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ABSTRACT

The work studies mineralogical and geochemical features of the Jurassic coals of the Shubarkol deposit. The
samples were examined using the method of scanning electron microscopy (SEM-EDX) Hitachi S-3400N, which
was carried out at the Uranium Geology Research and Development Center at the Department of Geoecology
and Geochemistry of TPU. Coal geochemistry was studied by instrumental neutron activation analysis (INAA) at
the nuclear geochemical laboratory of the Department of Geoecology and Geochemistry of National Research
Tomsk Polytechnic University (TPU). The choice of this object of study was determined by the tasks of research
including the study of the patterns of accumulation of abnormal concentrations of REE, the effect of various
factors of the geological environment on the levels of their accumulation in coals, as well as the conditions of
its concentration and forms of occurrence in coals to expand the mineral resource base of Kazakhstan for rare
earth elements. According to the results of scanning microscopic analysis, aluminosilicates, sulfides and
sulfates with inclusions of microparticles of rare and rare earth elements were found in the composition of the
Shubarkol deposit coals. According to the INNA results, abnormal concentrations of Sc, Ta, Nb, Hf, Zr, Ba, Sr, Ce
and REE were found. Weathering processes led mainly to the loss and redistribution of REE in the coal seams
of the Shubarkol deposit, which in turn led to increasing the content of rare earth elements from the bottom
up the section. As a result of the action of multiple processes, increased concentrations of rare earth metals,
mainly of the yttrium group, were formed. The absence of negative europium anomaly was determined, which
confirms the original rocks composition peculiarity. The maximum contents of rare-earth metals are confined
to weathered coals; for the medium-heavy group (Nd, PM, Sm, Eu), they are almost a hundredfold higher than
the clarke in the upper continental crust. The tenfold excess of the clarke for elements from Gd to Lu was
found in clayey sandstones and siltstones; for the rest of the rocks of the deposit the excess over the clarke is
significantly lower. It was found that the coals of the deposit belong to the H-type and L-type of REE
distribution. During the formation of oxidized H-type coals, clayey matter of terrigenous ash predominated as a
carrier of REE, while unoxidized L-type coals were formed with the introduction of REE into the coal
accumulation basin mainly in the composition of clay minerals and LREE-phosphates. Here the main source of
REE was apparently the weathering crust over acidic rocks.
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Introduction of the total world reserves. Despite declining the

share of coal in the global energy balance, the

Explored coal reserves in Kazakhstan (according ~ demand for this type of fuel in the world market
to the BP Review of the World Energy statistics, ~ Will remain stable for a long time to come. In this
June 2020) amount to 34 billion tons, which is 4%  regard, it is planned to introduce a number of
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innovative projects in the coal industry. In order to
develop the coal industry, to take systemic
measures to support the industry, as well as to
implement new projects, the Roadmap of
developing the coal industry of the Republic of
Kazakhstan for 2019-2021 was developed and
approved. According to it, it is necessary to pay
special attention to coals containing industrial
concentrations of rare and trace elements such as
germanium, gallium, yttrium, tungsten, and others.
Some of them are toxic - mercury, arsenic,
antimony, beryllium and others. Some of them are
toxic, such as mercury, arsenic, antimony, beryllium
and others. Comprehensive use of coal and
associated minerals increases profitability of
developing coal deposits and contributes to solving
a number of environmental problems. At present,
reliable estimate of the average content of rare
earth elements in coals for most of the coal basins
and deposits of Kazakhstan needs to be clarified
using up-to-date research methods. In the
countries with developed economies (USA, Europe,
Australia, China), the rare metal composition in
organic matter has been partially estimated and
published in numerous editions, where it has been
shown that waste of the coal use can also contain
high, in some cases industrially significant
concentrations of impurity elements (Zharov, 2004,
Seredin, 2006; Yudovich, 2006, Dai et al, 2010,
2011, 2019 and others).

