b)
the coals and a low ash content of the coals of the Shubarkol deposit suggest the authigenic nature of these
minerals.

The correlation analysis of Nb and Ta in coals and coal-bearing rocks of the Shubarkol deposit showed a
significant correlation of elements (0.6 and 0.7, respectively), the highest significant correlation was found
with Zr, Hf, Th, Sc and rare earth elements. The correlation analysis indicated accumulation of the bulk of
elements in heavy accessory minerals. An impurity of zirconium was found in the Sc-containing grain of
complex composition.

Celestine was identified as the main mineral form of strontium in the coals of the Shubarkol deposit;
Sr-barite was also found. It was probably formed during the coal oxidation. Both minerals are authigenic
in origin. Studies of this kind are of very important practical interest, since various methods are used in the
world practice aimed at extracting valuable elements of impurities.

This research was funded by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan (Grant No. AP08052608).
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IIYBAPKOJI KEH OPHBIHIATBI IOPA KOMIPIHIH MUHEPAJIOT'USACHI 7)KOHE
IF'EOXUMMUSCBI

AnHoTtanus. byn makanana lllyOapkesn keH OpHBIHAAFBI F0pa Ke3eHIHIH KoMipJepiHiH MUHEepaJIoTHsChIHA,
TIIY-mare1r [eodkomormst JkoHe TeoxuMHUs KadeapachlHa KapacThl, «YpaH Teonormsacedy X3FBO-ma
Kypriziiren ckanepieymi snekrponasl Mukpockonus (SEM-EDX) Hitachi S-3400N ogicin maiinanana
OTHIPBIN 3epTTey KYyprizuimi. 3eprrey OapwichiHga QGIS OarmapiaMachkl apKbUIbl METAAAPABIH Tapany
Kapranapsl xacanasl (Tangaymsl A.D. Cynpiko). OHarsl KypaMabIK aknaparrap TOMCK YITTBIK 3epTTey
nojuTexHUKaNbIK yHuBepcuTeTiHIH (TIIY) reoskonorus xoHE TEOXUMHs Ka(eIpachiHbIH sPOJIbIK-
TCOXUMUSUTBIK 3€pTXaHACHIHIA aCMaNThIK HEUTPOHIBIK-aKTUBANMSUIBIK Tannay (MHAA) omiciMeH aibIiHFaH.
3epTTey OOBEKTICIH TaHmay, OJapAarbl METaIIapAblH KaJbINTaH THIC KOHIEHTPAIUSCHIHBIH KHHAKTAITY
3aHJIBLUIBIKTAPBIH, T€OJIOTUSIIBIK OPTAHBIH SPTYPIi (haKTOPIIaphIHBIH KOMIp/IE KUHAKTAITY JACHIeHiHe dcepiH,
COHJIali-aK OHBIH NIOFBIPJIaHy MApTTapbl MEH KeMip e 0011y hopMaliapbiH 3epTTEy MiHACTTEPIMEH aHBIKTAJIJIbI.
3eprTey yuIiH chlHamaiap keH opHbIHBIH OpTanblk jkoHe barbic ydackenepinge OOpo3JaiblK ChIHaAManay
omicimeH, conmaii-ak IIsIFeIC yaackenepinae KepHIIK TOCUIMEH almbIHAbl. CKaHepiiey MUKPOCKOMIISICBIHBIH
HOTIDKeNnepl OoifprHma, Kypraem kypamasl Si-Al-Ca-Zr-Sc-Ti-O (~0,66% Sc) xypamblHAa ckaHauid Oap
YKAJIFBI3 MUHEpaIIbl OeeK aHbIKTanapl. KeMipme Tarsl Oip Kypzeni KypamIbl MUHEpalIbl KOCBIHIbIIA
(Al-Si-Zr-K-Ca-Sc-Ti) Zr aHanmorsl aHBIKTaJNJbl, COHBIMEH Karap IUPKOHWNA MEH Ta(HHUIIH Heri3ri
KOHIICHTPATOPJIAPbl PETiHJE KapacThIpyFa OOJaThIH YCaK [UPKOH TYHIpJiepl MEH THTaH OKCUATCPIHIH
keszecyi Oaiikanapl. 1lly0apken KeH OpHBIHBIH KOMIpi MEH KOMIp CHIMBICTBIPYILBI KBIHBICTAPBIHAAFBI Nb
KoHe Ta KOppeNsAIUsIIBIK Talaaybl dJIEMEHTTEPIIH MAHBI3IBI KOPPEIAIUSIIBIK OalIaHBICEIH KOPCETTI, Zf,
Hf, Th, Sc xoHe cuperkep dIEMEHTTEpPIMEH €H >KOFapbl MaHBI3ILI OalmaHbic OopHATHUIABL. LllyGapken
KEH OPHBIHBIH KOMIPiH/Ie CTPOHIMAAIH HETi3Ti MHHEpAIJbl TYpPi PeTiHAe — IeNeCTHH, COHai-aK KOMIpAiH
TOTBIFY TIpolLeciHzae maiaa OomraH Sr-OapuT TaObUIIBL. MuHEpangapAbIH Kapalybl HETi3iHeH ayTUreHi
00JIBIN TAOBUTAEI.

