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GEOCHEMICAL SPECIALIZATION OF THE SHUBARKOL DEPOSIT COALS

Purpose. Studying the distribution of impurity elements in the coals of the Shubarkol deposit to assess their geochemical spe-
cialization, as well as to forecast their industrial potential.

Methodology. The research methodology is based on the results of analytical studies carried out by the instrumental neutron
activation (INAA) method, as well as microscopic studies carried out on the basis of the nuclear-geochemical laboratory of the
Department of Geoecology and Geochemistry of National Research Tomsk Polytechnic University. These data became the basis
for establishing the patterns of distribution of impurity elements in coals.

Findings. It is found that the coals of the Shubarkol deposit are geochemically specialized in Ba, U, Au, Yb, Ba, Cd, La, Nd,
Ce, Zn, Sc, Sr, Zr. The weathered coals of the Eastern section of the deposit contain concentrations of Ce, Ba, Yb, U, Sc, Au that
are higher than those in the Central and Western sections and reach industrially significant amounts. Recommendations are given
for the extraction from the coals of uranium and rare-earth elements of the yttrium group having industrially significant contents.

Originality. Regularities of the impurity elements distribution using the methods of INAA and microscopy are established; the
potential of coals as an unconventional source of a number of chemical elements is determined, and the possibility of their complex
extraction is evaluated.

Practical value. It consists in substantiating the possibility of the integrated use of coal from the deposit, which ensures the

development of the country’s coal industry.

Keywords: coal, Shubarkol deposit, impurity elements, average contents, sedimentary rocks

Introduction. In Kazakhstan, more than 300 coal basins
and deposits are known. Unique coal resources require an in-
tegrated and scientifically based approach to their extraction.

Prediction of the metalliferous content of coal to identify
industrially significant concentrations of impurity elements is
one of the main tasks of coal geochemistry [1]. In assessing the
metal content, the decisive factor is extraction of toxic impu-
rity elements, the presence of which has an effect on mining
and their use.

The Shubarkol deposit is located in Central Kazakhstan in
the Karaganda region. The coals of the Shubarkol deposit
contain a wide range of impurity elements, but they have not
received a proper geochemical assessment.

According to previous studies [2], it has been found that it
is necessary to assess the reserves of the following elements in
coal: boron, vanadium, germanium, gold, copper, nickel,
mercury, lead, zinc. At the same time, the germanium content
in coal is characterized as the metal content in poor ores. The
Zr content ranges from 63 to 119 g/t; in the weathering zone,
this element amount increases markedly to 138 g/t of coal (Be-
lyaev and Pedash, 1989).

Location of the Shubarkol deposit in the tectonic struc-
tures of Central Kazakhstan. Central Kazakhstan covers the
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western part of the Ural-Mongolian folded belt, which is a
Paleozoic geosynclinal-folded region. The field is confined to
the central part of the Sarysu-Tengiz uplift of the block fold
zone, a large tectonic structure of the western part of Central
Kazakhstan. It is a gentle asymmetric trough of sub-latitudi-
nal strike made by the Lower Jurassic continental deposits, in
the context of which there are three coal levels of complex
structure with the total working thickness of 5.0 to 47.0 m. It
is superimposed on the Upper Paleozoic graben-synclinal of
the same name and has a saucer-shaped overall with an al-
most horizontal bottom and slightly inclined, sometimes
steep sides.

Terrigenous-carbonate sediments of the Upper Devonian
and Lower Carboniferous, terrigenous rocks of the Middle
Upper Carboniferous (Mesozoic deposits), as well as friable
Mesozoic weathering products and loose Cenozoic sediments
take part in the geological structure of the deposit.

The industrial coal content of the deposit is confined to
the lower part of the Jurassic sediment section and contains
three coal horizons: Upper, Middle, and Lower.

