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ABSTRACT

Porphyry copper deposits are the source of most of the world's copper, molybdenum and
significant amounts of gold. This makes them a major focus of scientific research due to their
economic significance. The article is devoted to the study of the geochemistry of host rocks and
copper-porphyry ores at the Nurkazgan deposit. It identifies geochemical criteria for the
distribution of gold in copper-porphyry systems, as well as refines ore formation mechanisms in
order to improve predictive criteria. The results were obtained by interpreting analytical data
obtained using the ICP-OES (ICP-AES) method and the geostatistical method. Based on this
research, key factors have been identified that determine the distribution of element content. As
a result of studying the distribution of REEs in the host rocks, conditions for ore formation were
established: the deposit has an igneous origin with signs of prolonged fractionation of the magma;
a negative Eu anomaly confirms the involvement of plagioclase fractionation typical of medium
and acidic magmas; LREE enrichment indicates an evolved magma involving the continental crust,
while moderate depletion of HREE indicates a deep source of magmatism with residual garnet
involvement. The established strong positive correlation between REES indicates a single
geochemical process and reflects the primary magmatic identity. A porphyry system with a deep
magmatic source has been revealed, where ore fluids are separated from the residual melt, which
is already depleted in Eu but enriched in LREEs and metals.

Keywords: geochemistry, geological processes, mineralization zones, distribution of elements,
localization of minerals, ore-forming processes, copper mineralization, ore deposits.

Kopobayeva Aiman Nygmetovna

Information about authors:

PhD, associate professor of the Geology and Exploration MD Department of Abylkas Saginov
Karaganda Technical University, 100000, Karaganda, Kazakhstan. E-mail: kopobayeva@inbox.ru;
ORCID ID: https://orcid.org/0000-0002-0601-9365

Zharylgapov Yerassyl Yerboluly

Master’s student of the Geology and Exploration MD Department of Abylkas Saginov Karaganda
Technical University, 100000, Karaganda, Kazakhstan. E-mail: erasyl.zharylgapov@mail.ru; ORCID
ID: https.//orcid.org/0009-0001-8389-4710

Ulgibayeva Begim Sarkytbaykyzy

Geologist, LLP Geotek, 100027, Karaganda, Republic of Kazakhstan. E-mail: begimay.97 @mail.ru;
ORCID ID: https.//orcid.org/0009-0003-1644-4183

Amangeldikyzy Altynay

PhD, acting associate professor of the Geology and Exploration MD Department of Abylkas Saginov
Karaganda Technical University, 100000, Karaganda, Kazakhstan. E-mail:
a.amangeldykyzy@ktu.edu.kz; ORCID ID: https.//orcid.org/0000-0002-6665-8804

Askarova Nazym Srazhadinkyzy

PhD, senior lecturer of the Department of Geology and Exploration of Mineral Resources, Abylkas
Saginov  Karaganda Technical University, 100027, Karaganda, Kazakhstan. E-mail:
n.askarova@ktu.edu.kz; ORCID ID: https.//orcid.org/0000-0002-2103-6198

Kabyken Aidyn Bakytzhanuly

Doctoral student of the Geology and Exploration MD Department of Abylkas Saginov Karaganda
Technical University, 100000, Karaganda, Kazakhstan. E-mail: aidynkabyken@yandex.ru; ORCID
ID: https://orcid.org/0009-0008-2020-6141

Introduction

Copper is a critical and vital component in
various modern green technologies [[1], [2]]. In this
regard, molybdenum-copper deposits in veined ores
or the so-called porphyry copper deposits are
becoming increasingly important. Copper porphyry
deposits are key sources of non-ferrous metals and
precious metals, and play an important role in
mining, stimulating research and exploration

[[31,[4],[5],61,[7],[8]]. Significant are ore zones
containing significant concentrations of gold and
silver, which act as both associated components and
valuable target products [8]. These deposits, which
are often characterized by poorer ores compared to
pyrites, skarns, and veins, should have sufficiently
large reserves of copper ore and be mined using
open-pit methods to be profitable for development.
The appeal of this type of deposit is also determined
by the possibility not only to organise open-cast
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mining, but also to extract complex ores containing
valuable impurities such as gold, silver, rhenium,
selenium, tellurium, bismuth, and others.