Coals are considered the main sources of Ge
(the Pavlovskoye deposit, the Spetsugli site is the
largest one in Russia). In China, germanium and
lithium are extracted on an industrial scale from
coal. Attempts are being made to extract individual
chemical elements (U, Au, Al, Ga, Sc) from coals and
their wastes. However, the efficiency of recovery
techniques is not high. One of the main reasons for
this is the lack of information on the forms of
finding elements in coals and their combustion
products. Nevertheless, it has been proven that in a
number of cases individual coal seams or even
deposits can be considered as a potential complex
source of rare, rare-earth and noble metals
(Seredin, 2003, Arbuzov S.l.,, 2008, etc.). But at
present, there is still no sufficient geological
information of the accumulation of rare earth
metals in coal seams, of the forms of their
occurrence and the mechanisms of concentration
of these elements in the coals of Kazakhstan. In this
regard, this work is very relevant, since here there
arepresented the results of studying the content of
chemical elements, their mineral form in the coals
of the Shubarkol deposit.

Previous studies [1, 2] have shown that the
deposit contains significant contents of Ba, Zr, Sr, U,
Rb, Th, Co, Fe, Zn, Ce and Sc. Studying the
distribution of REEs and the form of their
occurrence can provide important information for
understanding in what environment of coal
formation they appeared, as well as with what
diagenetic and epigenetic processes they are
associated. Minerals in coals are usually formed
due to the influx of the terrigenous material,
ground and sea water, fallout of volcanic ash,
intrusion of volcanic rocks [3-6]. As some
researchers point out [3, 6, 7], igneous rocks are
one of the main geological factors that can cause
ncreasing the content of REE and satellite elements
in coals.

Experimental part

Within the framework of studying coals and
enclosing rocks of the Shubarkol deposit for the
content of satellite elements and REE, studies were
carried out using instrumental neutron activation
analysis (INAA) at National Research Tomsk
Polytechnic University (TPU) and inductively
coupled plasma at the Institute of Mineralogy,
Geochemistry and Crystal Chemistry of Rare
elements (IMGRE-Moscow), the total number of
samples was 45. The samples of the Central and
Western sections of the field were taken by the
bulk method, the sampling interval was kept within
15-35 m. The rocks of the western wing of the
Central section were sampled by the point method.
The rocks of the Western section were sampled by
the core method, the sampling interval was kept
within 5-20 m. Using the primary samples,
briquettes of2cm*3cm were made for scanning
electron microscopy. The forms of occurrence of
minerals in coal samples were stuudied using SEM-
EDX at the IISEC "Uranium Geology". The chemical
content of coal was determined by the INAA
method at the nuclear-geochemical laboratory of
the Department of Geoecology and Geochemistry
(TPU) (analyst A.F. Sudyko).

Discussing the results

Based on the results of scanning microscopic
analysis, various micro-mineral impurities were
found in the composition of the Shubarkol deposit
coals. These are mainly aluminosilicates, sulfides
and sulfates with inclusions of microparticles of
rare and rare-earth elements, and according to the
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results of INAA, abnormal concentrations of Sc, Ta,
Nb, Hf, Zr, Ba, Sr, Ce and REE were found.

The specific features of the analytics of
lanthanides by the INAA method have identified a
group of studied elements in detail: La, Ce, Sm, Eu,
Tb, Yb, Lu. Their average contents in the Shubarkol
deposit coals were estimated based on 45 samples.

The average content of lanthanides in run-of-
mine coals of the deposit are lower (approximately
2 times) than the clarke ones. The analysis of the
distribution maps in the Western and Central areas
of the field of a group of studied elements in detail
havw shown that the elements have a different
degree of concentration over the area. Attention is
drawn to the spatial discrepancy in the
concentrations of the elements. The maximum
concentrations within the lower clarke contents of
La, Ce and Sm are found in the coals of both areas,
mainly in the Western area: Tb, Yb, Lu and Nd
mainly in the Central area. This fact can indicate
both the difference in the sources of input and
different mechanisms of the concentration of
lanthanides in coals.