The Upper Coal Horizon is of greatest interest. It is ubiq-
uitous in the trough, is the most powerful, stable, has a rela-
tively simple structure and is accepted for open development.
Within its limits, the center of coal accumulation is clearly dis-
tinguished, where the horizon is a single monolithic deposit
with an episodically complicated structure in individual mine
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workings. In the center of coal accumulation, the horizon is
divided into two coal seams 2B and 1B.

Coals of the Shubarkul deposit belong to mixed type coals:
Claren, Duren and Claren-Duren type. Coals are composed
mainly of the remains of higher plants, to a lesser extent — of
lower ones. The remains of the resulting plants are represented
by stem and parenchymal tissues of shrub-herbal plants and
are resistant to decomposition by lipoid components — spores,
cuticles, resin bodies.

The deposit’s coals are distinguished by their low ash con-
tent, the presence of impurities of humic acids and rare ele-
ments, there are few such coals of the highest purity in nature
and this allows us to classify the coals of the deposit as unique.

According to studies carried out at the stage of detailed ex-
ploration of the deposit, the list of elements that are expedient
to extract includes: beryllium, vanadium, germanium, gold,
ytterbium, yttrium, cadmium, lanthanum, lithium, copper,
nickel, niobium, mercury, selenium, scandium, strontium,
zirconium, since their content is much higher than the clarke
one [2].

In order to assess geochemical specialization of coals of
the Shubarkol deposit and the industrial potential of impurity
elements in the composition of the coals, there has been car-
ried out an instrumental neutron activation analysis (INAA)
and microscopic studies.

Research Methodology. The analysis of samples taken at
the Shubarkol field was performed using the spot, gross and
core sampling methods. Samples of the Central and Western
sections were taken by the gross method; the sampling interval
was maintained within 15—35 m. The rocks of the western
wing of the Central section were tested using the spot method.
The rocks of the Eastern section were sampled using the core
method, the sampling interval was maintained within 5—20 m.
Compounds weighing 200 g were made of primary core sam-
ples, and the group composition of 25 samples from three sec-
tions of the field (Central, Western and Eastern) was studied.
The samples were studied by instrumental neutron activation
analysis (INAA) to determine the average contents of 28 ele-
ments: Sm, Ce, Ca, Lu, U, Th, Cr, Yb, Au, Hf, Ba, Sr, Nd,
As, Br, Cs, Ag, Tb, Sc, Rb, Fe, Zn, Ta, Co, Na, Eu, La, Sbin
the nuclear-geochemical laboratory of the Department of
Geoecology and Geochemistry of National Research Tomsk
Polytechnic University (TPU) (analyst A.F. Sudyko). The ir-
radiation of samples with the neutron flux was performed at
the research nuclear reactor IRT-T of the TPU Physical Tech-
nical Institute.

This method has a number of significant advantages in
analyzing coal and carbonaceous rocks in comparison with
other methods (Gluskoter, et al., 1977; Ruch, et al., 1977; Go-
fen, et al., 1985; Rikhvanov, et al., 1994; Kizilstein, 2002 and
others). The methods of neutron activation analysis are suc-
cessfully used with the same standard reference samples (SRS)
for coal, as well as for coal ash and carbon-bearing rocks. This
allows determining the content of chemical elements by one
method in various samples, in a wide range (from # x 10 to
n x 10 %). The absence of chemical sample preparation
eliminates errors caused by the introduction or removal of ele-
ments together with reagents. Crushing and abrasion of sam-
ples is needed only to standardize the process of weighing and
packaging samples before irradiation. Since the analytical sig-
nal is taken from the nuclei of chemical elements, the physical
and chemical state of the sample does not affect the result of
the analysis. The effect of changes in the sample matrix com-
position is determined only by interfering and neutron absorb-
ing elements. It should be noted that carbon and organic com-
pounds in the sample contribute to the improvement of the
analysis parameters: they increase accuracy and reduce the
limits of detection.