The low cost of open-pit copper mining and the
complex nature of ores justify the industry's focus on
this type of deposit as a main source of copper
production, not only in the past and present, but
also in the future. This is why many geologists
around the world are interested in open-pit mining.
For example, Ferrag et al. (2024) conducted a
comprehensive geochemical and geochronological
study of the Imourkhsen porphyry deposit in
Morocco, showing the relationship between
empirical data and the stages of large-scale
magmatism [9]. Studies on the analysis of Cote Gold-
type deposits in Canada [10] have revealed typical
alteration zones and their geochemical markers,
which are important for predicting ore formation.
Chinese scientists [11] have provided new data on U-
Pb and Hf isotopes, indicating magmatic intrusions
in a post-collision context at the Wubaduolai
deposit. Zhangetal. (2024) [12], through the Sr-Nd
isotope analysis of Sinondo granitoids in Tibet,
confirmed the genetic link between magmatism and
Ag-Pb-Zn enrichment. All this indicates that the
integration of the latest isotopic, geochemical, and
geochronological data is crucial for understanding
porphyry ore formation processes and can be
applied to systems such as the Nurkazgan deposit.

In Kazakhstan, copper-porphyry deposits such as
Aktogay, Aidarly, Bozshakol, and Koksai are of
significant importance for the extraction of copper
and other precious metals. These deposits contain
low levels of copper, but have substantial reserves.
Moreover, spatial analysis of precious metal
distribution contributes to the development of
three-dimensional ore body models, enabling more
accurate prediction of metal content at different
levels within a deposit. This is crucial for the
economic evaluation of a deposit, planning of
mining operations, and selection of optimal mining
methods [13].

It is also important to take into account that the
localization of gold and silver can be caused not only
by primary ore formation processes but also by
secondary hydrothermal processes that redistribute
metals within ore bodies. Understanding these
processes helps to make a more accurate
interpretation of geological data and increase
efficiency.

The Nurkazgan deposit is of particular interest
due to its unique geological and structural
characteristics. The development of this deposit is
associated with several tasks, including the high

variability of the precious metal content, challenging
extraction conditions, and the need for
environmentally sound technologies for ore
processing. Geochemical analysis of the composition
of ores and their structural features makes it
possible not only to understand the processes of ore
formation, but also to significantly increase the
efficiency of prospecting operations. One of the
directions of its solution is to improve the geological
and genetic foundations of forecasting, taking into
account which forecasting and prospecting models
of ore regions and fields are built, to modernize
methods and technologies of forecasting,
prospecting and evaluation of deposits and, above
all, hidden ones, that is, those that do not go out to
the daytime surface.

The purpose of the study is to identify
geochemical features and to study the distribution
of gold and silver in copper-porphyry ores at the
Nurkazgan deposit, in order to determine the factors
that influence ore formation and conditions for
deposit formation, with a view to increasing the
efficiency of exploration operations. Scientific
knowledge of ore-forming processes is of direct
practical significance for improving the effectiveness
of mining operations in Kazakhstan. This work is
based on materials published and collected by the
authors.

Experimental part

Methodology. Analytical and published data
were used to study the geochemical characteristics
of the deposit. When studying the distribution of
gold, silver, and other elements in the ore of the
Nurkazgan deposit, complex geochemical studies
were conducted using the interpretation of data
with geostatistical methods. Analytical work was
performed in the laboratory of EcoNus LLP in
Karaganda, utilizing ICP-OES (Inductively Coupled
Plasma-Optical Emission Spectrometry) for eight
elements (Ag, As, Au, Cu, Mo, Pb, S, and Zn), atomic
absorption analysis for gold assays, and published
data on the chemical makeup of host rocks, which
were subsequently interpreted by the authors.

Samples of ore and host rock from various zones
of the studied deposit were collected. These
samples were subjected to a detailed geochemical
analysis to determine the concentrations of major
and trace elements and their spatial distribution.
The analysis was conducted in the laboratory of
EkoNus LLP in Karaganda. The depth distribution of
elements was analyzed based on drilled wells, which
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made it possible to identify the enrichment zones of
copper, gold, and silver. Standard classification
diagrams and ratios such as Sr/Y and Eu/Eu* were
used to interpret the geochemical data and analyze
the magma source and ore-forming processes.