Above the “coal clarke” (ytterbium is
somewhat lower) are their contents, as well as the
number of the above-considered elements, in
oxidized coals. Moreover, the La-Yb ratio is
noticeably higher than in ordinary coals. This is
explained by the peculiarities of the geochemical
specialization of the framing rocks, the conditions
of peat accumulation and coal formation. It was
found that the average La-Yb ratio for the coals of
the deposit is higher than for the post-Archean
Australian shales (PAAS) and corresponds to that
for sandstones according to [8].

The maximum concentrations of elements
found in private coal samples are 205 ppm for La,
644 ppm for Ce, 227 ppm for Sm, 79 ppm for Eu,
and 97 ppm for Th, for Yb 358 ppm, for Lu 59 ppm.
In coal ash, the content of the total of rare earth
elements in some samples can reach 2-3% with the
sharp predominance of light lanthanides.

Coal oxidation processes affecting the
distribution of REE are manifested in the Western
area of the deposit in the near-roof part of the
oxidized coal seam.

Oxidation of coal is accompanied by the
formation of regenerated humic acids that interact
with  elements and contribute to their
redistribution. It was found that redistribution of
lanthanides over the site in the section is uneven.
There is a general tendency expressed in increasing
the content of rare earth elements from the
bottom upward along the section.

It has been established that weathering
processes within the Shubarkol deposit have mainly
led to the loss and redistribution of REE in coal
seams. They are most significant for heavy
lanthanides that are relatively mobile under
hypergene conditions. The maximum accumulation
took place under the mudstone screen, i.e. in the
upper part of the section, the coals underwent a
"cerium" phase of weathering: the relative contents
of lanthanum and cerium decreased, in turn, the
contents of yttrium and "heavy" REE increased. As a
result of the multiple processes action, increased
concentrations of rare earth elements, mainly of
the yttrium group, were formed.

The combined concentration and separation
of lanthanides in coals are most clearly manifested
in the normalized distribution curves (Figure 1).
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Figure 1 — Pattern of REE distribution in enclosing rocks

The nature of the REE distribution curves in
the coals of the Shubarkol deposit normalized to
chondrite according to [8], shows that the negative
europium anomaly characteristic of most
sedimentary rocks is not pronounced. The nature of
the distribution curve for coals (Figure 2) is similar
to that for the coal-bearing rocks (Figure 1) of the
deposit.
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Figure 2 — Pattern of REE distribution in coals
(in brackets there are the sampling intervals)

The average spectra of the lanthanides of
the Shubarkol deposit normalized according to the
chondrite standard [8] are in general characterized
by the normal type of distribution.

The lutetium peak is clearly visible in Figure
2. Such peaks are characteristic of the Kuzbass coals
and some coals of Australia and the USA.

The absence of the europium minimum can
be associated with both the reducing conditions of
coal accumulation and the peculiarities of the initial
substrate composition. The absence of the
europium minimum was noted for some coals of
Canada, Far East, and Kuzbass. According to [8], the
absence of a negative europium anomaly in well-
mixed sedimentary deposits can be explained by
only one factor: the feature of the original rocks
composition.

With the general increasing the contents up
the section, the nature of the distribution curves of
rare earth metals with a relative depletion in
lanthanum and cerium and enrichment in elements
from samarium to lutetium, clearly shows the
weathering processes in the upper part of the coal
seam with relative enrichment in the groups of
medium and heavy rare earth elements.

The maximum REE contents are confined to
weathered coals; for the medium-heavy group (Nd,
PM, Sm, Eu) they are almost a hundredfold higher
than the clarke in the upper continental crust. The
tenfold excess of clarke for elements from
gadolinium to lutetium was found in clayey
sandstones and siltstones; for other varieties of
rocks of the deposit, the excess over clarke is
significantly lower (Figure 3).