Studying the mineral forms of elements in coals using a
Hitachi S-3400N scanning electron microscope (SEM) was
carried out at the Uranium Geology Institute at the Depart-

ment of Geoecology and Geochemistry of TPU. This method
allows identifying and visualizing the mineral forms of micron
and nanometer dimensions, as well as determining their ele-
mental composition.

Results. Mineral impurities of all three levels are mainly
represented by the pelitomorphic material, which is mainly
confined to attritic areas. There are separate lenses of clay sub-
stance. Quite often pyrite is found that fills cracks and is pres-
ent in the form of oolites confined to a gelified substance. In all
types of coal, single semi-rounded quartz grains are uniformly
distributed in the organic matter.

In the coals of the strata of the Upper and Lower levels, the
presence of interlayers saturated with siderite spherulites is
characteristic, as a result of which the coals acquire the granu-
lar structure. Films of gypsum and kaolinite are noted along
the fractures of the formation; calcite filling the cell strips of
plant tissues is very rare. The layers of the Upper level are
characterized by an unusual mineral association, which pres-
ents loose, easily rubbed in the hands oolites ranging in size
from 2 to 30 mm, dark brown. Small oolites, confined mainly
to semi-brilliant lithotypes of coal, are located in peculiar cav-
erns or leaching voids. They are a pelitomorphic mixture of
pyrite, quartz and the amorphous part related to organic mat-
ter. Larger oolites, sometimes assembled into splices, are a
mixture of organics with fibrous gypsum, in one case, and a
weakly cemented organic matter, in the other case. Organics in
oolites are mainly represented by gelified matter, less often by
small fragments of fusainite and semifusainites. Among the
randomly located organics in the gelified substance, circular
formations are noted, which are obviously represented by the
contents of sporongia. In these formations, the spores are ar-
ranged in clear concentric rows, in some cases these rows are
somewhat disturbed, the disturbed layer is pushed away from
the center, and the spores are distant from each other.

According to the results of the analysis by the INAA meth-
od, the average contents of impurity elements in the samples
taken in the Eastern section (Fig. 4) are significantly different
from the average contents in the samples of the Central and
Western sections (Figs. 2, 3). The obtained average contents of
impurity elements in the coals of the Central section have pre-
dominantly near-clarke values (Table 1, Fig. 1), only some ele-
ments (Ce, Ba, Sr, Sc, Zn) in individual samples have average
contents above the clarke, which is not typical for coals of the
Eastern section (Fig. 4).

According to the data obtained, the coals of the Central
section are characterized by an almost uniform distribution of
impurity elements within the studied formations, where their
average contents do not exceed clarke values. However, there
are some excesses of clarke contents of Ba, Sr, Ce, Zn b Sc in
single samples.

Below there are graphs of distribution of impurity elements
in the coals of the Western section over the 2B (Fig. 2) and 1B
(Fig. 3) seams.

The average element contents are calculated separately for
each seam. These results were obtained from coal samples
taken in accordance with the accepted standards [3].

It follows from the graph that: a) the content of some litho-
philic elements (Ba, Sb) in the Central section is significantly
higher compared to the Western section; b) the average con-
tents of almost all of the elements under study in the unoxi-
dized coals of the 1B2 and 2B seams of the Central section are
close, which allows concluding that the impurity elements are
evenly distributed; c) in the Western section, significantly
higher contents of siderophilic (Fe, Co) and chalcophilic (Zn)
elements are noted than in the Central in both seams; d) the
Rb content of the 2B seam (3.71 and 1.48 g/t) is overestimated
(2 times compared with the clarke); d) the contents of Sm, Ce,
Ca, Cs, U, Th, Cr, Hf, Nd, Br, Tb, Sc, Na, Eu, La are equal
or close.