Tyiiinai ce3mep: kemip, muHepanorus, reoxumus, LllyOGapkes, ckanmuii, radpuuid, HUOOHH, KeOMIp
KabaTTapsl.
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MUHEPAJIOT YA U TEOXUMMSI FOPCKUX YIVIEM MECTOPOXKIEHUS IIIYBAPKOJIb

AnHoTauus. B maHHO# cTaThe M3ydaeTcs MUHEPAIOTHs IOPCKUX yried mectopoxkacHus llybapkois
C WCIOJB30BaHWEM MeEToJa CKaHUpyromed anmekTpoHHoW Mukpockomuu (SEM-EDX) Hitachi S-3400N,
kotopas nmpoBoamiack B MUHOL] «YpanoBas reonorusi» npu kadeape reoskonoruu u reoxumuu TITY. B
XO0JI€ UCCIIEIOBAHUS TOCTPOEHBI KAPTHI paclpeieneHns MeTamuioB B mporpamme QGIS, coneprxanust KOTOPBIX
MOJTY4YeHO METOIOM HMHCTPYMEHTAJIbHOrO HeHTpoHHO-akTHBanuoHHOTO aHanu3a (MHAA) B snpepHo-
TEOXMMHUYECKOH J1a00paTopuu Kadeapbl Fe€0dKOJIOTHH U TeOXUMHUHM HalMoHaIbHOTO HCCIeNoBaTebCKOTO
Tomckoro nmomurexundeckoro yausepcurera (TI1Y) (anamutuk A.®. Cynpiko). Beibop nanaoro o0bexTa
M3y4YEHUS ONPEIEIAICS 3afa9aMU UCCIIEOBaHUN, BKIIIOYAIOIIMMH U3y4YEeHUE 3aKOHOMEPHOCTEH HAKOTIIICHH S B
HUX aHOMAJIbHBIX KOHLIEHTPALMH METAJIOB, BIMSHUS PA3JIUUHBIX (DAKTOPOB I€OJIOTNUECKON Cpeibl HAa YPOBHU
HaKOIUICHHS MX B YIJISIX, & TAKXKE YCIIOBHI €r0 KOHIEHTPUPOBaHUs U (popM HaxokaeHus B yrsix. 1IpoOsr mist
HCCIeIOBaHuUs ObUTH B3ATHI OOPO3Z0OBBIM cllocoOoM onpoOoBaHust Ha LleHTpanbHBIX U 3anagHbIX y4acTKax
MECTOPOXK/ICHUS, a TAK)KE KePHOBBIM criocoboMm Ha Boctounom. [1o mosydeHHbIM pe3yssraTaM CKaHHPYIOLIeH
MUKPOCKOTIH YCTaHOBJICHA EAMHCTBEHHAs CKaHINHCoAepIKaIias MUHepaTbHas YacTHIIA CIIOKHOTO COCTaBa
Si-Al-Ca-Zr-Sc-Ti-O (~0,66 % Sc). Beinenensl MuHepaibHbIE BKIFOYEHHUS CIOKHOTO cocTaBa (Al-Si-Zr-K-
Ca-Sc-Ti) c mpucyTcTBUEM €ro aHajiora Zr B yriisiX, a Takoke 00Hapy>KEHO HAJIMYKE MEJIKUX 3epeH LIUPKOHA
1 OKCHJOB THTaHAa, KOTOPBIE MOTYT paccMaTpHBaThCs B KAu€CTBE OCHOBHBIX KOHIIEHTPATOPOB HUPKOHMS
u rapuus. Koppemsunonusiii ananu3 Nb u Ta B ymisx u ymieBMemaromux nopoaax llly6apkonbckoro
MECTOPOX/ICHHUS TOKa3al 3HAYUMYIO KOPPEISIIIMOHHYIO CBSI3b AJIEMEHTOB, HambOoliee BBICOKas 3HaYMMast
cBs13b ycranosieHa ¢ Zr, Hf, Th, Sc u peaxo3emMenbHBIMEU dJIeMEHTaMH. B kadecTBe TIaBHOW MUHEPATBLHOM
¢dopMbl cTpoHIMS B yIIax MectopokaeHus lllyOapkonb yCTaHOBIEH LENECTHH, Takxke OoOHapyxeH Srt-
Oaput, 00pa30BaBIIMICS, BEPOATHO, B POLIECCE OKUCIICHUS yriied. MuHepasbl IPeMMYIIECTBEHHO UMEIOT
ayTUT€HHOE TPOUCXOKICHHE.