Analyzing the obtained graphs of the average
content of rare earth elements in coals
normalization to the average content in coals of the
world and according to the method of V.V. Seredin
[9], the oxidized Shubarkol coals can be classified as
H-type coals of the REE distribution.

The formation of H-type coals of the
Shubarkol deposit with near-clarke REE contents
was dominated by the clayey matter of terrigenous
ash as the carrier of REE, while the formation of
metalliferous coals with record levels of REE
accumulation took place upon prolonged discharge
of carbonic water into the peat bog with elevated
contents of heavy lanthanides with the following
organic REE binding by the peat matter.

Lateral variability of the types of REE
distribution and the level of their concentrations
occur within the Shubarkol deposit. This indicates
significant spatial variations in the nature of the
processes that determine the REE geochemistry in
coals. In unoxidized coals, normalized La/Yb>1 and
therefore, the type of REE distribution differs
significantly from oxidized weathered coals and
belongs to the L-type that differs in relative
enrichment with light lanthanides. Association of
light REEs with clay matter and the presence of
micromineral REE-containing phosphates
(monazite, goyacite, gorseixite) in coals make it
possible to associate the L-type formation with the
input of REE into the coal accumulation basin
mainly in the composition of clay minerals and
LREE-phosphates. The main source of REEs was
apparently the weathering crust over acidic rocks.

Based on the literature data, phosphates
concentrating light lanthanides are considered to
be the predominant mineral form of REE in coals
[10]. Phosphates and carbonates enriched with
yttrium and heavy lanthanides are much less
common, despite their high contents in coals.
However, according to [9, 10], this form is not
primary, since a transformation from the organic to
the phosphate form occurred in diagenesis.
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Figure 3 — REE distribution spectra in well No. 1
(a), 2(6), 3(c) normalized to chondrite (Taylor, McLenan)

High-resolution electron microscopy studies
of the coals of the deposit under study revealed
only a few micron-sized minerals containing REE.
Kularit was identified in a sample of oxidized coal
(Figure 4a). A cone-shaped particle is located in an
aluminosilicate matrix. Its size is about 5 microns.

In a sample of oxidized coal there was found
a differentiated micromineral phase of siderophilic
Fe and individual REE-Nd in quantities not
exceeding the first percent (Figure 4b).

The established extremely small REE minerals
precipitates and the peculiarities of their
composition allow assuming the authigenic nature
of their formation. The formation of the bulk of
authigenic minerals occurred in the process of
maturation of brown coal and its transformation
into stone. In mature coals of the Carboniferous
stage, the role of mineral phases increases due to
metals released during coalification caused by the
loss of carboxyl, hydroxyl, and other functional
groups, authigenic minerals are formed.

According to [11], some of the REEs during
metamorphism remains in the composition of
organometallic complexes in organic matter
forming complex aluminum-sulfate-silico-
phosphate compounds with different rare metal
spectra.

The conditions for the accumulation of REEs
in coals, like most other trace elements, are still
poorly studied.

The analysis of studying geochemistry of the
Shubarkol coal deposit allows identifying the main
source of REE input into the coal-bearing deposits.
This is a complex of folded framing rocks. The
predominant importance of the folded framing
rocks composition in the accumulation of
lanthanides in coals is emphasized by all specialists
involved in the coal geochemistry of REEs [12].

The role of framing is also visible in studying
modern peatlands [13]. For the Shubarkol deposit,
the contribution of the Kokchetav uplift in the
north and northwest, the Kaptyadyr, Arganatinsk
and Ulutau mountains in the west, which compose
the chain of the Kokchetav-North Tien Shan fold
system and the Central Kazakhstan (Devonian)
volcano-eastern plutonic belt massifs of alkaline-
granitoid composition are characteristic. Significant
massifs of alkaline rocks in the composition of the
folded framing probably caused the formation of
positive europium anomalies in coals and coal-
bearing rocks, which are clearly visible throughout
the coal-bearing section.
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Figure 4 a — kularit, b — complex differentiated
micromineral phase Fe-Nd

In this case, the mechanism of transferring
the matter from the listed sources and the
accumulation of rare earths in coals in the form of
clastogene material ensures the accumulation of
background concentrations of impurity elements in
coals.