Geological characteristics of the deposit. The
Nurkazgan deposit is located in the Bukhar-Zhyrau
district of the Karaganda region, 30 km north of
Karaganda and 10 km northeast of Temirtau. It is
also 2.5 km away from the northern shore of the
Samarqand reservoir. The closest railway station is
Murza (Aktau), which is 8 km away. The nearest
highway is 3-4 km to the north-west and the Astana-
Almaty highway is about 7 km west (Fig. 1).
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Figure 1 — Overview map of the Nurkazgan deposit area

The Nurkazgan deposit has a complex geological
structure, owing to its location within the Karaganda
tectonic block, which is part of the Hercynian fold
belt. The geological composition of the deposit
includes sedimentary, volcanic, and intrusive rock
formations from the Paleozoic era. Sedimentary
deposits comprise mudstones, silts, sandstones, and
conglomerates. Volcanic rocks include andesite,
basalt, and their associated tuff formations.
Intrusive rocks include granite, diorite, and gabbro.
The deposit is classified as a porphyry copper
deposit and contains significant reserves of copper,
gold, and lead. The primary ore minerals of the
deposit are chalcopyrite, bornite, pyrite, and
magnetite. Associated minerals include quartz and
calcite. The deposits have a predominantly lenticular
or laminated shape and occur at depths ranging
from 500 to 600 m. They are associated with fault
zones and fractures. On the surface, there is an
oxidation zone enriched in secondary copper
minerals that makes it potentially suitable for the
extraction of oxidised ores [14].

The Nurkazgan deposit consists of several sites,
each with its own geological characteristics and level
of industrial development. The ore-bearing rocks in
the areas of active mining include granodiorite-
porphyry, quartz-dioritic porphyry, quartz diorite
and diorite (Fig. 2).
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Figure 2 — Geological map of the Nurkazgan deposit
(based on Yakubchuk et al. (2012),
with modifications) [15]

The main feature of the deposit is the central
ore-bearing area, which contains the main reserves
of copper and related elements such as gold, silver,
and molybdenum. The most significant occurrences
of porphyry-type copper mineralization are
observed here, primarily in the form of disseminated
and vein-disseminated deposits. The central location
is being actively explored and forms the core of all
operational activities within the field. The western
section of the area is adjacent to the main area and
is characterized by dispersed mineralization. This
area has a lower concentration of useful
components compared to other parts of the site, but
it has been identified as promising for further
exploration and potential expansion of ore reserves.
The eastern section contains ore bodies with
predominant copper-pyrite mineralization, with
some areas showing increased gold content. This
makes this part of the site interesting for the
complex processing of raw materials. The southern
area has a high copper content, reaching up to 4% in
certain locations. In this region, ore bodies often
have a complicated structure formed through the
influence of tectonic processes. Both open-pit and
underground mining operations are taking place in
the southern area. The northern section is poorly
studied, but geophysical and geochemical data
indicate the presence of potentially promising
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structures that could contain ore bodies at greater
depths. It is considered a potential target for future
exploration efforts. In addition to the primary ore
zones, the deposit has overburden areas and spent
quarries that have been used to store overburden
rock and man-made structures.

Thus, the Nurkazgan field is a complex, multi-
stage structure that combines both currently
developed areas and promising areas for future
exploration and development.

Results and Discussion

For a detailed geochemical analysis, published
chemical composition data on 14 samples of
intrusive rocks from the Nurkazgan deposit were
used [16]. Based on the results obtained, a TAC
diagram (Fig. 3) was constructed to determine the
types of intrusive rocks. The studied igneous rocks
demonstrate a wide range of SiO, content (52.78-
68.92%) and varying potassium content (1.08-
8.62%). Intrusive rocks associated with porphyritic
copper mineralization are characterized by a high
content of Si0; (65.45-68.92%) and potassium (6.16-
8.62%), and all samples are classified as granitoids
and located in the granite field (Fig. 3). In
comparison, the intrusive rocks associated with
copper-gold mineralization have a lower content of
SiO, (52.78-65.15%) and K,O (1.08-6.25%). They
form a wide field on the diagram covering the range
from diorites to monzonites (Fig. 3).