In weathered coals from the zone with a high content of
uranium in the Eastern section, the concentrations of all the
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Table 1

The average content of impurity elements in the coals of the Central section

Element | Sample Sample Sample Sample Sample Sample | Sample | Sample Sample Sample Clarke
No.2 No.3 No.4 No.5 No.7 No.10 No.11 No.12 No.13 No.19 for coal
Sm 0.391 0.560 0.688 1.019 0.733 0.414 0.256 0.451 0.782 0.965 1.6
Ce 6.92 8.17 12.83 16.93 10.58 7.02 4.65 8.81 12.52 14.31 11.5
Ca 0.133 0.127 0.159 0.275 0.194 0.121 0.126 0.158 0.214 0.248 1
Lu 0.058 0.048 0.056 0.118 0.083 0.065 0.048 0.058 0.093 0.108 0.07
u 0.192 0.220 0.342 0.728 0.499 0.256 0.143 0.216 0.524 0.577 1.9
Th 0.485 0.516 0.683 1.955 1.083 0.539 0.430 0.409 1.452 1.579 35
Cr 2.29 2.40 5.29 7.06 4.39 2.01 3.61 1.79 4.87 5.45 17
Yb 0.430 0.372 0.485 0.849 0.649 0.506 0.362 0.483 0.737 0.779 0.8
Au 0.006 <0.002 <0.002 0.001 <0.002 <0.002 | <0.002 | <0.002 <0.002 <0.002 0.002
Hf 0.205 0.161 0.344 1.140 0.542 0.273 0.171 0.217 0.596 0.915 0.1-0.3
Ba 81.7 57.5 174.8 170.9 165.7 359 60.1 297.4 170.7 148.0 130
Sr 21.5 17.8 89.4 73.2 79.2 29.9 <40 102.4 78.9 45.6 76
Nd 3.134 2.999 4.900 6.474 3.762 3.151 2.013 5.467 5.030 6.438 30
As 2.016 0.980 1.010 1.197 1.249 1.724 1.133 1.363 1.521 1.453 9
Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.4
Br 0.992 2.136 0.789 1.198 0.941 0.832 1.052 1.012 0.876 0.713 5-15
Cs 0.002 0.513 0.246 1.473 0.593 0.330 0.074 0.100 0.753 1.233 0.4-2
Tb 0.048 0.084 0.070 0.183 0.107 0.066 0.039 0.082 0.080 0.169 0.3
Sc 0.976 0.679 1.299 3.367 1.947 1.009 0.714 1.204 2.158 2.979 3
Rb <3 1.47 0.87 8.68 3.17 1.72 0.23 <3 4.24 9.29 18
Fe 0.298 0.183 0.110 0.266 0.105 0.174 0.141 0.181 0.211 0.224 1
Zn 12.01 45.32 34.31 14.95 17.62 12.17 12.55 10.09 11.76 8.09 29
Ta <0.01 0.021 <0.01 0.080 0.130 0.030 <0.01 <0.01 <0.01 0.099 0.3
Co 4.30 3.55 1.34 2.82 1.36 3.62 1.03 1.13 1.96 2.40 6.9
Na 0.060 0.073 0.059 0.071 0.064 0.048 0.058 0.066 0.063 0.060 0.02
Eu 0.063 0.091 0.125 0.249 0.128 0.079 0.041 0.091 0.171 0.217 0.7
La 1.654 2.192 2.835 4.933 2.916 2.087 1.358 2.630 3.536 4.448 10
Sb 0.061 0.073 0.107 0.174 0.158 0.096 0.083 0.091 0.183 0.132 1

* Semi-bold are the average values exceeding the clarke
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Fig. 1. Distribution of impurity elements in the coal of a 1B
seam in the Central section
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Fig. 2. Graph of distribution of impurity elements in the coal of
a 2B formation in the Western section

rare and rare-earth elements are significantly (5—10 times)
higher than in unoxidized coals of the Central and Western
sections.

