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 It was established that many rare metals can be found in 
industrial values in coal seams in many regions (Popov et al. 
 2022 ; Dai et al.  2006 ,  2015 ; Sun et al.  2010 ), including Ge, 
Ga, U, V, Se, rare earth elements and Y, Sc, Au, and Ag. 

 Coal has been found to be signifi cantly enriched with 
trace elements and in recent years, potential options for 
REE extraction from them have been proposed (Liu et al. 
 2019 ; Eterigho-Ikelegbe et  al.  2021 ). However, despite 
the high content of these elements in coals, they pose 
an environmental problem. Potential environmentally 
hazardous elements can be directly emitted during the use 
of coal, coal mining or transportation, disposal of coal 
mining wastes, and coal combustion by-products (Baba 
and Kaya  2004 ; Hower et al.  2020 ). Therefore, it is vital 
to determine the content and distribution of the elements 
in coal. Obtaining rare elements from coal is an important 
embodiment of the green and effi  cient utilization of coal, 
which is of great strategic importance to the development 
of a green economy (Li et al.  2022 ). 

 This paper presents data on the distribution of impurity 
elements in coal deposits, including some rare elements (Ge, 
Ga, Se, Li and REE + Y), which play a key role in energy-
effi  cient technologies. The main purpose of this research 
is to investigate the geochemical characteristics since there 
are many coal deposits with high Ge, Ga, Se, Li, and REE 
contents in the world. Rare metals are concentrated in both 
coals and the host rocks, and in basement rocks. The genesis 
of metal accumulation and the ways of their occurrence can 
vary. It is shown that enrichment with these metals can occur 
in coal seams and in host rocks. The article studies genesis 
of high concentrations of rare metals and patterns of their 
occurrence in coal basins. 

 This paper considers the Karaganda coal basin, which 
is the largest and most famous coal basin in Kazakhstan, 
and Jurassic age Shubarkol deposit known for its low-ash 
content. 

    1.1   Characteristics of�research objects 

 More complete sets of elements are found in brown 
and hard coal deposits of almost any age and genetic 
type (Arbuzov et  al.  2014 ; Hower et  al.  2018 ). The 
main diff erences are due to the tectonic position of the 
metallogenic province, peculiarities of geochemical 
specialization of the margin rocks, which influenced 
conditions of formation of the coal basin or deposit 
(Arbuzov et  al.  2008 ). Kazakhstan deposits are no 
exception. Kazakhstan has large reserves of stone and 
brown coal. The choice of the research objects was 
determined by the research objectives, such as estimation 
of the average content of element-impurities in coals 
formed during different geological ages in different 
geotectonic settings, study of the patterns of their 

accumulation in coal-bearing sediments, assessment of 
the infl uence of various factors of geological environment 
on their concentration in coals and clayey interlayers, 
study of the conditions of concentration and fractionation 
of individual rare earth elements in geological processes, 
as well as determination of forms of their occurrence in 
coals. 

 The present research is aimed at studying geochemistry 
of coals in Central Kazakhstan (Fig.  1 ), which according to 
tectonic zoning belongs to the western part of the Central 
Asian Orogenic Belt (CAOB). The two research objects are 
large in terms of hard coal reserves and are industrially sig-
nifi cant in the country’s coal industry.         

 Despite the quite large number of coal deposits in 
Kazakhstan, these objects supply most of the country’s 
domestic demand and export signifi cant volumes of coal 
products. 

  Karaganda coal basin  in terms of its tectonics, 
corresponds to the middle part of the laterally elongated 
synclinorium that occupies a specific position in the 
structure of Central Kazakhstan, being located in the zone 
of connection of the regions of Caledonian and Hercynian 
foldings, i.e., between the Hercynian Dzhungaro-Balkhash 
geosynclinal in the south and the zone of the Caledonian 
solidifi cation in the north. Along this area, the Devonian 
marginal volcanogenic belt stretches; its occurrence was 
facilitated by the presence of a system of deep-seated 
faults and echelon faults here, which are accompanied by 
contortion, crushing, and schistosity of the rocks. The basin 
extends for 120 km in latitude, with a width of 30 km. The 
basin covers an area of 3600 km, of which the Carboniferous 
coal-bearing deposits account for about 2000 km. 

 Three major synclines (from west to east) are 
distinguished within the Karaganda basin: Sherubai-
Nurinskaya, Karaganda, and Upper-Sokurskaya. The 
Karaganda industrial region is most fully explored; the 
main number of operating mines is concentrated here. This 
paper presents the results of geochemical and mineralogical 
research of the seam  k 7  of Karaganda series  (C 1 V 3-nkrg ) of 
Visean age of Carboniferous age in the Karaganda industrial 
region of Karaganda coal basin at mine faces—Sranskaya, 
Aktasskaya, and Kuzembayev mines, since Karaganda series 
is the second productive series of the basin and is widely 
spread along the wings of the Sherubay-Nurinskaya and 
Karaganda synclines. In the Upper-Sokurskiy area, the series 
has not been stripped, although the possibility of its presence 
in the cores of synclinal structures covered by a thick cover 
of Mesozoic sediments cannot be ruled out. 