10

NaO1K,0 (W%s)
th > -3 o =]

-

35 40 45 0 55 0 65 70 75
Si0, (W)

Figure 3 — TAC diagram, definition of rock types

To determine the sources of ore formation,
graphs of the distribution of rare earth elements are
constructed (Fig. 4). Rare earth elements are
indicated on the X-axis, and their contents in rocks
are normalized to the UCC on the Y-axis. (Taylor and
McLennan, 1985). The characteristic geochemical
features of igneous rocks are established. In most
cases, there is a predominance of light rare earth

elements over heavy ones, which may indicate
processes of plagioclase crystallization or post-
magmatic differentiation. Samples from 12HSO4**
to 12HSOs™ (Fig. 4, c), 12HSO:%** (Fig. 4, b) clearly
show a positive Eu anomaly. The content is
significantly higher than in neighboring Sm and Gd.
This may be the result of reduced conditions, the
crystallization of ores in plagioclase-containing
rocks, and fluid action [[16],[17]], as well as 12HSOs"
* shows a slight increase in Eu, which may indicate
the absence of a pronounced anomaly.
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Figure 4 — Distribution of rare earth elements in the
Nurkazgan deposit

The europium anomaly manifests itself as a
deviation of the europium concentration from the
general trend of the REE distribution. The diagrams
show that the europium content is noticeably lower
in sample 12HSO;2* sample (Fig. 4, a), as well as
samples from 12HSO;3 to 12HSO, ™ (Fig. 4, b), than
in the neighbouring elements, samarium or
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gadolinium. This indicates a negative europium
anomaly.

Such anomalies are typical of igneous rocks that
have undergone differentiation, especially
granitoids. In addition, a negative europium
anomaly may be associated with a high degree of
partial melting of crustal material, resulting in
europium remaining in the residual rock rather than
enriching the magma [[16], [17]]. The influence of
hydrothermal processes may also contribute to
additional europium leaching. As a result of studying
the REE distribution at the Nurkazgan deposit, it was
found that light REEs (L-REE) enrichment occurs,
with La, Ce, Pr and Nd being noticeably enriched
relative to VCC. This indicates the fractionated
nature of the source, and possibly the participation
of crustal material or prolonged magma
differentiation. There is a smooth decline in Sm to Lu
(HREEs), heavy REE (Gd-Lu) are gradually decreasing,
indicating a moderate depletion in HREE, which may
indicate the residual presence of garnet in the
source. A clearly pronounced negative Eu anomaly is
visible on graphs, with Eu/Eu<l indicating the
fractionation of plagioclase, which selectively
accumulates Eu?*. This suggests that the rocks
formed after plagioclasic crystallization or from a
depleted melt in europium [[18], [19], [20]].

For the effective development of a field, it is
essential not only to consider the identified patterns
but also to identify additional parameters that
influence the distribution of valuable elements. This
approach  will provide a more accurate
understanding of ore formation processes [[21],
[22]].

An analysis of the relationships between rare
earth elements shows (Fig. 5) that most of them
exhibit a high degree of correlation (R<0,7) within
their groups: Ce-La, Pr-Ce, Nd-Pr, Sm-Nd, Lu-Yb, Tm-
Er, Yo-Tm. This indicates similar mechanisms of their
fractionation and deposition in geochemical
processes [[23], [24]]. The most pronounced
relationships are observed between elements of the
light group, such as La, Ce, Pr, and Nd. These
elements indicate their joint migration and
accumulation in geological systems. Medium rare
earth elements, including Sm, Gd and Tb, exhibit less
pronounced correlations. This may be due to their
more complex behavior during crystallization
processes. Eu has a low correlation with most other
elements. This is probably due to its ability to redox
changes affecting the degree of its accumulation.
Heavy rare earth elements, such as Dy, Ho, Er and
Tm, show less pronounced dependencies, and their
relationship to lighter elements varies. Some of

these elements show weak or negative correlations,
which may be a reflection of the processes of
selective separation during hydrothermal alteration
of rocks.
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Figure 5 — Correlation between rare earth elements
in rocks from the Nurkazgan deposit

In general, the results of the analysis confirm the
patterns of behavior of rare earth elements in
natural systems corresponding to known
geochemical models for their migration and
deposition. However, low correlation coefficients
between individual elements indicate the influence
of local factors such as changes in redox conditions
and differentiation of magmatic sources.