Weathering of rocks in the warm, humid
Jurassic climate also caused transition of elements
to the dissolved state and their transfer in aqueous
solutions. Carbonate rocks in the framing structures
caused the formation of carbonate and
hydrocarbonate waters of varying degrees of
alkalinity. The degree of saturation of terrigenous
ash with REEs is in direct proportion to the chemical
composition of the areas fed by the clastic material
of the ancient peat bog. The sharp predominance
of coals in the geochemical spectrum indicates the
important role of the clastogene component in the
accumulation of light lanthanides. Probably, the
important role of ultramafic rocks in the framing
structures ensured the enrichment of groundwater,
suspended matter, and more coarse detrital
material with europium. This explains the increased
content of this element in the coal-bearing rocks
and coals and the absence of the characteristic
europium minimum on the normalized curves.

The analysis of the graphs allows concluding
that the distribution of REEs formed in the process
of peat accumulation, with the removal of cerium
and lanthanum characteristic of atmospheric
weathering processes, was superimposed on the
processes of weathering the coals; increasing the
content of rare earth elements in coals in the
oxidation zone was caused not by the introduction

of elements into the coal seam but by changing its
ash content due to the loss of organic matter as a
result of coal oxidation to carbon dioxide, water-
soluble humic substances and other mobile
compounds, which is also observed in other coal
basins (Minussinsky, Kuznetsky and other deposits
of Siberia).

Conclusions

Based on the results of scanning microscopic
analysis, various micromineral inclusions were
found in the composition of the Shubarkol deposit
coals: aluminosilicates, sulfides and sulfates with
inclusions of microparticles of rare and rare earth
elements, and according to the results of INAA,
abnormal concentrations of Sc, Ta, Nb, Hf, Zr, Ba,
Sr, Ce and REE.

It was found that redistribution of
lanthanides over the site in the section is uneven.
Within  the Shubarkol deposit, weathering
processes resulted mainly in the loss and
redistribution of REE in coal seams, which led to
increasing the content of rare earth elements from
the bottom upward along the section. The
maximum accumulation took place under the
mudstone screen, i.e. in the upper part of the
section; the coals underwent the "cerium" phase of
weathering: relative contents of lanthanum and
cerium decreased, the contents of yttrium and
"heavy" rare earth metals in turn increased. As a
result of the multiple processes action, increased
concentrations of rare earth metals, mainly of the
yttrium group, were formed. The absence of
negative europium anomaly at this deposit was
determined, which confirms peculiarity of the
composition of the original rocks.

The maximum contents of rare-earth metals
are confined to weathered coals; for the medium-
heavy group (Nd, PM, Sm, Eu), they are almost a
hundredfold higher than the clarke in the upper
continental crust. The tenfold excess of clarke for
elements from gadolinium to lutetium was found in
clayey sandstones and siltstones; for other varieties
of rocks of the deposit, the excess over clarke was
significantly lower.

When studying the normalized average
content of REE distribution in coals, it was found
that the coals of the deposit belong to the H-type
and L-type. During the formation of oxidized H-type

coals, clayey matter of terrigenous ash
predominated as the carrier of REE, while
unoxidized L-type coals were formed with
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introducing REE into the coal accumulation basin
mainly in the composition of clay minerals and
LREE-phosphates. Here the main source of REE was
apparently the weathering crust over acidic rocks.

An electron microscope revealed single
micron-sized rare-earth minerals. Kularit was
determined in a sample of oxidized coal: a cone-
shaped particle with the size of about 5 microns
was located in the aluminosilicate matrix. In a
sample of oxidized coal in quantities not exceeding
the first percent, a differentiated micromineral
phase of siderophilic Fe and individual REE-Nd was
found.

