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ABSTRACT

It is the first completed complex mineralogical and geological research of REE (Y, La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) in the coals of Karaganda coal basin in Central Kazakhstan.
This paper presents the results of the research of REE (from lanthanum to lutetium and Y)
distribution in 85 samples of coal and clayey interlayers of stratum k7 of Karaganda coal basin in
the faces of Saranskaya, T.Kuzembayev, Aktasskaya mines. The ultimate composition of clayey
interlayer and coal samples was analyzed by the methods of inductively coupled plasma optical
emission spectroscopy and inductively coupled plasma mass spectrometry (ICP-OES and ICP-MS).
Research of the lateral and vertical discontinuity of the total REE concentration has indicated the

presence of mixed types of REE distribution in coals, which supposes various forms of REE
migration and different mobility of heavy and light lanthanides within the hypergenesis zone.
The established lanthanum-ytterbium (La/Yb) ratio in the coal, which is normalized to UCC and
equals La/Yb<1, relates to the coals with H type of REE distribution, and the one that equals
La/Yb>1 and normalized to chondrite belongs to the coals with L type of REE distribution, which
allows making conclusions on the presence of independent sources and different mechanisms of
REE accumulation in the sediments of Karaganda coal basin. It is also established that the La/Yb
ratio grows from coals to clayey interlayers, which indicates a predominantly clastogenic
mechanism of REE input to the coals. The prevailing mineral form of the REE in the coal and
clayey interlayer samples from the Karaganda coal basin is light lanthanide phosphates. Sparry
crystals with CeLaNdPO composition were found in the coal and clayey interlayer samples. It was
established that xenotime is the main deportment for Y in many coals.

Keywords: coal, clayey interlayer, Central Kazakhstan, Karaganda coal basin, rare earth
elements, average content.
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Introduction

The growing demand for rare earth elements in
the global market encourages many countries to
search for alternative REE sources. In such
countries as the USA, China and a range of other
countries, the average content of all rare earth
elements has already been estimated in the world
coals [[1], [2]]. Coal and coal processing products

have become an alternative for finding and
extracting REE.

The main sources of REE are granite weathering
crusts, carbonatite deposits and coastal-marine
placers. In addition to traditional raw materials
sources of lanthanides, metalliferous coals are also
considered potentially promising [[3], [4]]. The
factor of synchronous volcanism has a significant
impact on the formation of the geochemical
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background of rare elements and impurities in coals
(Finkelman, 1993). Volcanogenic material is found
in coal seams mainly in the form of low—power clay
interlayers - tonsteins. Volcanic pyroclastic, which
forms tonsteins, serves as a source of accumulation
of valuable metals and abnormal concentrations of
impurity elements in coals. In areas with thick
seams, the accumulation levels of these impurity
elements in coals can reach industrially significant
values (Seredin, 1994; Spears, 1999, Arbuzov et al.,
2003, 2005, 2019).

The first references to the abnormal content of
REE in coals were noted in 1933 by V.M.
Goldschmidt and C. Peters. In the 1980s, V.V.
Seredin for the first time described rare earth
mineralization with commercial content of REE in
coals. After publication in 1991 by V.V. Seredin,
different research groups started to publish papers
on abnormally rare earth coals in other deposits
[Seredin, 2001, 2005; Seredin et al.,, 2011, 2012,
2013; Dai et al., 2007, 2008, 2010, 2011, 2016c;
Arbuzov et al.,, 1997, 2003, 2007a; Hower et al.,
1999; Mardon, Hower, 2004; Chekryzhov et al.,
2016b; Dai et al., 2016c], which had lead to an
increased interest to studying lanthanide
geochemistry in coal deposits. It is known [[3], [5]],
that REE content in all coals is lower than in UCC
(upper continental crust). Countries with developed
economies (USA, Europe, Australia, China) have
partially estimated REE composition in the organic
matter, and it is published in many publications,
which show that coals and coal ashes can also
contain high, in some cases commercial
concentrations of REE. For the efficiency of REE
extraction from coals, it is necessary to understand
the mechanism of concentration, nature of
accumulation, and deportments of REE in coals. In
this regard, attention to geochemical research in
coal deposits has increased dramatically, and coal
deposits are considered potential sources of REE
(3], [5]].

However, despite comprehensive geochemical
research of coal deposits in the world, the issues
related to the conditions of accumulation,
migration and fractionating of lanthanides in coals,
their departments, and factors controlling the
formation of rare earth metal-bearing coals remain
open and require additional research [[4], [6]].