The obtained results of ICP-OES (ICP-AES), based
on the concentrations of elements (Ag, Au, Cu), were
used to plot changes in the content of copper (Cu)
and gold (Au) as a function of depth (Fig. 6).

Geochemical analysis has established how the
content of these elements varies in different layers
of a deposit. For example, copper exhibits high
concentrations in the upper horizons, which may be
associated with zones of oxidation and
redistribution of metals under the influence of
surface processes. However, with increasing depth,
its content may either gradually decrease or reach
local peaks associated with ore bodies and zones of
sulfide mineralization.

The content of precious and non-ferrous metals
in the well opening is shown in Table 1.

Gold, unlike copper, often exhibits a more stable
distribution. However, at some points, its
concentration may increase with depth. If the graph
shows that gold has a local maximum at a certain
depth (e.g., 300-400 m), this may indicate the
presence of gold ore zones formed as a result of
hydrothermal processes.
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Table 1 — ICP-OES (ICP-AES) analysis results for
(Ag, Au, Cu)

No. | Sample Interval Elements
number
Ag, Cu, Au,
from to g/t g/t o/t
1 1 0 1 2.324 | 8.62 | 0.846
2 2 1 2 0.78 | 3.49 | 1.024
3 3 2 3 1.452 | 6.34 | 0.674
4 4 3 4 | 6.035 | 15.48 | 0.558
5 5 4 5 1.314 | 2.51 | 0.116
6 6 5 6 1.356 | 2.26 | 0.095
7 7 6 7 1.686 | 5.53 | 0.533
8 8 7 8 1.731 | 5.72 | 0.253
9 9 8 9 0.99 | 2.14 | 0.163
10 10 9 10 | 0.228 | 0.67 | 0.055

In addition, the ratio of Cu and Au at different
depths may indicate their genetic relationship. If, for
example, concentrations of copper and gold grow
simultaneously at certain levels, this indicates that
the metals could have been deposited together
during ore formation. However, if their distribution
is different, gold may be associated with other
minerals, such as quartz or pyrite.
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Figure 6 — Changes in the concentrations of copper (Cu)
and gold (Au) with depth

The analysis of this distribution is important for
assessing the depth of the deposit. It allows us to
identify the most promising areas for future
development and refine the mining strategy.

Conclusions

The geochemical analysis made it possible to
identify patterns in the distribution of rare earth
elements within the intrusive rocks at the deposit,
which made it possible to determine the sources of
ore formation and the conditions under which they
formed. The deposit is of igneous origin with signs of
long-term melt fractionation. The negative Eu

anomaly confirms involvement of plagioclase
fractionation typical of intermediate and acid
magmas. LREE enrichment indicates evolved magma
with participation of continental crust, while
moderate depletion of HREE indicates a deep origin
or influence of garnet from the source.

From the correlation analysis of the REE
distribution, it has been established that REE
behavior is consistent during rock formation and the
uniformity of geochemical conditions for rock
formation. REEs were jointly fractionated during
crystallization and did not undergo significant
secondary redistribution, such as hydrothermal
leaching, but retained their original magmatic
characteristics and identity. A positive linear
relationship (R~0.9) suggests a single source for
REEs; the same REE behavior during magma
differentiation, with no strong fractionation of
individual REEs relative to others, except possibly
Europium.

The geochemical analysis of the copper-
porphyry ores of the Nurkazgan deposit revealed
that copper and silver demonstrate a high degree of
correlation, indicating their joint mineralogical
association in the composition of sulfide phases,
mainly chalcopyrite and bornite. Gold is
characterized by a moderate bond with copper,
which is typical for gold-copper porphyry systems,
but its distribution is largely determined by
secondary hydrothermal processes.