With weathering, in coals the content of humic acids,
which are a natural filter for heavy metals due to the addition
of metal ions to the free radicals of humic acids, increases sig-
nificantly (about 1.5—2 times).
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Fig. 3. Graph of distribution of impurity elements in the coal of
the formation 1B of the Western section
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Fig. 4. Graph of distribution of impurity elements in the coals of
the Eastern section along the wells 1, 2, 3, g/t

The samples of the Eastern section of the Shubarkol field
were taken from the core of wells drilled in the region of the
radioactive anomaly, where an increased content of heavy ele-
ments is assumed together with uranium [2]. The data ob-
tained from the research results confirmed the presence of
high contents of not only heavy elements but light ones as well,
such as Ca, Cr, Sc, Na. The average content of elements in
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coals exceeds the clarke values from one to hundreds of times
(Fig. 4), thereby reaching industrially significant values (Ce,
Yb, Ba, Sr, Rb,Co, U, Zn, La, Nd).

The presence in the coals of impurity elements having in-
dustrially significant contents is noted in many coal basins and
deposits in the world. To assess the potential metal content of
the deposit, geochemical specialization of sedimentary rocks
was applied, where the chemical composition of the feeding
provinces was probably the most important in controlling the
composition of sedimentary rocks. The composition of the
province’s rocks is a function of the geodynamic setting of its
formation. Weathering conditions also contribute to the geo-
chemical features of sedimentary rocks, and in some cases
when studying the latter it is possible to identify geochemical
characteristics associated with this particular factor.

Significant changes in the chemistry of rocks can occur
during the transfer and sorption of metals by sedimentary par-
ticles: some impurity elements are concentrated in the clay
component and in the fraction of heavy minerals with the cor-
responding depletion of the substantially quartz fraction. This
fact is confirmed by high concentrations of impurity elements
in the argillite sample taken in the contact zone with coal. Be-
low there is a comparative graph (Fig. 5) that shows the aver-
age contents of impurity elements in coals and in the argillite
sample of the Eastern section and the clarke values for these
elements (Nd, As, Ag, Br, Sb according to R.L.Rudnick,
S.Gao (2003), the others according to I. V. Glukhan, V.I. Se-
rykh (2000)).

From the graph in Fig. 5, it follows that many elements in
the mudstone (Sm, Ce, U, Cr, Yb, Ba, Sr, Nd, As, Sc, Zn, Eu,
La) have average values higher than those in coals of the same
section, and also have values that are higher that the clarke
ones.

There is distinguished geochemical specialization of the
first and second types (Smyslov, 1979). Geochemical special-
ization of the first type makes it possible to determine the cir-
cle of elements that were accumulated in coals in quantities
that determine the geochemical background of the element.
These include not all the elements that determine geochemical
specialization of the framing rocks but only carbonaceous ele-
ments that are able to concentrate in large quantities in coal
[5].

Volcanic and plutonic complexes surrounding the Shubar-
kol deposit are predominantly represented by potassium tra-
chidacites, alkaline-feldspar rhyolites, Kalinar granosyenites,
andesites, Kalinar granodiorites, quartz diorites, leucogranites
and other rocks of volcanic and plutonic accumulations [6] of
level Sc, Cr, Fe, Au), individual chalcophiles (Zn, Sb, As,), as
well as Eu and U and low contents of most other lithophilic
elements as a whole, emphasizing geochemical specialization
of coal deposits.

Specialization of the second type indicates the presence of
potential industrial contents of elements and is estimated by
the method of A. A. Smyslov, where it is determined by com-
paring the average contents of elements in coals with their av-
erage contents in the earth’s crust [7]. Specialization of the
second type for coals of the Shubarkol deposit was estimated
as the ratio of the average contents of elements in coals to re-
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Fig. 5. Graph of the distribution of impurity elements in coals,
mudstones of the Eastern section of the Shubarkol deposit

gional clarke values calculated by I.V. Glukhan, V.I. Serykh,
which clearly correlate with the world clarke values (Vinogra-
dov, 1962; Taylor, McLennan, 1985); at this there are distin-
guished features of the chemical composition of the studied
region rocks [8]. These clarke values (Glukhan, Serykh, 2003)
are used in various geochemical and metallogenic studies, as
well as in the interpretation of geophysical research data.