For the Republic of Kazakhstan, the industry of
which is focused on the extraction, processing and
consumption of mineral raw materials, the state of
the mineral resource base is of key importance. The
Karaganda coal basin is one of the largest and most
promising basins in Kazakhstan. In his Message to

the people of Kazakhstan [7], President of the
Republic of Kazakhstan Kassym-Zhomart Tokayev
on 01.03.2023 noted the high significance of
studying and researching rare and rare earth
metals: “One of priority tasks must be development
of deposits of rare and rare earth metals that
essentially have become a “new oil”. Countries that
will be able to implement their potential in this
sphere will define the vector of the technological
progress for the whole world”, said the President of
the Republic of Kazakhstan. The President's words
once again confirm the relevance of research on
the REE geochemistry in coal as an additional
source of REE.

A comprehensive assessment of the contents of
critical elements in coal is extremely important for
understanding the geological processes affecting
their enrichment with elements, which allows the
full use of coal in an economical and
environmentally friendly way. A reliable estimation
of the average content of rare earth elements in
coal for the majority of coal basins and deposits of
Kazakhstan needs to be clarified using modern
research methods. An analysis of the nature of the
lateral distribution showed that the k7 coal seam
can serve as a potential raw material for complex
processing and utilization of many impurity
elements. The restoration of economically valuable
REE and critical elements that can contribute to the
national economy, the introduction of advanced
environmentally friendly technologies and the
reduction of the risk of coal leaks in warehouses
will limit disposal costs, as well as reduce the
environmental impact, which should be taken into
account and implemented by coal mining
companies.

Deposit Characteristics. A distinctive feature of
the Paleozoic coal accumulation in Central
Kazakhstan, as a result of which the Karaganda coal
basin was formed, is a significant influence on the
carbon formation process of volcanic activity. This
was reflected in the enrichment of coals with
lithophilic, including moderate and weakly carbon
fiber elements such as Hf, REE, Sr, Ta, Th and U [[5],
[8]]. Their anomalies in Paleozoic coals are
associated with the horizons of tonsteins, modified
tuffites and scattered pyroclastic material, which
were described above.

The Karaganda coal basin in the west is framed
by the large meridional Tekten fault. In the east, its
border is considered to be part of the synclinorium,
where it abruptly turns into a narrow and shallow
synclinal fold (Achshisu synclinorium), which
comprises coal-bearing sediments with commercial
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strata. Beyond the basin, this synclinorium extends
to the east along the valley of the Achshisu River
for 200 km.

Within the Karaganda basin, three large
synclinoria are distinguished (from west to east):
Churubay-Nura, Karaganda and Upper-Sokur, which
are divided by respectfully Alabas anticlinal fold and
Maykuduk upheaval [9] (see Fig. 1).

This paper presents the results of the complex
mineralogical and geochemical research of the
stratum k7 of the Karaganda district of Karaganda
coal basin in the faces of “Saranskaya”,
“Aktasskaya”, Kuzembayev mines.

The listed mines belong to the Karaganda coal
province. Today, all three mines are joined into the
Saran field of Karaganda coal province. The field of
T. Kuzembayev mine is located in the eastern part
of Saran field. The fields of Saranskaya and
Aktasskaya mines belong to the central and
southwest parts of the Saran field of Karaganda
coal province.

The Karaganda synclinorium, within which the
Karaganda coal province is located, occupies the
central part of the Karaganda basin. The
northwestern wing of the synclinorium, where the
T. Kuzembayev, Saranskaya and Aktasskaya mines
are located features a comparatively simple
structure and  persistent  east-north-eastern
trending. The northwest flat dipping wing of the
synclinorium has a general northeast trend with a
pitch towards the southeast under the angle of 10-

150. In the northeastern, part of the site in the area
of synclinorium closure, the trending of the coal-
bearing strata gradually changes from north-
eastern to eastern. Pitch angles at outcrops are
respectfully grown from 10-15 to 700. The
southeastern wing of the synclinorium unlike the
northwestern one has more upridging of strata.

Discontinuous faults are widely developed on
the southeastern wing of the Karaganda
synclinorium, and there are few of them on the
northwestern flat dipping wing and this area is
tectonically simple. The geological structure of the
region comprises sediments of Carbonic, Jurassic,
Neocene and Quaternary periods [9].

According to M.G. Chernovyants (1992), a high
saturation of coal seams with tosteins has been
established. Among them, coarse and crystalline
varieties predominate, their thickness ranges from
fractions of millimetres to 2 cm. It was also found
that the k1 formation at the mine named after
Gorbachev has up to 20 tonstein interlayers, and
the k7 formation has 6 Tonstein horizons. In this
regard, samples were taken in three operating
mines, where the k7 formation is currently being
worked out, these are directly in the bottom — the
Saranskaya, Aktasskaya and Kuzembaev mines for a
more detailed study of geochemical features and
understanding of the mechanisms of accumulation
of impurity elements in the coal-bearing deposits of
the Karaganda syncline.
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Figure 1 — Geological and Industrial Zoning of Karaganda Coal Basin
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Research Methods

