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Abstract. The study of the distribution of trace elements in coal has aroused great scientific interest all over the world,
not only because of the harm to health and related environmental problems when using coal, but also because of
the economically valuable elements contained in it. The distribution of impurity elements in coals and clay layers of
the Karaganda coal basin is considered. The main objective of this work is to identify geochemical features of ele-
ments-impurities in coals, clay interlayers of the k7 formation of the Karaganda coal basin. The paper presents the
latest data on the composition of coals and clay layers. 85 coal samples of clay interlayers and coal-clay interlayers
contact from three mines — Saranskaya, Aktasskaya, Kuzembaeva — were analyzed. The samples were studied by the
ICP-MS method at the Far Eastern Geological Institute of the Far Eastern Branch of the Russian Academy of Sciences

(DVGI FEB RAS).
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Introduction. In Kazakhstan, coal is not only the
main source of energy, but also the basis of economic
and social development of the country. Thus, interest
in the study of coal in our country is growing widely.
This work is devoted to the study of the distribution
of impurity elements in the coal of the Karaganda coal
basin, which is one of the most important coal basins
of Kazakhstan, the third largest coal reserves in the
world after the Donbass and Kuzbass and makes up
the coal base of the country.

Geochemistry of trace element in coals is an im-
portant part of coal science. Scientific assessments of
trace element concentrations in coal provide a sol-
id basis for assessing the environmental impact of
harmful elements and the use of valuable elements
in industry [1, 2].

Altered volcanic ash in coal-bearing strata usual-
ly occurs as thin (usually < 10 cm) but stable in extent
layers, which are usually found worldwide in every
coal-forming geological period [3, 4]. They are de-
fined as tonstein, bentonite, and K-bentonite based
on kaolinite, smectite, and mixed illite/smectite con-
tent > 50%, respectively [3].

The study of altered volcanic ash in coal seams
has both practical and scientific significance [4]. In
practice, their characteristic appearance, character-
ized by lighter thin seams with lateral alignment, can
be used as chronostratigraphic markers to correlate
coal seams during the exploration and production
phase [4, 5]. Some altered volcanic ashes (e.g., alka-

line tonsteins) may have highly elevated concentra-
tions of critical elements such as Ga, Nb, Zr, Ti and
rare earth elements, as well as Y (REY), which can
be an economically viable source of metal recovery
[4]. In addition, mineralogical and geochemical char-
acteristics of altered volcanic ash also contain useful
information about the conditions of deposition, the
nature of the original magma, and regional tectonic
evolution [1, 3, 4, 5].

Deposit characteristics. From the early Devonian
to the late Paleozoic, a characteristic series of forma-
tions from effusive-terrigenous (Devonian), carbon-
ate (Famennian) to terrigenous carbonaceous and
red salt formations (Carboniferous-Permian) were
formed in Central Kazakhstan (Degtyarev K.E., Ku-
zhieisov N.B., 1996). The transgression of the sea from
the southeast and the accumulation of sandy-pebble
sediments in the coastal-marine conditions belong to
this time. Along the northern edge of the basin there
is an underwater outpouring of lavas. Volcanic out-
pourings increase in intensity, and by the mid-Devo-
nian they cover the entire basin area.

Coal-bearing sediments (of the Karaganda Basin)
accumulated mainly in the east, when the region of
the marginal trough began to experience a steady
sinking, which lasted until the late Paleozoic against
the background of the beginning of the general uplift
of the territory of Central Kazakhstan.

Coal-bearing sediments of the Karaganda Basin

belong to the Carboniferous and Jurassic ages. Their
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foundations are marine Upper Devonian sediments,
as well as metamorphosed effusive and sedimentary
rocks of Middle and Lower Devonian and Silurian
ages, coming out at the margins of the basin, where
they form its natural boundary. In the central part
of the basin are the Carboniferous sediments, over-
lain in the eastern part by Jurassic sediments. The
coal-bearing sequence with a thickness of 4,500-5,000
m begins with deposits of the upper Tournaisian.
The lower part of this stratum contains marine fauna
and flora, and according to the degree of coal forma-
tion and lithological composition in this stratum the
Akuduk, Ashlyarik, Karaganda, nadkaraganda, Do-
lina, Tentek (naddolina) and Shakhan formations are
distinguished.

The Karaganda Basin is a synclinorium of latitu-
dinal direction with a gentle north wing and a steep
northward tipping south wing. From the west, it is
bounded by a large disjunctive disturbance of merid-
ional direction — the Tentek surge with an amplitude
of about 400 m. Along the southern boundary runs a
large Jartas, or Jalanr, thrust with a steep (up to over-
turned) bedding of rocks and numerous disturbanc-
es. In the basin, there are three large mulds (from east
to west): Verkhne-Sokurskaya, Karagandinskaya and
Cherubay-Nurinskaya.