The established extremely small precipitates
of REE minerals and the peculiarities of their
composition allow assuming the authigenic nature
of their formation.
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LLly6apKen KeH OpHbIHbIH KeMipsiepiHAeri CUpeK XKep 3NeMeHTTEPIH 3epTTey

AmaHrenbabiKbi3bl A., Konobaesa A.H., Ackaposa H.C., OxkuruH [1.C., MopTtHos B.C.

KaparaHObl mexHuKasnelk yHusepcumemi, KaparaHobl, KazakcmaH

TYAIHOEME
Makanaga Wybapken KeH

OpHbIHbIH,  topa

KOMIPIHiH,  MWHEPaNOrUANbIK,  YKIHE T[eOXUMUANDIK

epekwenikTepi 3eptrenreH. Yarinep TMNY-Aafbl re0sKONOrMA KaHe reoxumua KadeapacbiHa KapacTbl,

«YpaH reonorusacbl» X3fBO-aa »kyprisinreH Hitachi s-3400n ckaHepnenTiH 371eKTPOHAbl MWMKPOCKOMNUA

(SEM-EDX) aaiciH

KO/1iJaHa OTblpbin

3epTrengi. Kemip reoxumuacbl TOMCK yATTbIK 3epTTey

NOAWUTEXHUKANbIK yHuBepcuteTiHiK, (TMNY) reoskonorns KaHe reoxumusa KadeapacbiHblH, ALPOMbIK-

reoXMMMANbIK, 3epTXaHacbiHAa acnanTblK HeWTPOHAbIK-6enceHaipy apkblibl Tangay (AHAT) aagicimeH

3eptrengi. Ocbl 3epTTey OOBEKTICIH TaHAay reosoruabIK OpPTaHblH, 3PTYP/I daKTopAapbiHbIH, 0NaPAbIH,

KemipZie JKMHaKTany peHrevnepiHe acep eTyiHiH CUMpeK Ke3geceTiH 3/1eMeHTTepiHiH, aHoManbai

Makana kengi: 01 winde 2021
CapantamagaH eTTi: 20 mamsi3 2021
KabbingaHapl: 13 kazaH 2021

602y  HblCaHAAPbIH

MWKPOCKOMUANBIK, Tangay Hatuxkenepi
cynbbuatep

ANNIOMOCUNUNKATTap,

3epTTeyai

LUOFbIPAAHYbIHbIH, KUHAKTaNy 3aHAbUIbIKTaPbiH, COHAAN-aK OHbIH, LIOFbIPAAHYbI LWAPTTAPbIH KaHEe CUpeK
KesgeceTiH anemeHTTep 60MbiHWa Ka3aKcTaHHbIH, MUHEpanAblK-LUMKI3aT 6a3acbiH KEHENTy ylWiH Kemipae

KaMTUTbIH  3epTTey MiHAeTTepiMeH aiKplHAanapl. CKaHepneyui
6oiblHWa LLy6apken KeH OpHbl KeMipiHiH KypamblHAd
MeH cynbdatrap CUpPEK KIHe CUPEK Kep  3N1eMeHTTepi

MWKpPOBBNLLEKTEPIHIH KOCbIHAbINApbIMeH Tabbinapl. AHAT HaTuxkenepi 6oibiHwa Sc, Ta, Nb, Hf, Zr, Ba, Sr,

Ce ’K9He CMpeK Xep 3NeMeHTTEpPiHIH aHOManAbl KOHLEeHTpauMAanapbl aHbIkTanabl. Yriny ypaictepiHin,

acepiHeH LLly6apKken KeH OpHbIHbIH, KEMip KabaTTapblHAA CUPEK YKep dNEMEHTTEPIHIH, XKOFaNaTbIHbl KaHe