The grounds for this article are complex
geochemical and mineralogical research of coals
and clayey interlayers of stratum k; of the
Karaganda coal basin. Coal strata sampling was
performed by the channel method with
differentiated sampling in the faces of Saranskaya,
T. Kuzembayev, and Aktasskaya mines. 85 samples
of coals and hosting rocks have been taken in
vertical sections. In each section, 5 samples were
taken to trace the lateral and vertical variation in
the mineralogical and geochemical features of
stratum ky: coals — UC (upper coal — upper part of
the section) and BC (bottom coal — bottom part of
the section); clayey interlayers — Cl and contact
zones of coal and clayey interlayers — UCn (upper
contact in the upper part of the section) and of
clayey interlayer with coal — BCn (bottom contact in
the bottom part of the section). The length of the
sampling interval was chosen depending on the
thickness and complexity of the stratum structure;
it on average varied from 10 m to 200 m. The depth
of the sampling points varies at the three mines,
the depth of the formation varies from 600 to 650
m.

All  samples were subjected to sample
preparation, laboratory and analytical tests in
accredited, leading laboratories that specialize in
coal research. The ultimate composition of clayey
interlayer and coal samples was analyzed by the
methods of inductively coupled plasma optical
emission spectroscopy and inductively coupled
plasma mass spectrometry (ICP-OES and ICP-MS).
To study the distribution of the minerals, their
form, and morphological features in the coals and
clayey interlayers, analytical scanning electron
microscopy along with energy-dispersive X-ray
spectroscopy (SEM-EDS) were used. All researches
were performed in the Federal State Budget
Enterprise of Science Far East Geological Institute
of the Far Eastern Branch of the Russian Academy
of Sciences (FEGI FEB RAS).

Discussion of the results 85 coal samples were
studied: 25 coal samples at Saranskaya mine, 40
coal samples from Kuzembayev mine, 20 coal
samples at Aktasskaya mine; total content of REE
(Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb,
Lu) are presented in Table 1, Table 2, and Table 3.

Based on these data, the total amount of REE in
clayey interlayers and contact zones varies within
the range of REE = 53.18-102.53 g/t. And their
total content in the coal is within the range >REE =

28.48-65.78 g/t. These data on REE amounts in the
coals and clayey interlayers indicate that increased
content of REE relates to the clayey interlayers and
contact zones of the coal-clayey interlayer.

Table 1 — Results on the REE Contents for Saranskaya
Mine

Saranskaya Mine
Sampling Point No. 1
uc UCn cl BCn BC
JREE 65.78 68.01 | 104.89 | 75.81 | 35.86
Sampling Point No. 2
SReE 62.44 | 57.34 | 107.18 | 62.19 | 41.04
Sampling Point No. 3

Skee | 3552 | 6452 | 96.19 | 60.61 | 46.8
Sampling Point No. 4
Skee | 60.52 | 47.99 | 90.45 | 36.26 | 30.59

Sampling Point No. 5
Swee | 33.07 | 5846 | 89.04 | 49.59 | 30.34

Table 2 — Results on the REE Contents for T. Kuzembayev

Mine Aktasskaya Mine

Sampling Point No. 1
ucC UCn Cl BCn BC
2 REE 38.89 56.29 92.72 63.2 41.35
Sampling Point No. 2
Swee | 36.23 | 44.69 | 89.11 [ 49.06 | 33.1
Sampling Point No. 3

Swee | 465 | 47.15 | 86.82 [51.63 | 29.47
Sampling Point No. 4
Swee | 3837 | 6462 | 893  [51.73 [ 3547

Table 3 — Results on the REE Contents for Aktasskaya

Mine Kuzembayev Mine

Sampling Point No. 1

uc UCn Cl BCn BC

D REE 29.99 | 48.46 | 90.46 | 62.17 | 48.59

Sampling Point No. 2

Swee | 65.31 | 67.69 | 89.04 | 54.87

42.41

Sampling Point No. 3

Sree | 559 | 57.15 [ 97.67 | 68.1 | 38.74

Sampling Point No. 4

Sree | 59.32 | 63.22 [ 11245 | 87.2 | 35.67

Sampling Point No. 5

Swee | 47.11 | 75.7 [ 107.01 | 64.03 | 36.26
Sampling Point No. 6

Sree | 5142 | 78.99 | 106.66 | 69.23 | 28.48
Sampling Point No. 7

Swee | 43.36 | 76.46 | 107.99 | 79.19 | 31.09

Sampling Point No. 8

Skee | 47.71 | 64.65 | 108.94 | 66.36 | 42.72
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Figure 2 — Rare Earth Elements Distribution in Coals and
Clayey Interlayers of Karaganda Coal Basin