According to data (Lushchikhin G.M., 1961, Ren-
garten N.V., 1957) studied the coal seams Karaganda
formation, established a high saturation of their tos-
teins, among which prevail coarse and crystalline va-
rieties, whose thickness varies from fractions of milli-
meters to 2 cm. He also found that formation k; in the
Gorbachev Mine has up to 20 interlayers of tonsteins,
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Figure 1 — Karaganda coal basin area. Fragme

and formation k; — 6 horizons of tonsteins.

Gopetsky Y.K. and Petrovskaya A.N. were among
the first to study tonsteins of the Karaganda coal basin
(in the late 30s), they distinguished among tonsteins
crystalline and microbeobic varieties. According to
these researchers, the formation of these interlayers
occurred chemogenic. This theory of tonstein origin
was also shared by other researchers (Krylova N.M.,
G.K. Khrustaleva).

Research Methodology. The research was con-
ducted by sampling clay interlayers (hereinafter
referred to as «Cl»), as well as coals (C) and their
contacts at the face of formation k; in the mines Sa-
ranskaya, Aktasskaya, Kuzembaeva.

During the study, samples of coal and clay inter-
layers were taken by the furrow method across the
strike of coal seams in the direction from the roof
to the ground, weighing 1200-1500 g. At a distance
of 50-80 cm at three mines in the basin, a total of 85
samples.

Preparation of samples for analytical studies in
all cases was carried out according to standard meth-
ods —drying in vivo, crushing, quarting and abrasion.

The set of studies was chosen based on the objec-
tives to determine the content of impurity elements
in samples of coal and rock interlayers. Composite
samples weighing 200 g were made from primary
furrow samples in Azimut Geology LLP, Karagan-
da. Prepared samples were mixed, quarted, divided
into equal 4 parts of 200 g. To determine the chemical
composition of the samples were studied by ICP-MS
method in FEB RAS RF.

Results. 85 samples taken from the coals, clay
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of the map of sheet M-43-B (Serykh, Gluhan, 2007)
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interlayers and their contacts from the three mines
mentioned above were studied.

According to the results of analysis by ICP-MS
method, the average concentrations of impurity ele-
ments in samples taken at three KUB mines (Figure
2) have mainly near-clark values, only some elements
(Li, Ba, Sc, Zr, V, Cu, Se, Y, Ag) in coals have average
content above the clark one for layer k;.

The lateral variability of impurity elements with-
in the coal basin was assessed for layer k;, which is
accessible for sampling in many areas over 6 km. The
average content of impurity elements in the coals,
clay interlayers and at C-CI contacts of the three
mines are given in Table. Assessment of the lateral
variability of element concentrations reveals the in-
fluence of rocks of the demolition area, subsynchro-
nous volcanism, or hypergenic oxidation on certain
areas of the basin [6].

The degree of enrichment of coal with a partic-
ular element can be determined by calculating the
ratio of the concentration of an element in coal to its
average concentration in the Earth's crust. This ratio
is defined as the enrichment factor, where the «Clark
number» is a measure of the average concentration of
an element in the Earth's crust. An enrichment factor
of less than one (< 1) indicates depletion, and more
than one (> 1) indicates that the coal is enriched in
trace elements compared to its content in the earth's
crust. It is quite clear that Ba, Zr, Li, Sc, V, Cu, Se,
Y, Ag are markedly enriched, while a number of the
following elements are conversely «depleted»: U, Th,
Sn, Sb, Cs, Cd, Nb, Mo (Table).

According to the data obtained, the content of
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impurity elements in the clay interlayers of the three
mines is characterized by an almost uniform distribu-
tion within the studied layer. However, there are also
some exceedances of the clark concentrations of Li,
Be, Ga, Se, Ag, Ba, Bi, Th along the lateral (Figure 3).
Increased contents of Be, Ga, Bi, Th in clay interlayers
is present in contrast to the contents of the same ele-
ments in the coals. Based on Figure 3, the As content
at the Aktasskaya and Saranskaya mines is higher
than at the Kuzembayev mine.

The increased content of many trace elements in
coal can be explained by geological and geochemical
processes during its formation, as well as by various
epigenetic processes [1]. Analysis of the distribution
of impurity elements in the formation section showed
that the composition of rocks in the drift area prob-
ably plays a significant role in the accumulation of
their high concentrations. Possible sources of remov-
al of material could be granitoids of Permian-Carbon-
iferous and Carboniferous age, as well as weathering
crusts developed on them. Perhaps these weathering
crusts could be a source of accumulation of Li, Ba, Sc,
Zr, V, Cu, Se, Y, Ag in coals. They could be the most
likely main source of barium and zirconium in the
coals of the deposit. These interlayers play an import-
ant role in the accumulation of anomalous concentra-
tions of rare impurity elements in coals.