  Shubarkol deposit  was formed in the inherited cavity of 
the folded regions formed on the Saryssu-Teniz upheaval. 
The deposit basin developed over the ancient sedimentary 
complexes, which is a part of the structural cage of the Cal-
edonian accretionary-folded regions belonging to the central 









884 Acta Geochim (2024) 43:876–888

1 3

deportments for the impurity elements, including REE, were 
identifi ed. 

 During detailed electron-microscopic studies, well-
faceted crystals of zircon, native silicon, and brazilite are 
found in the clayey interlayers of Shubarkol deposit. Separate 
grains of zircon contain an admixture of scandium, titanium, 
yttrium, or other heavy REE. Brazilite is less commonly 
found than zircon. The mineral was detected in rocks and 
coals on contact with them. This nature of mineral isolation 
indicates a sparing regime of transportation of a substance 
and eliminates its transfer with water fl ows. This once again 
indicates diff erent ways of REE migration to the coals and 
carbonaceous rocks of the fi eld (Kopobayeva et al.  2021 ). 

 The identifi ed forms of rare earth elements in the coals 
of the Shubarkol fi eld are in the form of aggregates of plate, 
laminal, sparry crystals, and fragments of prismatic crystals, 
which allows assuming the autogene nature of their forma-
tion (Fig.  7 ) (Amangeldykyzy et al.  2021a ,  b ).         

 The coal and clayey interlayer samples from the Kara-
ganda coal basin were studied using a highly local method 
of analytical scanning electron microscopy (SEM–EDS), 
which characterizes the morphometry of solid-phase com-
ponents in the provided samples and determines the content 
of chemical elements in them. In addition, an automated 
search for mineral phases with specifi ed characteristics was 
carried out using program modules AZtecFeature, including 
electronic documentation of pictures (images) in diff erent 
modes under the scanning electron microscope, and disper-
sive spectra of their composition were obtained using the 
X-ray spectrometer. 

 REE deportments in coals are quite diverse, the most 
common ones are phosphates, alumophosphates, and car-
bonates. High carbonifi cation of REE suggests an impor-
tant role of organic matter in their concentration in coals. 
Autigene mineral forms of REE, which highly prevail in 
hard coals, including phosphates, are formed during the 
destruction of organic complexes in the process of convert-
ing organic matter during the process of coal formation 
(Yudovich and Ketris  2006 ). In the coal and clay samples 
from the Karaganda coal basin, the predominant mineral 
form of REE is phosphates of light lantanoids. Sparry crys-
tals of CeLaNdPO composition (Fig.  8 ) are found in coal and 
clayey interlayer samples.         

 Reasoning from teh literature data, it is considered that 
the prevalent mineral form of REE presence in coals is 
phosphates concentrating light lanthanides (Arbuzov et al. 
 2019 ). Phosphates and carbonates enriched with yttrium 
and heavy lanthanides are found more rarely, in spite of 
their high content in coals. Although, according to (Seredin 
and Dai  2001 ; Arbuzov et al.  2019 ), this is not the initial 
form, since in diagenesis, transformation from organic into 
phosphatic form took place. 

 The REE particles found in the minerals in the samples 
from Shubarkol deposit and Karaganda coal basin and the 
specifics of their composition allow assuming autigene 
nature of their formation. The formation of the bulk of auti-
gene minerals occurred during the maturation of brown coals 
and their transformation into hard ones. In mature coals of 
the carboniferous stage, the role of mineral phases increases; 
due to the carboxyl, hydroxyl and other functional groups 

a)                                                                                                                 b)

  Fig. 6        a  Position of the fi gurative points of compositions on the discriminatory diagram;  b  sources of delivery of impurity elements to the coals 
of Central Kazakhstan  



885Acta Geochim (2024) 43:876–888 

1 3

that are released during carbonifi cation, autigene minerals 
are formed. 

     4   Conclusion 

 This article presents the results of summarized material that 
characterize the processes of accumulation and distribution 
of impurity elements, including REE in the coals of Central 
Kazakhstan. The identifi ed main patterns of the distribution 
and features of concentration of impurity elements, REE in 
the coals of Shubarkol deposit and Karaganda coal basin 

evidence the existence of a number of independent sources 
and various mechanisms for REE accumulation. 

 It was established that the most of the trace element con-
tents in the coals of Central Kazakhstan are depleted. The 
concentration is close to the appropriate average indicator 
for coals in the works. In Karaganda coal basin (Carbon-
iferous), the interconnection of the metallogenic speciali-
zation of the provenance area on lithophilous and chalco-
phylic metals with geochemical features of the basin coals 
is clearly manifested (Gussev et al.  2010 ). High contents 
of lithium, which are uncharacteristic for Paleozoic coals, 
emphasizes the role of pyroclastics in the accumulation of 
rare earth elements. The coals of the basin are also enriched 

  Fig. 7        a  REE phosphates in the form of prismatic crystals,  b  REE in the form of aggregates of laminal crystals  
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