Seredin and Dai [4] divided REY (REE) in coal
into light (LREY: La, Ce, Pr, Nd and Sm), medium
(MREY: Eu, Gd, Th, Dy and Y) and heavy (HREY: Ho,
Er, Tm, Yb and Lu) groups. This classification is more
convenient than other classifications for describing

Amount of REE for the Saranskaya mine

REE distribution in coals. When interpreting the
obtained results, REE contents were considered as
normalized to the chondrite composition [10] and
normalized to UCC [10], and the following criteria
for lanthanide estimation were used:

Euan= EU/Eu™* = Eun/(Smy + Gdy) X 0.5 (1)
Cean = Ce/Ce* =Cen/(Lan + Pry) x 0.5  (2)

The distribution curve normalized to UCC in
clay shows depletion of medium lanthanides and
predominance of light lanthanides over heavy ones,
and vice versa enrichment of medium lanthanides
and predominance of heavy lanthanides over light
ones in coal (Fig. 2). Estimated Eu - and Ce -
anomalies in the coal and clay showed negative
europium and cerium anomalies (0.24 and 0.26,
respectively). This type of REE distribution is
characteristic of clayey interlayers formed with the
participation of ash material of acidic composition.
Four main types of REE distribution are
characteristic of the world coals: N—-type (normal
for earth crust), L -, M — and H — types feature an
accumulation of light, medium and heavy
lanthanides [[11], [12]]. It is considered that coals
with N- and L-type distributions are formed when
most of REE were introduced with terrigenous
material and coals with M- and H-type distributions
are formed when most REE were introduced with
water solutions [[11], [12], [13]].

Amount of REE for the Aktasskaya mine
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Figure 3 — Vertical Distribution of rare Earth Elements in Clayey Interlayers Cl, Contacts of Cl and
Coal in Karaganda Coal

Basin Note. UC — upper coals, UCn — upper contact of coal and clayey interlayer, Cl — clayey interlayer,
BCn — bottom contact of clayey interlayer and coal, BC — bottom coals.
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The indicative ratio is the lanthanum-ytterbium
(La/Yb) ratio. The estimated lanthanum-ytterbium
(La/Yb) ratio in coal, which is equal to La/Yb<1,
allows referring the coals to H-type distribution
coals, indicating the participation of water-soluble
forms of lanthanides in REE accumulation in coals.
Lanthanum-ytterbium ratio in clay equal to La/Yb>1
allows the conclusion of the existence of
independent sources and different mechanisms of
REE accumulation in the sediments of the
Karaganda coal basin. For the Karaganda coal basin,
the main supplier of debris material during
different periods of basin formation was the
mountain structures located to the south of the
basin. A smaller volume of material (thinner one)
came from the hilly uplands to the north (Ishina
T.A., 1954).

Lanthanide normalization to chondrite differs
significantly from UCC normalization: in clays, it
shows a predominance of light lanthanides over
heavy ones, the concentration ratio decreases from
lanthanum (57.3) to ytterbium (4.9). The estimated
Eu - and Ce - anomalies showed negative europium
and cerium anomalies (0.1 and 0.2, respectively);
there are more light lanthanides in the coal, with a
positive cerium (5.6) anomaly and a negative
europium anomaly (0.01) present. The lanthanum-
ytterbium ratio in clay and coal equal to La/Yb>1
allows attributing coals to L-type REE distribution
coals, which allows the conclusion that in the
formation of L-type coals of the Karaganda coal
basin with near-clark REE contents, a clayey matter
of terrigenous ash as a carrier of REE prevailed
([12], [13], [14]].

According to [[15], [16]], the presence of mixed
types of REE distribution implies different forms of
REE migration and different mobility of heavy and
light lanthanides in the hypergenesis zone. It is
necessary to be cautious in interpreting these data
for hard coals, since in the process of coal
formation, intra-stratum migration of significant
masses of excess moisture occurs, temperatures
reach 200° C and higher, and stratal waters are also
saturated with organic matter and carbon dioxide.
Jointly these factors facilitate the migration of
lanthanides and, consequently, can lead to
significant redistribution and even their removal
outside the coal stratum.

Complex processes of REE distribution in coals
are indicated by the results of detailed geochemical
research of the coal stratum k7. Analysis of vertical
REE distribution in stratum k7 of the Karaganda coal
basin  (Fig.3) showed that the highest

concentrations of all REE are characteristic of clayey
interlayers and zones of coal and clayey interlayer
contact.

Fig. 3 shows that lanthanides are equally
enriched in the contact zones between coal and
clayey interlayer. Detailed research of the coal
stratum will make it possible to identify and
evaluate the role of the main factors of REE
accumulation in coal.