KiroueBble ciioBa: yronb, MuHepanorusi, reoxumus, LLlybapkons, ckannuii, ragHuii, HIOOUH, yroibHbIC
TJTaCTHI.

Information of the authors:

Amangeldykyzy Altynai — PhD student of Karaganda Technical University, Master in Science of
Engineering, specialty Geology and Exploration of Mineral Resources, Karaganda, Republic of Kazakhstan;
amangeldykyzy@inbox.ru; https.//orcid.org/0000-0002-6665-8804;

Kopobayeva Aiman Nygmetovna — PhD, senior lecturer of the Department of Geology and Exploration
of Mineral Resources, Karaganda Technical University, Karaganda, Republic of Kazakhstan; aiman_25.87@
mail.ru; https://orcid.org/0000-0002-0601-9365,

Bakyt Aigerim — master student of the Department of Geology and Exploration of Mineral Resources,
Karaganda Technical University, Karaganda, Republic of Kazakhstan; b_aigerim 98@mail.ru; https://orcid.
org/0000-0003-0661-310X;

Ozhigin Dmitry Sergeyevich — PhD, senior lecturer of the Department of Mine Surveying and Geodesy,
Karaganda Technical University, Karaganda, Republic of Kazakhstan; ozhigin.dima@mail.ru; https://orcid.
org/0000-0002-2443-3068;

Blyalova Gulim Galymzhanovna — Master in Science of Engineering, specialty Geology and Exploration
of Mineral Resources, Karaganda Technical University, Karaganda, Republic of Kazakhstan; krg_gulim@
mail.ru; https://orcid.org/0000-0001-8801-8683.

REFERENCES

1. Parafilov V.., Amangeldikyzy A., Portnov V.S., Kopobayeva A.N., Maussymbayeva A.D. (2020)
Geochemical specialization of the Shubarkol deposit coals. Naukovyi Visnyk Natsionalnoho Hirnychoho
Universytetu. Vol. 5. P. 5-10. https://doi.org/10.33271/nvngu/2020-5/005.

2. Arbuzov S.I., Volostnov A.V., Ershov V.V., (2008) Geohimiya i metallonosnost uglei Krasnoyarskogo
kraya [Geochemistry and metal-bearing of coals in Krasnoyarsk region]. STT. P 270-2809.

30



ISSN 2224-5278 Series of Geology and Technical Sciences 5. 2021

10.

I1.

12.

13.

14.

15.

16.

17.

