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ABSTRACT

This study aimed to determine the geochemical partitioning of total rare earth elements (2REE),
thorium (Th), and uranium (U) in ion-adsorption clays (IACs) from the Gemang area, West
Kelantan, Malaysia, and to evaluate how this partitioning may influence selective REE recovery
with limited radionuclide mobilisation. An eight-step sequential extraction procedure was applied
to representative saprolitic IAC samples, and the extracted fractions were analysed by ICP-OES.
Pearson correlation analysis and principal component analysis (PCA) were further used to examine
associations among XREE, Th, U, and selected major elements. The sequential extraction results
showed that ZREE were concentrated mainly in the ion-exchangeable fraction (average 22.0%),
with additional contributions from the residual fraction (15.3%) and a notably high proportion in
the primary sulphide step (53.4%). In contrast, Th and U were concentrated mainly in the primary
sulphide fraction (54.4% and 41.3%, respectively) and the residual fraction (26.2% and 45.0%,
respectively). Major elements such as Al, Fe, Mn, Ca, and Na showed distributions consistent with
clay, oxide, and refractory mineral hosts. Statistical analysis indicated a positive association
between ZREE and Ca-Na, whereas Th and U were more closely associated with Fe-Mn-bearing
fractions, indicating different host controls and different mobilisation behaviour. These results
suggest that a recoverable REE pool is present in the exchangeable fraction, while most Th and U
remain in less labile phases under the tested operational scheme. The study therefore provides
geochemical evidence that mild ammonium-salt leaching may favour selective REE recovery from
Gemang IACs while limiting the release of naturally occurring radioactive materials, although
further mineralogical validation and dynamic leaching tests are still required.
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Introduction

lon-adsorption clay

management and product quality [[2], [3]]. This
study addresses the partitioning of ZREE, Th and U

(IAC) deposits are an among operationally defined geochemical fractions

important class of secondary REE resources—
particularly in subtropical and tropical weathering
profiles—because they host a significant fraction of
REEs as adsorbed ions on clay mineral surfaces,
making low-impact extraction by ammonium-salt
leaching feasible [1]. However, the co-occurrence of
naturally occurring radioactive materials (NORMs)
such as Th and U can complicate environmental

in 1ACs from the Gemang area (West Kelantan,
Malaysia), and the statistical relationships between
these trace elements and major matrix components
(Al, Fe, Mn, Ca, Na). The goal is to demonstrate
mineralogical and chemical controls on element
mobility and to provide evidence-based
recommendations for selective in-situ leaching
strategies that minimize Th/U mobilisation.
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Recent studies emphasise the importance of
mineralogical controls and quantitative validation
(DXRD/XRD, SEM—EDS, and multivariate statistics)
for interpreting sequential extraction results [[4, [5],
[6]]. Building on this work, a dataset of partitioning
and correlation analyses was presented using
Agilent 51100 SVDV ICP-OES data, and it includes
robust methodological details and QA/QC to
strengthen reproducibility.

Experimental part

Sampling and Study Area

The study samples were collected from drill core
G3 (Gemang area, West Kelantan) at depths of 7.5—
10.0 m, from the B horizons of a weathered granitic
saprolite profile developed under humid tropical
conditions. Representative intervals (7.5, 8.0, 8.5,
9.0, 9.5, 10.0 m) were sampled. Samples were air-
dried, gently crushed, and sieved to <63 um.

Table 1 - Sequential Extraction Steps

St | Target Reagent Ti Temperatur
ep me | e (°C)
(h)

1 | Water Deionized | 1 Room
Soluble, Free Water
lon

2 lon- 0.5M 2 Room
exchangeable | ammoniu

m
sulphate

3 | Weak Acid 0.5 M| 2 Room
Dissociable acetic acid

4 | Associate with | 0.2 M |1 Room (dark,
Fe (I11) oxalic acid no light)
oxyhydroxides
and Mn
oxides

5 | Associate with | 0.2 M |2 80 (water
Fe (Ill) oxides | oxalic acid bath)

6 | Organics and 35% 1 80 (water
supergene hydrogen bath)
sulphides peroxide

7 | Primary KClOos + | 4 150
sulphides HCl + 4 M

HNO;
8 | Residual HF + HNO; | 12 | 185
+ HC|O4

Sequential extraction procedure

An eight-step sequential extraction, as shown in
Table 1, modified from Dold (2003) and Shi et al.

(2014) to suit the mineralogical and analytical
conditions of the present IAC samples [[7], [8]], was
applied to each sample. The solid-to-liquid ratio was
1:50 (w/v). Extraction steps and conditions were: (1)
water-soluble (deionized water, 1 h, RT, 1:50); (2)
ion-exchangeable (0.5 M (NH4),SO4, 2 h, RT); (3)
acetic acid (0.5 M CH3COOH, pH~4.5, 2 h, RT); (4)
oxalic acid dark (0.2 M H,C,04, pH~3.0, 1 h, RT,
protected from light); (5) oxalic acid heated (0.2 M
H,C,04, 80 °C, 2 h); (6) 35% H,0, (80 °C, 1 h) for
organics and supergene sulphides; (7) KCIOs + HCI
oxidation followed by 4 M HNOs boil for primary
sulphides; and (8) residual digestion (HF-HNOs;—
HCIO,) for silicate-bound elements. After each step,
samples were centrifuged (3000 rpm, 10 min), the
supernatants filtered (0.45 um), and the filtrates
stored for analysis. The total digestion values were
used as the reference basis for normalising
sequential extraction recoveries and evaluating
cumulative mass balance.