In terms of REE content in coal, the increase is
seen in the REE content from the bottom (BC)
towards the top (UC). La/Yb ratio in this case also
grows from coals (6.31) to clayey interlayers
(17.06), which indicates a predominantly
clastogenic mechanism of REE input to the coals.

Distribution of lanthanum and ytterbium in coal
showed that the La/Yb ratio in the stratum bottom
(BC) decreases from west to northeast, and in the
stratum top (UC) on the contrary increases from
west to northeast. A sharp decrease in the
lanthanum-ytterbium ratio indicates the
participation of water-soluble forms of lanthanides
in REE accumulation in the coals [[16], [17], [18]]. At
the same time, the increase in the lanthanum-
ytterbium ratio indicates a predominantly
clastogenic mechanism of REE ingress into the coals
[[19], [20]]. The La/Yb ratio from bottom to top
decreases in the two mines, and towards the
northeast the La/Yb ratio from BC to UC increases
(Fig. 4). The latter is conditioned by the
heterogeneous composition of the alimentation
zones of individual regions of the basin. The nature
of this phenomenon is multifactorial and requires
special analysis.

81

Saranskaya Aktasskaya Kuzembayev mine

Y B e—H

Figure 4 - Distribution of Lanthanum and Ytterbium in
the Coal of Karaganda Coal Basin

Analysis of REE distribution showed increased
total concentrations of light and medium
lanthanides in the Karaganda coal basin, which
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represents an interest in researching the nature of
their accumulation in the coals (Table 4).

Analysis of REE distribution showed increased
total concentrations of light and medium
lanthanides in the Karaganda coal basin, which
represents an interest in researching the nature of
their accumulation in the coals (Table 4).

Assessment of lateral variability of element
concentrations makes it possible to reveal the
influence of rocks in the source area on the
accumulation of abnormal REE concentrations in
the coals. Within a single coal stratum, the
distribution of lanthanides is often very uneven and
is conditioned by the role of various factors
responsible for REE accumulation in the coal.

Table 4 — Total REE Content in Coals for the Three Mines

Group Eleme
nt Scoal Scoal Scoal T. Total
Saranska | Aktasska Kuzembay | Amou
ya Mine ya Mine ev Mine nt
La 56.341 37.10 95.43 188.87
Ce 123.522 85.24 212.59 421.35
Light Pr 15.050 10.73 25.96 51.74
Nd 69.973 49.74 115.35 235.06
Sm 16.662 12.15 26.26 55.07
Eu 3.941 2.87 6.12 12.93
Gd 18.083 12.65 27.05 57.78
Mediu Tb 2.667 1.88 4.15 8.70
m
Dy 15.856 10.26 23.73 49.85
Y 95.809 61.49 127.37 284.67
Ho 3.190 2.11 4.92 10.21
Er 9.151 6.05 14.78 29.99
Heavy Tm 1.349 0.85 2.18 4.37
Yb 8.677 5.42 15.80 29.90
Lu 1.388 0.84 2.31 4.54

Rare earth elements are distributed rather
unevenly in the Karaganda coal basin. An increase
in REE elements from the west (at Saranskaya
mine) to the northeast (at T. Kuzembayev mine) is
observed, with the minimum REE content found at
the Aktasskaya mine (Fig. 5).

To explain the reduced REE content at the
Aktasskaya mine, it is recommended to research
the tectonic situation of stratum k; at the sites of
these mines.

In all three mines, the Lu - Tm and Er - Yb
contents are similar and range from 0.84-2.31 up to
5.42-15.80 g/t, respectively. The highest values of

REE content in the coal are observed in the
northeast of the Karaganda synclinorium at the T.
Kuzembayev mine.

A high total content of Se, Y, Nd and La should
be noted in all three mines (Table 4).

250 ~
200
150 A

100 +

Amount of coal Amount of coal Amount of coal
Saranskaya mine Aktasskaya mine T.Kuzembayev mine
—Y  —La ce Pr == Nd
e SN} mm ] e G| w==Th =Dy
Ho Er ==—Tm Yb Lu

Figure 5 - Lateral Heterogeneity of REE Amount at
Saranskaya, Aktasskaya, T. Kuzembayev Mines

Correlation analysis showed positive
correlations of Y with light and medium
lanthanides, and correlation with Y increases with
light elements - La, Ce, Pr, Nd, Sm, the strongest
correlation is with medium elements - Eu, Gd, Tb,
Dy, and it decreases for heavy elements - No, Er,
Tm, Yb, La. The correlation of cerium with light
lanthanides is very strong and decreases towards
heavy ones (Fig. 6).

To define trace mineral deportments of
impurity elements in the rocks of the Karaganda
coal basin, researches were performed using the
highly local method of analytical scanning electron
microscopy along with energy-dispersive X-ray
spectroscopy (SEM-EDS), automated search for
mineral phases with the set characteristics was
performed using the AZtecFeature program
modules.