KalTa 6eniHeTiHi aHbIKTanapl, 6yn e3 KeseriHae KeHilw 6oOVbIHIIA TOMEHHEH KOFapbl Kapaill CUPEK XKep

3/1eMEHTTEPI KYPaMmblHbIH, Y/faloblHa aKenai. KentereH npouectepaid, H3TUXKeciHAe CMpeK KesdeceTiH

MeTanfaapablH, HerisiHeH UTTPUIA TOBbIHbIH, }KOFapbl KOHLEHTpaumAcbl naiga 6ongpl. Tepic eyponuiinik

QHOMa/IMA aHbIKTaAMagbl, 6yn 6acTanKkpl Tay KbIHbICTapbl KYPamblHbIH, epeKLeniriH pactaigbl. Cupek

KesgeceTiH MeTanaapAablH H, Kern Mesilwepi YrinreH KemipiepmeH LWeKTeareH, opratlua ayblp Ton ywid (Nd,

PM, Sm, Eu) onap »ofapfbl KOHTUHEHTa/IbAbl KbIPTbICTafbl KAAPKTaH y3 ece acaabl. Gd-geH Lu-fa aeniHri

anemeHTTEp YUJiH KNapKTapAblH OH ece apTybl Ca3Adbl KYMTAaCTap MeH aneBpoauntTepie aHblKTasnfaH, KNapK

KYpPamblHaH aiiTap/blKTail TomeH. KeH opblHAApbIHbIH Kemipi CHI-HiH, H-TuniHe kaHe L-TuniHe »KaTaTbliHbI

aHbIKTangpl.

ToTbIKKaH H-tunTi

Kemipai Kanbintactblpy KesiHae CHK3 Tacbimangaywbicbl peTiHAe

TeppureHai Kyngid, casgbl 3aTbl 6acbim 6ongpl, an L-TunTi KbiwKbligaHbaraH Kemipnep HerisiHeH cas

MUHepangapbl meH LREE ¢docdatrapbiHbiH, KypamblHAA Kemip KuHay bacceliHiHe CH eHrisy apKpibl

naipga 6onabl. MyHzafbl CHI-HiH, Herisri Kesi KbIWKbIN KblHbICTapAaFbl yrinreH KabblkTapbl 6onfaH