Arbuzov S.1., Volostnov A.V., Mashenkin V.S., Mezhibor A.M. (2014) Scandium in the coals of Northern
Asia (Siberia, Russian Far East, Mongolia, Kazakhstan). Russian Geology and Geophysics. Vol. 55(11).
P. 1649-1660.

Seredin V.V., Dai Sh. (2001) Coal deposits as potential alternative sources for lanthanides and yttrium.
Int. J. Coal Geol., Vol. 94, P. 67-93.

Arbuzov S.I., Ershov V.V. (2007) Geohimiya redkih elementov v uglyah Sibiri [Geochemistry of rare
elements in Siberian coals]. D_Print. P. 46-56.

Finkelman R.B., Dai Sh., French D. (2019) The importance of minerals in coal as the hosts of chemical
elements. International Journal of Coal Geology. Vol. 212. P. 93-110. https://doi.org/10.1016/].
coal.2019.103251.

Hower J.C., Berti D., Hochella Jr M.F., Rimmer S.M., Taulbee D.N. (2018) Submicron-scale mineralogy
of lithotypes and the implications for trace element associations. International Journal of Coal Geology.
Vol. 192. P. 73-82. https://doi.org/10.1016/j.coal.2018.04.006.

Kalashnik A.A. (2012) Rol tektonicheskogo faktora pri formirovanii ekzogenno infiltracionnih
mestorojdenii urana v Bugsko Dneprovskoi uranovorudnoi oblasti Ukrainskogo schita [The role of the
tectonic factor in the formation of exogenous-infiltration uranium deposits in the Bugsko - Dneprovskaya
uranium ore region of the Ukrainian]. Nauchnii vestnik NGU [Scientific Bulletin of NSU]. Vol.4. P. 36-
43,

Dai Sh., Ji D., Ward C.R., French D., Hower J.C., Yan X., Wei Q. (2018) Mississippian anthracites in
Guangxi Province, southern China: Petrological, mineralogical, and rare earth element evidence for high-
temperature solutions. Int. J. Coal Geol. Vol. 197. P. 84-114.

Permana A.K., Ward C.R., Li Z., Gurba L.W. (2013) Distribution and origin of minerals in high-rank
coals of the South Walker Creek area, Bowen Basin, Australia. Int. J. Coal Geol. Vol.116. P. 185-207.
Dai Sh., Zou J., Jiang Y., Ward C.R., Wang X., Li T., Xue W., Liu S., Tian H., Sun X., Zhou D. (2012)
Mineralogical and geochemical compositions of the Pennsylvanian coal in the Adaohai Mine, Daqingshan
Coalfield, Inner Mongolia, China: Modes of occurrence and origin of diaspore, gorceixite, and ammonian
illite. Int. J. Coal Geol. Vol. 94. P.250-270.

Finkelman R.B., Bostick N.H., Dulong F.T., Senftle F.E., Thorpe A.N., (1998). Influence of an igneous
intrusion on the inorganic geochemistry of a bituminous coal from pitkin county, colorado. Int. J. Coal
Geol. Vol.36. P. 223-241.

Vorobiev A.E., Mozolkova A.V. (2007) Mineral’nye vklyucheniya ugol’nykh plastov: formy
nakhozhdeniya I osnovnye sposoby rastvoreniya [Mineral inclusions of coal seams: forms of occurrence
and main methods of dissolution]. Nauki o Zemle I smezhnye ekologicheskie nauki [Earth sciences and
related environmental sciences]. Vol.10. p. 141-142.

Ilyenok S.S., Arbuzov S.I. (2016) Mineralnie formi redkih elementov v uglyah i zolah uglei Azeiskogo
mestorojdeniya Irkutskogo ugolnogo basseina [Mineral forms of rare elements in coals and ashes of coals
of the Azeyskoye deposit of the Irkutsk coal basin]. Izvestiya Tomskogo politehnicheskogo universiteta.
Injiniring georesursov [Proceedings of the Tomsk Polytechnic University. Georesource engineering].
Vol. 327(2). P. 6-20.

Yudovich Ya.E., Ketris M.P. (2016) Cennie elementi_primesi v uglyah. [Valuable elements-impurities
in coals]. UrORAN [The Urals Division of the Russian Acad. Sci], Vol. 2. P. 257-303. https://doi.
org/10.23681/434651.