By SEM-EDS method, 13 samples of coals,
clayey interlayers and samples taken at the contact
of the coal and host rocks were studied, and
dispersion spectra were obtained for the
composition using an X-ray spectrometer.

According to the research results, trace mineral
inclusions of REE were found. Also, with a single
occurrence, yttrium (Y) inclusions were found in the
samples of coal, and argillite, and also in the
samples taken at the contact of coal and clayey
rocks.
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Karaganda Coal Basin
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The REE deportments in coal are quite diverse;
the most common ones are phosphates,
aluminophosphates and  carbonates. High
carbonification of REE suggests an important role of
organic matter in their concentration in the coals.
Autigene mineral forms of REE that are sharply
predominant in hard coals, including phosphates,
are formed during the destruction of organic
complexes in the process of organic matter
transformation during the coal formation process
[[21], [22]]. In coal and clay samples from the
Karaganda coal basin, the predominant mineral
form of REE is light lanthanide phosphates. Sparry
crystals of CeLaNdPO composition (Fig. 7) were
found in coal (Fig. 7a) and clayey interlayer samples
(Fig. 7b).

The first data on Y contents in the coal
appeared in 1931: 4 g/t of Y were found in the
ashes of two samples of Silesian and English coal
(Goldschmidt, 1931). It is known [20] that by its
chemical properties, Y is very close to lanthanides,
in particular, it is an almost complete geochemical
analogue of the heavy lanthanoids Yb. According to
[20], the carbonification coefficient of Y that
exceeds one, as well as its high concentrations in
coal inclusion ashes, indicate the presence of
antigens yttrium impurity of organic form in the
coals (Yorg), as well as the probable mineral form of
antigens phosphates (Yphos). In addition, the mineral
yttrium (Ymin) can be present in clastogenic ash, in
the composition of accessor minerals and clay
matter. However, it should be noted that during
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the thermal metamorphism and/or hypergenic
oxidation of coals, the yttrium deportment can
change, which leads to its migration, ingress or
removal from the coals.

Using the SEM-EDS method, in the coal
samples (Fig. 8a), on the contacts (Fig. 8b), as well
as in host rocks (Fig. 8c) of Karaganda coal basin
trace ineral inclusions of different sizes, mainly of
YPO (xenotime?) composition were
According to previously published results (R.
Finkelman,1980) that were obtained using the
combined SEM + EDS method, substantial amounts
of yttrium in many coals were found in the form of
abundant xenotime particles. According to (D.
Swain,1990), this gives a good basis for the
statement that fine-grained xenotime is the major
deportment of Y in many coals.

found.

Conclusion

This is the first comprehensive mineralogical
and geochemical research of clayey interlayers and
coals of the Karaganda coal basin. The research
showed that increased REE contents relate to the
clayey interlayers and contact zones of the coal-clay
interlayer. In terms of REE content in coal, the
increase is seen in the REE content from the
bottom towards the top of the stratum. The
lanthanum-ytterbium (La/Yb) ratio in coal that was
normalized to UCC and the La/Yb ratio in coal
normalized to chondrite, indicated the presence of
mixed types of REE distribution in coals, which
supposes various forms of REE migration and
different mobility of heavy and light lanthanides
within the hypergenesis zone. La/Yb ratio in this
case also grows from coals to clayey interlayers,
which indicates a predominantly clastogene
mechanism of REE input to the coals. An increase
was established in REE content from the west (at
Saranskaya mine) to the northeast (at T.
Kuzembayev mine), with the minimum REE content

found at the Aktasskaya mine. To establish such a
distribution, additional research is required for
these sites of the mines.

Calculated Eu - and Ce - anomalies in the coals
and clays, which are normalized by chondrite and
UCC, showed negative europium and cerium
anomalies, which are characteristic of clayey
interlayers formed with the participation of ash
material of acidic composition. Analysis of REE
distribution showed increased total concentrations
of light and medium lanthanides in the Karaganda
coal basin. A high total content of Se, Y, Nd and La
was noted in all three mines. Correlation analyses
of Y and Ce showed positive correlations with light
and medium lanthanides.

To define trace mineral deportments of REE in
the coals of the Karaganda coal basin, researches
were performed using the highly local method of
analytical scanning electron microscopy along with
energy-dispersive X-ray spectroscopy (SEM-EDS),
automated search for mineral phases with the set
characteristics performed using the
AZtecFeature program modules. Using this method,
it was found that the predominant mineral form of
REE was light lanthanide phosphates. Sparry
crystals with CeLaNdPO composition were found in
the coal and clayey interlayer samples. Y inclusions
in the form of abundant xenotime particles in the
coal and clayey interlayer samples, as well as in
samples taken at the contact of coal and clayey
interlayers were revealed for the first time.
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KAPAFAHbl KOMIP BACCEMHIHIH, CA34bl KABATTAPbl MEH KOMIP/IEPIHAE
CUPEK XXEP S/IEMEHTTEPIHIH (CXK3) UHAKTA/TY TABUFATDI

Konob6aesa A.H., baitigaynetoBa WU.B., AmaHrengikbi3bl A., Ackaposa H.C., baanosa I'.l'.