The radiogeochemical typing of coal was carried out ac-
cording to the Th/U ratio, which made it possible to isolate
radio geochemical fields with a disturbed ratio of radioactive
elements. The first field is characterized by coals in which a
high content of thorium and an average value of uranium with
a Th/U value of 3.0—2.0. The second field is characterized by
a high content of thorium and a low value of uranium at a
Th/U value in the range of 2.0—1.0. The third field is due to
the high uranium content and low thorium content and has a
Th/U value of 1.0—0.1.

In the weathered coals of the Shubarkol deposit, uranium
concentrations exceed 1000 g/t, which leads to the need for
special disposal or deactivation of weathered coals. At the
same time, the uranium content in weathered coals corre-
sponds to the content in poor uranium ores, while uranium
will be associated with the main useful component — coal. In
this case, it becomes advisable to assess the fundamental pos-
sibilities for the extraction of uranium as an associated compo-
nent.

Microscopic studies carried out on a scanning electron
microscope (SEM) Hitachi S-3400N show the presence of
mineral inclusions of various compositions. These are inclu-
sions of barite (BaSO,), which has angular grains of irregular
shape in the form of plates by cleavage (Figs. 6, a, a’), as well
as inclusions of sphalerite (Figs. 6, b, b').

Conclusions. Today, as a result of the increasing demands
of the modern market, interest has arisen in associated metals
concentrated in coal, in particular rare (including rare-earth)
ones. Their highest concentrations are most often localized in
weathering crusts, which fully applies to coals.

The second (but at the same time the most widely used
and studied) direction of using oxidized coals today is the pro-
duction of non-fuel products.

The presence in the coals of the deposit of chemical ele-
ments and compounds needed for industry involves the search
for ways to use them comprehensively. For this, it is necessary
to evaluate the coal reserves together with the assessment of
impurity elements, to identify the regular relationships be-
tween the coal characteristics including dressability and qual-
ity of the dressing products [9—11]. The coals of the Shubarkol
deposit are specialized in Ba, U, V, Ge, Au, Yb, Cd, La, Li,
Cu, Ni, Nb, Hg, Se, Sc, Sr, Zr. This type of coal specialization
is consistent with the general geochemical features of the re-
gion’s volcanogenic and plutonogenic formations. A high
contrast of anomalies of impurity elements allows predicting
the formation of coal seams with industrially significant con-
tents of Ce, Ba, Yb, U, Sc, Au.

With modern technologies, it is quite possible to develop
an economically viable production of extracting impurity ele-
ments from coal. The most promising ones for the Shubarkol
field are U, Sc, Ba, Yb.

Of the whole spectrum of rare metals analyzed in the
weathered coals of the Shubarkol deposit, uranium and rare-
earth metals are of the greatest industrial interest. The urani-
um content corresponds to ordinary deposits, in rare-earth
metals the ores are also ordinary but with high contents of
metals of the yttrium group. The remaining rare metals char-
acterized by high contents in oxidized coal, are not of practical
interest at present, since cost-effective technologies of their
extraction from coal have not been developed yet and the de-
mand for them is fully provided by ores from deposits of tradi-
tional geological and industrial types.

The increased radioactivity of weathered coals limits their
use due to the danger of environmental consequences and
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a — inclusion of barite; a' — spectrogram; b — inclusion of sphalerite; b' — spectrogram

therefore requires the extraction of uranium before further
processing of coal. The most appropriate technology of ex-
tracting uranium from coal is heap leaching.

The traditional trend of dressing weathered coal in urani-
um and rare-earth metals, the burning of weathered coal to-
gether with normal coals seems to be inappropriate, since low-
temperature combustion, which is needed for the concentra-
tion of uranium in the ash, decreases the energy output: coal is
not burnt and rare earth metals are partly removed in the gas
phase. During high-temperature combustion, rare-earth met-
als are concentrated in ashes and slag but possibly a part of
uranium will be lost: released into the atmosphere forming an
anthropogenic source of radioactive contamination.