Deep profiles have shown that copper is more
concentrated in near-surface zones, where
oxidation and leaching processes dominate. At the
same time, gold exhibits a relatively stable
distribution with local peaks at certain depths, which
may indicate the presence of hidden gold ore bodies.
This is important for planning mining operations and
further exploration.

The established patterns of metal distribution in
ores allowed us to reconstruct the processes of ore
formation, which is important for predicting copper
porphyry deposits.
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HypKasfaH mbic-nopdupi KeH OPHbIHbIH, FTEOXMMUAJBIK epeKLUesiKTepiH 3epTTey

! Kono6aesa A. H., ! YXapbinfanos E.E, 2 Yari6aesa b. C., !AmaHrengikbisbi A.,

1Ackaposa H. C., 'KabbikeH A.B.

196inkac CarbiHoe AmeiHOarbl KaparaHdel TexHuKanelK YHusepcumemi, KaparaHdsl, Kasakcmax

2leomek MLUC, KaparaHObl, KazakcmaH
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TYRIHAEME

Mopdupni mbic KeH opbIHAAPLI AYHWUE XKY3iHAEr MbICTbIH, MONUBAEHHIH, KaHe anTblHHbIH, eaayip
6eniriHiH, Herisri ke3i 6onbin Tabblnagbl. Byn onapablH, 3KOHOMMUKANbIK MaHbI34bl/blFbIHA
6alnaHbICTbl FbIIBIMU 3ePTTEYAiH, Heri3ri obbeKTiciHe alHanaplpasabl. Makana HypkasfaH KeH
OPHbIHbIH, HETi3ri XbIHbICTapbl MeH NOPPUPAI MbIC KEHAEPIHIH, FEOXMMUACHIH 3epTTeyre apHaafaH.
OHAa nopdupni mbiC KyihenepiHAe anTbliHHbIH, TapanybliHblH, FEOXUMMANLIK KpuTepuiinepi
aHblKTanagpl, 6onKay KpuTepuinepiH KeTiNAipy MakcaTbiHA@ KeH Tysiny mexaHusmaepi
HaKkTbinaHagbl. HaTtukenep ICP-OES (ICP-AES) »kaHe reocTaTUCTMKanbIK aAicTepai KonaaHy
APKbl/bl aNblHFaH aHANIMTUKANbIK AepeKTepai HTepnpeTaumanay apKpiabl anbiHabl. Ocbl 3epTTey
HerisiHae 3nemeHTTepaiH, menwepi 6oMbiHWA TapanyblH aHbIKTANUTbIH Heri3ri  dakTopnap
aHbIKTangpl. Herisri >kbiHbicTapaafbl CHKD TapanyblH 3epTTey HaTUNKeCiHAe KeH Ty3iny Kafaannapsl
aHbIKTanAbl: KeH OpHbl MarMaHblH, y3aK mep3imai ppakumuanaHy benrinepi 6ap marmanbik TekTi;
Tepic Eu aHOManuACbl apasblk }KaHe KbILWKbII Marmanapfa ToH Naarnoknasabl GpakumanaHyabiH,
KaTblCaTbIHbIH Aanenaeiai; CHI-HbiH, 6aibITbybl KOHTUHEHTTIK KEP KbIPTbICbIHAAFbI MarmaHblH,
3BONOLMACBIH KepceTei, an CHI-HbIH KanbINTbl a3atobl KaNAbIK rpaHaTNeH MarmaTU3MHIH TepeH,
Ke3iH KepceTeai. CKI apacbliHAafbl KYLWITi OH Koppensauma 6ip reoxMMuanbiK NpoLecTi kepceTeai
JKoHe BacTanKpl Marmasblk COMKECTIKTI KepceTedi. TepeH marmanbik Kesi 6ap nopoup xyineci
alWbINabl, OHAA KeH cyiblKTapbl Ec-Aa TaycbinfFaH, Bipak cMpek Kep aeMeHTTepi MEH MeTangapfa
6alibITblFaH Kanablk 6ankbimagaH 6eniHes,.