3binkac CarbiHo8 ambiHOaFsl KaparaHObl mexHuKanslK yHusepcumemi, KaparaHoel, Kazakcmax

Makana kengi: 17 kapawa 2023
CapanTtamagaH eTTi: 21 xeamokcaH 2023
Kabbinganapl: 23 aknaH 2024

TYWIHAEME

OpTanbik KasakcTaHHbiH KapafaHgbl Kemip 6HacceiiHiHiH, KemipiHAe anfaw peT cUpek xep
anemeHTtTepiHe (CX3) (Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) KeweHzi
MWHEpPaNAbIK-reOXMMMANbIK 3epTTey Kacangbl. *ymbicta KapafaHapl Kemip 6acceiHiHiH, CapaH,
T.KysembaeB, AKTac wWaxTa KeHxapnapblHAa 85 Kemip cblHamacblHAa@ »aHe K7 casgbl
KabatTapbiHga CX (naHTaHHaH AoTeumiire AeWiH kaHe Y) TapanyblH 3epTTey HaTuxenepi
yCbIHbINFaH. Ca3 KabaTTapbl MeH Kemipnep CbIHaManapblHblH, 31EMEHTTIK Kypambl UHAYKTUBTI
6alnaHbICKaH NnasmanblK  aTOMABIK  SMUCCUANBIK,  CNEKTPOMETPUA  KOHE  MHAYKTUBTI
6ainaHbICKaH naasmanbik macc-cnektpometpus (ICP-OES skaHe ICP-MS) agicTepimeH 3epTTengi.
CK3 anemeHTTepiHiH KMbIHTbIK KOHLEHTPAUMACbIHbIH, NaTepanablk »aHe TiK ©3reprilTiriH
3epTrey Kemipgae CXD TapanybiHblH, apanac Typ/epiHiH, 6onaTbiHbiH KepceTTi, byn CX3
JKbUIKYbIHBIH,  9pTypai  dopmanapbiH KoHe runepreHes aliMafbiHA@ ayblp KIHE JKeHin
NaHTaHOMATAPAbIH, dPTYPAI KO3FanfbiWTbIFbIH Bingipedi. UCC-re HopmanaHfaH kaHe La/Yb<1-re
TeH, Kemipaeri naHtaH-utepbu (La / Yb) katbiHackl CXHI TapanybiHbiH, H Tvni 6ap Kemipre,
COHAai-aK XxoHApPUTNEH HopmanaHfaH La/Yb>1-re TeH, CXKD TapanybiHbib, L Tvni 6ap kemipre
aTagpl, AFHU 6yn KapafaHapl Kemip 6acceiHiHiH, weriHainepiHae TIOyencis KesaepaiH, aHe
CH3 KMHAKTaNyblHbIH, dPTYPAi TETIKTEPiHiIH, 6ONYbl Typasibl KOPbITbIHAbBI Kacayfa MYMKIHAIK
6epeai. CoHpait-ak, La/Yb KaTbiHacbl KemipaeH casfbl KabatrapfFa AeiiH XKOFapblIaiTbiHbI
aHbIKTangpl, 6yn kemipae CXI TapanybiHblH, HerisiHeH KNACTOTeHAK MexaHW3MiH KepceTepi.
KbIHbICTapAaFbl CUPEK Kep 3N1eMeHTTEePiHiH, MUKpPOMUHepanabl GopmanapbiH aHbIKTay YLiH
KOMIpAiH Heri3ri }KbIHbICTAPMEH YKaHacy aliMafblHaH anblHFaH KeMipAiH, ca3abl KabaTTapabiH, 13
CblHaMacbl 3epTTeNfi KaHe PEeHTreHAIK CNeKTPOMETP KeMeriMeH KypaMHblH, AUCMEepPCUANbIK,
cnekTpsiepi anbiHAbl. KapafaHabl Kemip 6acceliHiHiH Kemip yarinepi meH casgpl KabaTTapbiHAaFb
CH3-HiH 6acbiM MUHepangpl Typi XeHin naHTaHouaTbl docdatrap 6onaapl. Kemip aHe cas
KabaTtTapbiHblH, yarinepiHae CeLaNdPO KypambiHbiH 6aFaHanbl KpUcTangapbl Tabbingpl. KentereH
Kemipae Y HerisiHeH KCeHOTUM TypiHAe 6onaTbiHbl aHbIKTaNAbl.