The increased content of many trace elements in
coal can be explained by geological and geochemical
processes during its formation, as well as by various
epigenetic processes [1]. Analysis of the distribution
of impurity elements in the formation section showed
that the composition of rocks in the drift area prob-

Li Be S¢ V CrCo Ni CuZn Ga As SeRb Sr Y Zr NbMo AgCd Sn Sb Cs Ba Hf Ta W TI Pb Bi Th U

—&—average by samples of coals
—e—average by samples of C-CI contacts
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Figure 2 — Graph of the logarithmic distribution of impurity elements in coals, Cl, C-Cl contacts of formation k;
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Average contents of impurity elements in the coal clay interlayers and at C-Cl contacts of formation k;

flements | CoalClark | clarkargilite | e | e | etcclcomacts
Li 14,00 33,00 15,44 137,64 21,72
Be 2,00 1,90 0,33 2,10 0,39
Sc 3,70 9,60 5,48 9,57 6,02
\ 28,00 144,00 36,98 48,54 40,11
Cr 17,00 58,00 2,57 3,92 5,50
Co 6,00 14,00 3,02 1,90 2,87
Ni 17,00 37,00 2,43 2,62 3,05
Cu 16,00 31,00 17,22 20,39 20,03
Zn 28,00 43,00 12,30 13,46 17,27
Ga 6,20 12,00 3,65 31,07 4,87
As 9,00 7,60 1,18 0,41 3,06
Se 1,60 0,27 1,72 3,19 2,85
Rb 18,00 94,00 1,96 18,65 2,35
Sr 100,00 270,00 63,20 198,64 67,41
Y 8,20 25,00 8,37 7,87 10,49
Zr 36,00 97,00 46,64 52,06 63,99
Nb 4,00 7,60 0,88 7,08 1,30
Mo 2,10 1,50 0,81 0,60 1,62
Ag 0,10 0,12 0,22 0,25 0,30
cd 0,20 0,80 0,08 0,06 0,11
Sn 1,40 2,90 0,54 2,49 0,86
Sb 1,00 1,20 0,10 0,10 0,16
Cs 1,10 7,70 0,14 1,37 0,20
Ba 1,10 7,7 34,87 239,05 134,08
Hf 1,20 3,90 1,20 2,59 1,77
Ta 0,30 1,00 0,07 0,85 0,11
w 1,00 2,00 0,22 0,75 0,48
Tl 0,58 0,90 0,03 0,10 0,06
Pb 9,00 12,00 3,48 11,87 6,58
Bi 1,10 0,26 0,10 0,29 0,10
Th 3,20 7,70 1,21 13,22 2,55
U 1,90 3,40 0,43 2,61 0,97

ably plays a significant role in the accumulation of
their high concentrations. Possible sources of remov-
al of material could be granitoids of Permian-Carbon-
iferous and Carboniferous age, as well as weathering
crusts developed on them. Perhaps these weathering
crusts could be a source of accumulation of Li, Ba, Sc,
Zr, V, Cu, Se, Y, Ag in coals. They could be the most
likely main source of barium and zirconium in the
coals of the deposit. These interlayers play an import-
ant role in the accumulation of anomalous concentra-
tions of rare impurity elements in coals.

Conclusion. This work presents the latest geo-

chemical data of the coal and clay interlayers of layer

k;. Studies have shown that the coals of the deposit
contain significant concentrations of Li, Ba, Sc, Zn, V,
Cu, Se, Y, Ag. The enrichment of coals of formation k;
with a number of impurity elements, in which pyro-
clastic material as a source of these elements plays an
important role, was revealed. Clay formations of for-
mation k; in the Karaganda coal basin have distinc-
tive geochemical features that allow us to consider
them as transformed potentially volcanogenic pyro-
clastics. The question of finding the source of volca-
nogenic pyroclastics, from which the clay formations
were formed, remains relevant. To solve it, it is nec-
essary to investigate the mineral and petrographic
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Figure 3 — Distribution graph of impurity elements in clay interlayers of layer k; at Saranskaya, Aktasskaya,

Kuzembaeva mines

compositions, to determine the distribution patterns | extraction of valuable elements. Concentrations of

along the section and laterally, which will give new
results in establishing their origin and allow to trace
the pattern in the dynamics of changes in the com-
position of pyroclastics. The studying of geochemical
features of coals and the presence of chemical ele-
ments in the coals is necessary to assess the metallic-

trace elements (As, Sb) in formation k; are relatively
low, which is beneficial for coal processing and utili-
zation. S concentrations are relatively high compared
to average clark values.