Analytical methods and QA/QC

Elemental analyses were conducted by ICP-OES
(Agilent 51100 SVDV operating in SVDV mode) [[9],
[10]]. Calibration used multi-element standards (0.1,
0.25, 0.5, 1, 2.5, 5, 10, 25, 50, 100 ppm). Method
detection limits (MDLs) for the REEs and actinides
were determined from replicate blanks (n = 8).
Certified reference material (CRM) digests (SY-5) and
laboratory spikes (n = 3) were included to monitor
recovery [11]; mean recoveries for REEs were 92—
106% and for Th/U 88-102%. Duplicate extractions
(n = 10) returned relative standard deviations (RSD)

<7% for major elements and <12% for
low-abundance REEs. Blanks and procedural
controls  confirmed that no  systematic

contamination occurred.

Data processing and statistical analysis

Element concentrations from sequential steps
were normalised to total digestion (complete HF-
HNO;-HCI-HCIO4 digestion) and expressed as a
percentage of the total [12]. Pearson correlation
coefficients were calculated between phase
percentages of ZREE, Th, U, and selected major
elements (Al, Fe, Mn, Ca, Na). Principal component
analysis (PCA) was performed on the centred and
scaled phase percentage matrix to identify major
modes of covariance. All statistics were conducted in
R (v4.2), using the packages stats and FactoMineR.

The overall analytical workflow comprised
sample collection and preparation, sequential
extraction, ICP-OES determination, normalisation to
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total digestion, and statistical interpretation using
Pearson correlation and PCA.

Results and Discussion

Distribution of Thorium, Uranium, and Total
REE Across Extraction Phases

Sequential extraction results of the B horizon of
Gemang (G3) ion-adsorption clay profile are shown
in Table 2 and Figure 1. Thorium (Th), uranium (U),
and total rare earth elements (2REEs) exhibit distinct
geochemical partitioning, i.e., they are distributed in
different mineral phases in different proportions. In
terms of method validity and analytical precision,
the total sequential recovery of each element across
all samples (7.5-10 m) is at 100 + 10%.

Thorium in the collected soil samples was mainly
of the primary sulphide and residual phases at
80.6%; followed by iron (lll), Fe** bound phase at
16.1%; iron-manganese oxide, Fe-Mn oxides bound
phase at 1.4%; and organic and supergene phases at
1.1%, whereas the ion-exchangeable phases were
0.1%, which is almost negligible. This collectively
suggests that Th is primarily associated with
refractory accessory minerals such as thorite,
monazite, and xenotime. These minerals are most
probably bound within crystalline Fe-oxyhydroxides
or phosphate phases, which can only be dissolved by
strong acid [[13], [14]]. Thorium thus cannot be
desorbed from the surface by ion exchange.

Uranium has a similar phase partitioning pattern
where U is embedded in the primary sulphide and
residual phases at 86.3%; followed by Fe** bound
phase at 7.6%; Fe-Mn oxides bound phase at 2.4%,
and weakly acid-dissociable at 1.7%. No U has been
found in the ion-exchange, organic, and supergene
phases. This together suggests that uranium is also
mainly associated with refractory accessory
minerals such as uraninite, apatite, allanite and
zircon [[15], [16]]. Only a small portion of U is
liberated in the water-soluble phase as uranium (VI),
U®, at 1.9%. Uranium in the form of the tetravalent
ion, U*, as in the Fe-Mn oxides, primary sulphide
and residual phases, is less soluble and thus
immobile in the ion exchange phase. The mobility of
uranium depends strongly on redox conditions and
is thus convertible.

The large sulphide-association of Th (54.4%) and
U (41.3%) suggests that Th and U are mainly hosted
or included in the hypogene sulphide phase.
Essentially, a low exchangeable fraction Th and U
(<0.1%) indicates that they are not easily mobilised
by simple changes in the surrounding water’s ionic

composition. This is a key finding for operational
safety in the conventional use of ammonium
sulphate, as the release of radioactive elements is
thus limited and poses a low risk of immediate
widespread contamination. Despite their stability in
the raw soil exchangeable fraction, Th and U can be
co-precipitated during processing and concentrated
as beneficiation proceeds from intermediate
products to tailings [17].