TyiiiH ce30ep: kemip, ca3apl KabatTap, OpTanbik KasakctaH, KapafaHabl kemip 6acceitHi, cupek
Kep anemeHTTepi, opTalla Kypambl.
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AHHOTALMA

BnepBble BbINOJIHEHO KOMM/IEKCHOE MMHEPasioro-reoxMumndeckoe nccaegosanue P33 (Y, La, Ce,
Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu) B yrnax KaparaHauHcKoro yronbHoro 6acceitHa
LleHTpanbHoro KasaxcraHa. B pabote npeacrasieHbl pesynbTaTbl MO U3y4eHUIO pacnpeseneHus
P33 (oT naHTaHa fo ntoTeumsa u Y) B 85 npobax yras M TAMHUCTBIX MPOCAOAX Niacta K7
KaparaHauHckoro yronbHoro 6acceiHa Ha 3abosx waxt — CapaHckas, um. T. Kysembaesa,
AKTacCKan. INeMeHTHbI cocTaB NPob FIMHWUCTBIX NPOCNOEB M yraei NPOBOAWMACA METOAAaMM
aTOMHO-3MUCCMOHHON  CMEKTPOMETPUM € UHAYKTUBHO-CBA3AHHOW  MAasMoh M macc-
CNEeKTPOMETPUM C UHAYKTUBHO-CBA3aHHOM nnasmoit (ICP-OES u ICP-MS).

MccnepoBaHne natepanbHOM M BEPTUKANbHOM WM3MEHUMBOCTM CYMMAPHOM KOHLEHTpauuu
3nemeHTOB P33 nokas3ano Ha NpPUCYTCTBME CMELUAHHbIX TUNOB pacnpeaeneHusa P33 B yraax, uyto
noppasymesaeT pasnnyHbie Gopmbl MUrpauuu P33 M pasanyHyo MNOABWMMKHOCTb TAMENbIX U
NEerkMx NaHTaHOMZOB B 30HE runepreHesa. YCTaHOBJEeHHOe naHTaH-uTepbuesoe (La/Yb)
Nocrynuna: 17 Hos6ps 2023 OTHOLLEHWE B yr/ie, KoTopoe HopmupoBaHHO K UCC u pasHoe La/Yb<1, oTHocuTCA K yraam c H-
PeviensnpoBaHue: 21 dexkabps 2023 TMNom pacnpegenenus P33, a Takxke pasHoe La/Yb>1, HOpMUPOBaHHOE MO XOHAPUTY, OTHOCUTCA
MpuHATa B neyathb: 23 hespansa 2024 K yriam ¢ L-Tunom pacnpepenenus P33, yTo no3sonseT cAenaTb BbIBOAbI O CyLLECTBOBAHWM
HEe3aBUCMMbIX WCTOYHWMKOB W Pa3/IMYHbIX MEXAHW3MOB HAKoMAeHus P33 B OT/I0NEHMAX
KaparaHauHcKoro yronbHoro 6acceiiHa. Tak e ycTaHoBNeHo, YTo La/Yb oTHoweHue Bo3pacTtaeT
OT yrnei A0 FAMHUCTBIX NPOCAOEB, YKasbiBad Ha NPEUMYLLECTBEHHO KIAaCTOrEeHHbI MeXaHU3M
noctynnenusa P33 B yraun. [na onpegeneHna MUKpPOMMHepanbHbiX Gopm HaxoxaeHua P33 B
nopogax uccnefosanbl 13 Npob yrasa, IMUHUCTBIX NPOCNOEB M NPO6, OTOBPAHHBIX Ha KOHTaKTe
yraa Cc  BMeWAKWMMKM NOpoAaMUM M MOAYYEHbl AUCMNEPCUOHHbIE CMEKTPbl cocTaBa C
MCNo/Ib30BaHWEM peHTreHocnekTpomeTpa. Mpeobnagatowein muHepanbHoit ¢opmoit P33 B
obpasuax yrnel u rAMHUCTBIX npocnoax KaparaHAMHCKOro yronbHoro 6acceiiHa ABAAKOTCA
docdatbl nerkmx naHtaHomaos. OBHapyKeHbl wecToBaTtble Kpuctaanbl CelaNdPO coctasa B
06pasuax yrna v rUHUCTbIX NPOCNOEB. YCTaHOB/IEHO, YTO KCEHOTUM ABNAETCA r1aBHOW dopmoii
HaxoXAaeHnA Y BO MHOTUX YrAsX.

Kniouesble cnoea: yronb, rAMHUCTble npocion, LieHTpanbHbiit KasaxcTaH, KaparaHauHCKui
YroNbHbIVi 6ACCEH, PeAKO3EMEbHBIE 3/IEMEHTbI, CPEAHEE COAEPIKAHNE
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