This research has been funded by Science Committee

of the Ministry of Science and Higher Education of the Re-
public of Kazakhstan (grant No. AP13067779).

ity of coal deposits, the development of criteria for
identifying metalliferous coals and techniques for the
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KaparaHoobl kemip 6acceliHiHi{ Kemipi meH ca30bl KA6BammapbIHOAFbl KOCNa 3nemeHmmepiHid mapanysiH
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AHOamna. Kemipoeai mukposnemeHmmepOiH mapanybiH 3epmmey KemipOi nalidanaHyoarsbl 0eHCaynblKKA 3USHbI
MeH OHbIMeH 6alinaHbiCMbl 3K0/102UANbIK Macenenepze b6alinaHbiCmbl FOHA eMeC, COHbIMEeH Kamap OHbIH KYPaMbIH-
0afbl SKOHOMUKAbIK KYHObI 3nemMeHmmepee 0e 6alinaHbicmblabifFel OYKin anemoe YaKeH folabIMU Kbi3bIFyWblabiK my-
Obipadsl. KaparaHOel KOMip KeH OpHbIHbIH, Kemipi MeH ca3dbl KA6ammapbIHOAFbl KOCMA 3n1eMeHmmepiHiy mapasybl
Kapacmelpelndel. KaparaHOel kemip 6acceliHiHiK Kemip KabammapsiHbiH #aHe ca3 KabammapbiHbiH 3n1eMeHmmep
KocrnanapdblH 2e0XUMUALIK epeKWenikmepiH aHbIKmMaybl 0Cbl #YMbICMbIH Hezi32i MiHOemi 6061 mabslnadel. Kymebi-
cma Kemipnep meH ca3 KabammapbliHbIH KYpamel mypasnel COHFbl Masimemmep KeamipineeH. Yw waxmadaH — CapaH,
Akmac, KyzembaesmaHr Kemip #aHe Kemip ca3 Kabammapel #aHe 0a1ap0blH WeKapanapbiHaH 85 cbiHama mandaHobl.
CoiHamanap Peceli Foinbim akademuscoiHblH Kubip LLbiFeic 6enimiHiH Kubip LLbirbic 2e0102usbIK UHCMuUumymeoiHoa ICP-
MS adicimeH 3epmmeniHOi.

Kinm ce30ep: ca30bl 3am, Kemip, Kocra anemeHmmepi, Opmaneik Ka3aKkcmaH, 2eo0xumus, casz Kabammapei.

U3yyeHue pacnpedeneHus anemeHmoe-npumeceli 8 y2asax u 2AUHUCMbIX NPocaoax KapazaHOUHCKO20 y20/16H020
6acceliHa
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AHHOMayusA. M3yyeHue pacripedeneHus MUKPO31emMeHmMos 8 yzrax 8bi138as10 6onbwol Hay4HbIl UHMepec 80 8cem
Mupe He MosbKO U3-3a 8peda 015 300p08bA U C8A3AHHbIX C IMUM 3KOM02U4ecKux npobaem npu ucnonb3o8aHuUU yass,
HO U U3-30 CO0epawjuxca 8 HemM 3KOHOMUYECKU UeHHbIX 31eMeHmo8. PaccmompeHo pacnpedesneHue s1emeHmos-rnpu-
mecell 8 yensax u enUHUCMBbIX Npocaoax KapaeaHOUHCKo20 yeonbHo20 bacceliHa. OcHosHol 3adayveli daHHOU pabomebl
A6/19emcs 8blsAsAeHUe 2e0XUMUYECKUX ocobeHHocmell snemeHmos-ripumeceli 8 yeasx, 2AUHUCMbIX MPOCAOAX Naacma
K7 KapazaHOuHcKo20 y20n6Ho20 bacceliHa. B pabome npedcmasneHsl Hoseliwue 0aHHbIe no cocmasy yaael u 2auHu-
cmelix npocnoes. [1poaHanu3uposaHo 85 npob yens 2AUHUCMbIX MPOCI0e8 U KOHMAKMA y20/b-2UHUCMble MPOCaoU U3
mpex waxm — CapaHckasa, Akmacckas, Kyzembaesa. [Mpobsi usy4yaauce memooom ICP-MS 8 [anbHe8ocmoYHOM 2e0s10-
2uyeckom uHcmumyme [JaneHeeocmo4yHo2o omoeneHus Pocculickoli akademuu HayK (4B [1BO PAH).

Knrouesole cnoesa: 2nuHUCMoe sewecmeo, y20sb, anemeHmesl-rpumecu, L[eHmpaﬂbe/U KazaxcmaH, ceoxumus, enuHu-
cmeole rnpocsaou.
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