Laboratory experiments on leaching uranium and rare-
earth metals carried out by the Institute of Mineralogy, Geo-
chemistry, and Crystal Chemistry of Rare Elements (FGBI
IMGRE, 2019) showed a low yield of metals in an alkaline
solution in a possible process of producing sodium and potas-
sium humates.

Thus, in order to minimize the negative impact on the en-
vironment, it is advisable to focus on leaching uranium and
rare-earth metals from weathered coals as a process that allows
deactivating ore before transferring it for further processing,
thermal or chemical.
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I'eoximiuna cneniajizamiss Byrijis
IIIy6apKobChbKOro poaoBuINa
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Meta. BuBUYeHHS pO3IOAiNY €1eMEHTIB-IOMIIIIOK Y BY-
riuti popoBuia Illy6apkoib sl OLIHKM iX TeoXiMiuHOiL
crenianizauii, a TaKoX MPOrHO3Y X MPOMUCIOBOTO MOTEH-
iany.

Metonuka. Meroauka 10CTiKeHb 0a3yEThCsI HA Pe3yJib-
Tarax aHaJiTUYHUX JOCJiIXEeHb, MPOBEIEHUX iHCTPYMEH-
TajqbHO-HeUTpoHHO-akTuBaliiHuit (IHAA) meronom, a Ta-
KOX MIKPOCKOMIYHUX HOCHiIKEHb, TPOBEACHUX Ha 0a3i
SIIEPHO-TEOXIMIUHOT Jlaboparopii Kadeapu reoekosorii Ta
reoximii HationansHoro nocninHuiibkoro ToMcbkoro modi-
TexHiyHoro yHiBepcurety. Lli nani Oynu nokianeHi B OCHOBY
JIJISI BCTAHOBJIEHHST 3aKOHOMIPHOCTEM pO3IOAiTy eJIEeMEHTIB-
JIOMIIIIOK Y BYTiJLIi.

Pesyabratun. BcraHoBieHo, 1o Byriuisg LlyGapkonb-
CbKOTO POJOBUIIA TEOXUMUYHO crenianizoBaHe Ha Ba, U,
Au, Yb, Ba, Cd, La, Nd, Ce, Zn, Sc, Sr, Zr. BuBerpee Byriji-
J1s1 CXimHOTO OiISTHKM pOAOBHIIA MiCTUTh KOHLIeHTpalii Ce,
Ba, Yb, U, Sc. Au Buiue, Hixk Byriis LleHTpanbHoi Ta 3axi-
HOI AUISTHOK 1 JocsITa€ piBHSI TPOMUCIIOBO 3HaUMMux. Hanani
pEeKOMEHALlii 00 BUJTyYEeHHSI 3 BYTUJLISI POJOBUILA ypaHy i
pioKO3eMeNIbHUX €JIEeMEHTIB ITTPUEBOI TPyMNu, IO MalOTh
MPOMUCIIOBO 3HAYMMUIA 3MiCT.

HaykoBa HOBM3HA. BCTaHOBIIEHI 3aKOHOMIPHOCTI poO3-
MOy €JIeMEHTiB-AOMIIlIOK i3 BUKOPMCTAaHHSIM METOMiB
ITHAA it MikpocKoTlii, BU3HaU€HO MOTeHIIial BYTiLIS SIK He-
TpaJAMLiAHOrO JiXepeaa psay XiMiYHUX €JIEMEHTiB-JI0Mi-
110K, a TAKOX OI[iHEeHa MOXJIUBICTh iX KOMIUIEKCHOTO BU-
JIy4EeHHS.

IIpakTyna 3nayumicTs. [lossirae B OOrpyHTYBaHHI MOX-
JIMBOCTI KOMILJIEKCHOTO BUKOPUCTAHHS BYTULIS PONOBMUIIIA,
110 3a0e3Meyye PO3BUTOK BYTJIbHOI raly3i KpaiHu.