Novoselov M.M., Seredin V.V., Shpirt M.Ya. Sorbciya cirkoniya na uglyah [Sorption of zirconium on
coals]. Himiya tverdogo topliva [Solid Fuel Chemistry]. Vol. 1. P. 78-81.

Yermagambet B.T., Nurgaliyev N.U., Maslov N.A. Abylgazina L.D., Syzdykova A.A. (2020) Effect
of electrophysical impact on the physical and chemical characteristics of coal ash from the Maikuben
deposit. News of the national academy of sciences of the Republic of Kazakhstan series of geology and
technical sciences. Vol 1(439). P.38-47. https.//doi.org/10.32014/2020.2518-170X.5.

31



MA3MYHBI-COAEP KAHUE-CONTENTS

Abuova R.Zh., Ten E.B., Burshukova G.A.

STUDY OF VIBRATION PROPERTIES OF CERAMIC-METAL NANOSTRUCTURAL
TIN-CU COATINGS WITH DIFFERENT COPPER CONTENT 7 AND 14 AT. % ON
CHROMIUM-NICKEL-VANADIUM STEELS ...ttt e 6

Abetov A., Kudaibergenova S.
INTEGRATED RESEARCH OF SUFFOSION AND KARST PROCESSES AT THE KOGCF
BY GEOLOGICAL AND GEOPHYSICAL AND GEODESIC METHODS.........ccccccceviininiinnnne 14

Amangeldykyzy A., Kopobayeva A.N., Bakyt A., Ozhigin D.S., Blyalova G.G.
MINERALOGY AND GEOCHEMISTRY OF THE SHUBARKOL DEPOSIT
JURASSIC COALS ...ttt s sttt 23

Dikanbayeva A.K., Auyeshov A.P., Satayev M.S., Arynov K.T., Yeskibayeva Ch.Z.
RESEARCHING OF SULFURIC ACID LEACHING OF MAGNESIUM FROM
SERPENTINES. ...ttt sttt eae 32

Duisen G.M., Aitzhanova D.A.
NATURAL RESOURCE POTENTIAL OF KAZAKHSTAN AND CENTRAL ASIAN

COUNTRIES: PROSPECTS OF USE......coiiiiiiiiiiiiieeeteeeeeeeeete et 39
Edygenov E.K., Vassin K.A.

ELECTROMAGNETIC VEHICLE WITH AUTOMATED CONTROL SYSTEM FOR

SURFACE MINING OPERATIONS . .....c.oooiiiiiiiiiieceeeee sttt 47

Ismailov B.A., Dossaliev K.S.
TECHNOLOGICAL REGULATIONS OF CONDITIONS IN PRODUCTION
OF FERTILIZER MIXTURES “ZHAMB-707......ooi ittt 54

Issagaliyeva A.K., Istekova S.A., Aliakbar M.M.
GEOPHYSICAL DATA COMPLEX INTERPRETATION TECHNIQUES FOR STUDIES
OF THE EARTH CRUST DEEP HORIZONS IN THE NORTH CASPIAN REGION.................. 61

Mekhtiyev A.D., Soldatov A.l., Neshina Y.G., Alkina A.D., Madi P.Sh.
THE WORKING ROOF ROCK MASSIF DISPLACEMENT CONTROL SYSTEM................... 68

Mustafayev Zh.S., Kozykeeva A.T., Tursynbayev N.A., Kireychev L.V.

APPLIED MODEL OF ENVIRONMENTAL SERVICES - DEVELOPMENT OF ECOLOGICAL
AND ECONOMIC DRAINAGE SYSTEM OF TRANSBOUNDARY RIVER BASINS

(on the example of the Talas river Basin)..........cccoviiiieiiiiiiiiie e 77

Petr Hajek, Baimaganbetov R.S.
GEOSTABILIZATION OF ECOLOGICAL EQUILIBRIUM AS A RESULT
OF FOREST FIRES ..ottt sttt 84