TyiiiH ce30ep: reoXxMMms, reoNormAbIK NPOLECTep, MUHEpPandaHy aiMaKkTapbl, 31eMeHTTepAiH
Tapanybl, nNaniganbl  KasbanaphblH, JIOKaNM3aUMACH, KeH Ty3y MpoUecTepi, MbICTbIH,
MUHEpPaNAaHybl, KEH OpPbIHAAPbI.
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AHHOTALMA
MegaHo-nopdurpoBble MeCTOPOXKAEHNUA ABAAIOTCA MCTOYHUKOM 60/ibLUelt YacTU MUPOBbLIX 3anacoB

Meay, MonMbaeHa U 3HAUMTENbHOTO KONMYECTBA 30/10Ta. ITO AENaeT UX OCHOBHbIM 06bEKTOM
Hay4YHbIX UCCNEA0BAaHUN U3-33 MX SKOHOMMYECKOM 3HAauMMOCTU. CTaTbA MOCBALLEHA WU3YYEHUIO
reoXMMUM BMELLAIOLWMX MOPOoS U MeAHO-NOPOUPOBLIX Py MecTopoxAeHua HypkasraH. B Hem
onpegieneHbl reOXMMUYECKME KPUTEPUM pacnpeseieHns 3010Ta B MeAHO-NOPPUPOBbIX CUCTEMAX,

Moctynuna: 12 utons 2025 a TaK¥Ke YTOUHEHbl MexaHU3Mbl PyA006pa30BaHMA C LEeNbio YAyYLIEeHUs NPOrHO3HbIX KPpUTEPUEB.
PeueHsupoBaHue: 21 utoag 2025 PesynbTaTtbl 6blIM NONYYEHbI MYTEM MHTEPNPETaLMU aHANUTUYECKUX LAHHbIX, MOAYYEHHbIX C
MpuHaTa B nevatb: 22 ceHmAbpa 2025 ncnonb3osaHmem metoga ICP-OES (ICP-AES) v reoctatmMcTMyeckoro metoga. Ha ocHoBe 3Toro

uccnefoBaHuA BbinnM onpeaeneHbl KaoueBble GaKTOpbl, ONpefenslolme pacnpegeneHve
COAEp}KaHWA 31eMeHTOB. B pesynbTaTte n3ydeHus pacnpesenenus P33 Bo BMeLLAOLWMX NOPOAAX
6bINU YCTAHOBNEHbI YCNOBUA ANA PyAo06pasoBaHMsA: MECTOPOXKAEeHUEe MMEEeT MarmaTuyeckoe
NPOUCXOKAEHME C MPU3HAKAMU A/MTENbHOTO GPaKLMOHUPOBAHWA Marmbl; OTpULATE/bHAA
aHomanua Eu noaTeepkAaeT y4acTve NaarmokNasoBoro GpakLMOHMPOBAHUA, XapaKTEPHOro AN
cpeaHe- U Kucabix marm; OboraleHve P33 yKasbiBaeT Ha 3BONIOLMIO MarMbl B KOHTUHEHTAIbHOM
Kope, B TO BPEMs KaK yMepeHHoe ucTolleHue P33 yKasbiBaeT Ha [yOMHHbIA WMCTOYHMK
MarmatMama C OCTaTOYHbIM yyacTMem rpaHaTa. YCTaHOBNEHHAs CW/bHAA MOMONKUTENbHAsA
Koppenauma mexay P33 yKkasbiBaeT Ha e4UHbIN reOXMMUYECKUIA MPOLLECC U OTPAXKaEeT NePBUYHYIO
MarmaTuyeckylo WAEHTUYHOCTb. bBbina obHapyeHa nopdupoBas cuctema € FAyBGUMHHBIM
MarmaTMyeckMm WCTOYHUKOM, rae pyAHble GAonAbl OTAENATCA OT OCTAaTOYHOro Pacn/iaBa,
KOTOpbIV y)Ke uctoLeH B Ec, Ho oboralleH peaKo3eMebHbIMKU 3/1eMEHTaMK U MeTanNamu.

Knroyesble ¢/108a: reOXMMUSA, FeoN0rMYeckme NpoLeccsl, 30Hbl MMHepPanu3aLUum, pacnpeseneHune
3/1eMEHTOB, /10KaNN3aLmMA MUHEPANOB, NPOLEeCCchl pyAaoobpasoBaHua, meaHaa MUHepanusaums,
MECTOPOMKAEHUSA.
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