KirouoBi caoBa: gyeinisa, podosuwe lllybapkons, eremen-
mu-domiwku, cepedri emicmy, 0cadosi nopoou
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Iens. M3yueHue pacripenesieHUs 2JIeMeHTOB-TIpUMeceid
B yrisix MectopoxkaeHust LIlybapkonb nj1st OlleHKU WX TeOXU-
MHUYECKOH CTIeIMan3alii, a TakKe ITPOrHO3a WX TTPOMBIIII-
JIEHHOTO MOTeHIIMaNA.

Meroauka. MeTonnKa MCCIIeNOBaHUI 6a3upyeTcsT Ha pe-
3yJbTaTaX aHATUTUYECKUX UCCIIEOBAHUIA, TPOBEIEHHBIX UH-
CTPYMEHTaJIbHO-HEUTPOHHO-akTUBAaMOHHBIM (MHAA) wme-
TOJIOM, a TaK¥e MUKPOCKOIMYECKUX UCCIENOBaHU, TIPOBE-
JIEHHBIX Ha 0a3e siIepHO-TeOXUMUYECKOH JJabopaTopun Kagde-
JIPBI TEOIKOJIOTMY U reoxuMun HaimoHnansHOTO MccienoBa-
TEJILCKOr0 TOMCKOTO TIOJIUTEXHUIECKOTO YHUBEPCUTETa. DTH
JaHHbIE OBbUTM TTOJIOXEHBI B OCHOBY JIS1 YCTAHOBJIEHUS 3aKO-
HOMEPHOCTE! pacIipenesieHusT 2JIEeMEHTOB-TIPUMeCel B YIJISIX.

Pesyabratel. YcraHoieHo, uyto yrmm Lllybapkoibckoro
MECTOPOXIEHNST TeOXMMUYECKU CTIeMaM3upoBaHbl Ha Ba, U,
Au, Yb, Ba, Cd, La, Nd, Ce,Zn, Sc, Sr, Zr. BoiBeTpesibie yriu
BocTouHoro yyactka MecTOpOXIEHUST comepXaT KOHIIEHTpa-
uuu Ce, Ba, Yb, U, Sc. Au Bbiiie, yem ym LieHTpanbHOro u
3amnaaHoro y9aCTKOB M TOCTUTAIOT YPOBHS IPOMBIIIITIEHHO 3HA-
YUMBIX. JJaHBI peKOMEHIALIMY 10 U3BJIEYEHUIO U3 YIJIEH MECTO-
POXIEHUsT ypaHa U PENKO3eMEJIbHBIX 2JIEMEHTOB UTTPUEBON
TPYTIINbI, UMEIOLINX POMBILIIEHHO 3HAYMMBbIE COIEPXKAHUSI.

Hayuynas HoBU3HA. YCTaHOBJIEHBI 3aKOHOMEPHOCTHU pac-
MpeesieHNs] 2J1eMEHTOB-TIPUMeceil ¢ UCIOJIb30BaHUEM Me-
tonoB MHAA u MuKpockonnu, oripeesieH MoTeHIa yriiei
KaK HEeTPaJAMIIMOHHOTO UCTOYHUKA DSINa XMMHUYECKUX dJe-
MEHTOB-TIPUMECEH, a TAKXKe OlleHeHa BO3MOXKHOCTb X KOM-
MJIEKCHOTO U3BJICYEHUSI.

IIpakTuyeckas 3HAYUMOCTb. 3aKIIIOYAeTCsS B 0OOCHOBA-
HMM BO3MOXHOCTHU KOMIUIEKCHOTO HCITOJIb30BaHUS Yriei
MECTOPOXKIEHUsI, OOECIeunBaIOIIero pa3BUTHUE YTOJIHHOM
OTpacyii CTPaHBI.

KmoueBbie ciaoBa: yeons, mecmopoycdenue Illybaprons,
NeMeHmbl-NPUMeCU, CpeoHuUe cO0epICanUsl, 0cadouHble NOPoObL
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