Salikhov N.M., Pak G.D., Shepetov A.L., Zhukov V.V., Seifullina B.B.
HARDWARE-SOFTWARE COMPLEX FOR THE TELLURIC CURRENT INVESTIGATION
IN A SEISMICALLY HAZARDOUS REGION OF ZAILIYSKY ALATAU.....ccccoeeevviieeeeenee. 94



Saukhimov A.A., Ceylan O., Baimakhanov O.D., Shokolakova Sh.K.
REDUCING POWER AND VOLTAGE LOSSES IN ELECTRIC NETWORKS OF OIL
FIELDS USING THE MOTH FLAME OPTIMIZATION ALGORITHM..........ccccoevvvvveiieiieinnn, 103

Soltanbekova K.A., Assilbekov B.K., Zolotukhin A.B., Akasheva Zh.K., Bolysbek D.A.
RESULTS OF LABORATORY STUDIES OF ACID TREATMENT OF
LOW-PERMEABILITY ROCK CORES.......ooii ettt vee e e e e 113

Surimbayev B., Bolotova L., Shalgymbayev S., Razhan E.
RESEARCH OF THE COMPLEX STAGE-BY-STAGE SCHEME OF GRAVITY
SEPARATION OF GOLD ORE.......ccocoiiiiiiiiiiiiiiieicceeseee ettt 124

Temirbekov N.M., Los V.L., Baigereyev D.R., Temirbekova L.N.

MODULE OF THE GEOINFORMATION SYSTEM FOR ANALYSIS OF GEOCHEMICAL
FIELDS BASED ON MATHEMATICAL MODELING AND DIGITAL PREDICTION
IMETHODS . ...t e e e e e e e e ettt e e e ettt e e e e eeeaaeeeeeeeareeeeeeetaaeeeeaaaes 137

Tileuberdi N., Zholtayev G.ZH., Abdeli D. Zh., Ozdoev S.M.
INVESTIGATION OF DRAINAGE MECHANISM OF OIL FROM PORES OF
OIL SATURATED ROCKS USING NITROGEN AT THE LABORATORY CONDITION........ 146

Tleulesov A.K., Suyundikov M.M., Shomanova Zh.K., Akramov M.B., Suiindik N.M.
ASSESSMENT OF QUALITATIVE AND QUANTITATIVE ELEMENTAL

COMPOSITION OF WASTE IN THE TERRITORY OF SLUDGE COLLECTOR

OF PAVLODAR ALUMINIUM PLANT ..o 153

Turgumbayev J.J., Turgunbayev M.S.
PREDICTION OF THE CUTTING RESISTANCE FORCE OF THE SOIL CONTAINING
STONY FRACTIONS. ...ttt sttt sttt 161

Uakhitova B., Ramatullaeva L., Imangazin M., Taizhigitova M., Uakhitov R.
ON THE STATE OF INDUSTRIAL INJURIES OF WORKERS IN INDUSTRIAL
ENTERPRISES OF THE AKTUBINSK REGION.......cccoiiiiiiiiiie et 170

Sherov K.T., Sikhimbayev M.R., Absadykov B.N., Karsakova N.Zh. Myrzakhmet B.
METROLOGICAL ENSURING ACCURACY OF MEASUREMENT OF ANGLES

V-SHAPED SURFACES GUIDE PARTS OF MACHINES FOR PETROCHEMICAL

AND GEOLOGICAL EXPLORATION INDUSTRY......cccoectiiiiiiiiiiinieneceneeeeeeeereieenne 176



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.

[TpaBuna oopmiieHHs CTaThH ISl MyONHMKALMK B )KypHaJle CMOTPETh Ha calTax:

www:nauka-nanrk.kz

http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

Penaxroper: M.C. Axmemosa, A. Bomanxwizwi, /[.C. Anenos, PJK. Mpsabaesa
Bepctka na xommnetotepe 1./ /Kadwviparnosa

ITonnucano B mevars 15.08.2021.
®opmar 60x881/8. bymara odcernas. [leuars — puzorpad.
4,6 .. Tupax 300. 3akas 4.

Hayuonanvnas akademus nayx PK
050010, Anmamuwr, ya. Lllesyenxo, 28, m. 272-13-19