CUAKTDI.
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AHHOTALMUA

B paboTe M3yyeHbl MMHEpPaNorMyeckme U reoxMmmyeckme ocobeHHOCTU PCKUX yrnei MecTopoXKAEHUs
LLly6apkonb. O6pasubl MCCNEfOBaNUCL C WMCNO/Ab30BAaHMEM METOAQ CKAHMPYIOWEN 3NEKTPOHHOMN
muKpockonuu (SEM-EDX) Hitachi S-3400N, KoTopas nposoaunace 8 MUHOL, «YpaHoBasa reonorna» npu
Kadeape reoskonorum u reoxumumn TMY. Feoxumusa yrnei usyyeHa METOAOM WMHCTPYMEHTANbHOTO
HEMTPOHHO-aKTMBaLUMOHHOrO aHanunsa (MHAA) B agepHO-reoxummudeckoi nabopatopum Kadeapbl
reosKoNorMm u reoxumum HaumoHanbHOro UccnefoBaTeNbCKOro  TOMCKOTO  MOJIMTEXHUYECKOTO
yHusepcuteta (TMY). Bbibop AaHHOTO 06beEKTa M3yyeHMs OMNpPeaensnca 3agaqyamu UCCNedOBaHWUM,
BK/IOYAIOWMMU M3y4YeHUE 3aKOHOMEPHOCTEW HAKOMNEHWA B HUX aHOMAsbHbIX KOHLEHTpauuit P33,
BMAHUA Pa3NNYHbIX GAKTOPOB reo/NorMyeckon cpedpl Ha YPOBHM HAKOMIEHUA UX B YIAAX, a TaKke
YCNOBWIA €r0 KOHLEHTPUPOBaHUA U GOPM HaXOXKAEHUA B YIAX ANA PACLUIMPEHUA MUHEpPasbHO-CbipbeBOM
6a3bl  KasaxctaHa No  pegkosemenbHbIM — 3nemMeHTam.  [lo pesynbTaTam  CKaHUpYOLWero
MWKPOCKOMWUYECKOTO aHanu3a B cocTtaBe yrneit LUy6apKoNbCKOro MECTOpPOXAeHUS OBHapysKeHbl
antoMocunnKaTbl, cynbduabl U cynbdatbl C BKAIOYEHUAMU MUKPOYACTUL, PEAKUX U peaKo3emMesbHbIX
anemeHToB. Mo pesynbtatam MHHA 6binn 06HapyKeHbl aHOMabHble KOHUeHTpauwmm Sc, Ta, Nb, Hf, Zr, Ba,
Sr, Ce u P33. Mpoueccbl BbIBETPUBAHUA NPUBENM NPEUMYLLECTBEHHO K MOTepe U nepepacnpeseneHuto
P33 B yronbHbix naacrax LLy6apKoAbCKOro MECTOPOMKAEHWUA, YTO MPUBENO K YBEINYEHUIO COAEPIKAHMUA
pefKo3emMenbHbIX 3/1EMEHTOB CHW3Y BBepX MO paspesdy. B pesynbrate AeNCTBUA MHOMKECTBEHHbIX
npoueccoB  chopMMPOBANNCL  MOBbILIEHHbIE KOHL,eHTpaLmu peaKo3emenbHbIX  MeTassios,
NPenmyLLecTBeHHO, UTTpMeBol rpynnbl. OnpeaeneHo OTCYTCTBME OTpULATENbHOM eBPONUEeBOM
aHOMasIMK, YTO NOATBEPNKAAET 0COBEHHOCTb COCTaBa MCXOAHbIX Nopos. MaKcMmanbHble copepiKaHusa
peaKo3emMeNbHbIX METANI0B NPUYPOYEHDI K BbIBETPEIbIM YIAAM, AN cpeaHen-Taxenon rpynnbl (Nd, PM,
Sm, Eu) OHM NPAKTUYECKM CTOKPATHO MNPEBbLIWAT KNAPK B BEPXHEN KOHTUHEHTA/NbHOW Kope.
[ecAaTuKpaTHble NpeBbIWeHWUA KNapKoB ANs 3nemeHToB oT Gd fo Lu BbifB/AEHbl B MMUHWU3UMPOBAHHbIX
necyaHWKax W aneBpoNIMTAX, ANA OCTa/ibHbIX Pa3HOCTEN MOPOJ MECTOPONKAEHWA NPEeBbIEHUA Hag
KNapKOM CYLLEeCTBEHHO HWKe. YCTAaHOBNEHO, YTO YIIM MECTOPOXAEHUA OTHOcATCA K H-tuny u L-tuny
pacnpegeneHus P33. Mpu GopMMpoBaHUM OKUCAEHHDBIX yraen H-Tuna npeob6aasano ravMHUCTOE BELECTBO
TEPPUreHHON 30/1bl Kak HocuTenb P33, Toraa Kak HeokucneHHble yrav  L-Tuna ¢dopmwuposanuch ¢
npueHocom P33 B 6acceiiH yrneHakonneHus B OCHOBHOM B COCTaBe FMHUCTbIX MuHepanosB U LREE-
docdaTtoB. OCHOBHbIM UCTOYHMKOM P33, 3a4eCb NO-BUAMMOMY, ABAANUCH KOPbI BbIBETPUBAHMA MO KUCIbIM
nopogam.

Kntouesble cn10Ba: yronb, LLyb6apKonb, peiko3eMeNbHble 31EMEHTbI, MUHEPA/IOTUS, TEOXUMMUS.
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