In contrast, the total rare earth distribution,
JREE, was more mobile and readily leached by
ammonium sulphate. 25.5% of XREE is of ion-
exchangeable and weak-acid leachable phases. It is
somewhat consistent with the ion-adsorption type
lateritic clays of southern China and Malaysia [[18],
[19]]. The ZREE in the ion-exchangeable fraction at
22% affirms that the Gemang IACs are ion-
adsorption systems with a significant recoverable
REE pool by mild salt leaching. The residual ZREE
fraction at 15.3% likely reflects structural
incorporation in aluminosilicate lattices, e.g.,
phyllosilicate interlayers or REE-bearing accessory

minerals such as monazite/ xenotime in fine
fractions [20]. The small contribution of
oxalate-extractable fractions indicates limited

binding to poorly crystalline Fe-oxyhydroxides [21].
The unusually high proportion of ZREE in the
sulphide fraction at 53.4% contrasts with typical IAC
behaviour, where REEs are predominantly
exchangeable. This suggests that REE-bearing
sulphides may be present in specific samples,
potentially as unique or localized mineral phases or
sulphidic micro-inclusions [[22], [23]]; incomplete
selectivity of the sulphide extraction step using
KCIOs + HCl oxidation then HNOs; (operational
overlap) may partially leach non-sulphide REE hosts
e.g., poorly crystalline Fe-oxides, or loosely bound
REE complexes, artificially inflating REE in the
sulphide fraction or co-precipitation of REE with
sulphide/Fe—Mn phases during weathering.

Table 2- Average phase distribution (%) of REE, Th, U and
major elements from sequential extraction (n=6)

Elemen Water- lon- Aceti Oxali Oxali H.0 Primary Residua
t solubl exchang cacid ¢ acid ¢ acid 2 Sulphid I

e e (dark) (80°C) e
able

REE 0.2 22.0 3.5 0.9 43 04 | 534 153

Th 0.1 0.1 0.6 1.4 161 | 11 54.4 26.2
U 1.9 0.0 17 2.4 7.6 0.0 | 413 45.0
Al 0.0 0.3 0.0 0.6 31 0.3 13.3 82.5
Fe 0.0 0.0 0.0 0.1 11.7 | 1.0 53.5 33.7
Mn 0.0 1.9 0.5 2.6 246 | 2.0 | 449 235
Ca 14.4 60.9 6.9 3.0 0.7 0.1 | 47 9.3

Na 1.6 20.2 404 | 2.0 3.0 1.4 12.6 19.9
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Average Phase Distribution of Total REE, Th, and U
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Figure 1 - Phase Distribution of Total REE,
Th and U of average G3 soil profile(n=7)

Correlation Between Th, U, REE and Major
Elements

Pearson correlation coefficients rounded to one
decimal place (Table 3), and PCA results (Figure 2)
reveal two principal geochemical associations
distinct from the earlier hypothesis. Thorium and
uranium are very strongly correlated (r = +0.90),
confirming their common mineralogical host and co-
behaviour during weathering. Both Th and U exhibit
negative correlations with Fe, Mn, Ca, and Na
(r=-0.5 to -0.6), indicating that these actinides are
not controlled by secondary oxide or exchangeable
carbonate phases, but are instead retained in
refractory mineral lattices such as monazite-
xenotime or thorite-type phosphates [24]. Their
weak to moderate positive correlation with Al (r =
+0.5 to +0.6) suggests partial structural substitution
or mechanical entrapment within aluminosilicate
residues [25]. Th and U remain structurally
sequestered within stable mineral phases, reducing
their mobility during in-situ leaching operations.

Table 3- Pearson correlation matrix (phase percentages)

Element | Th U SREE Al Fe Mn Ca Na
Th 1.0

U 0.9 1.0

SREE 0.1 0.3 1.0

Al 0.6 0.5 0.2 1.0

Fe -0.5 -0.6 | -0.4 0.1 1.0

Mn -0.4 -0.3 0.2 0.1 0.7 1.0

Ca -0.6 -0.6 | -0.5 -0.4 0.6 0.3 1.0

Na -0.4 -0.6 | -0.3 -0.5 -0.1 -0.3 -0.2 1.0

In contrast, the XREE group shows a weak
positive correlation with Al (r=+0.2) but a mild
negative relationship with Fe (r=-0.4) and Ca (r=-0.5).
This trend implies that REEs in the Gemang ion-

adsorption clay are not strongly bound to Fe—Mn
oxides or carbonates, but are instead associated
with clay mineral surfaces through outer-sphere
cation exchange. The absence of a positive ZREE-
Ca/Na correlation contradicts the behaviour
observed in some South China IACs [26], highlighting
local mineralogical control in which kaolinite-
dominated matrices limit alkaline exchange
buffering.

However, given the limited sample size (n=6),
the correlation coefficients should be interpreted as
indicative rather than definitive. However, the
magnitude of some correlations (r > 0.7) is high
enough to suggest real covariant behaviour
deserving further mineralogical corroboration.

Principal Component Analysis (PCA)

Principal component analysis (PCA), as shown in
Figure 2 of the phase-percentage matrix (Table 2),
extracted two components that explained 70.0% of
the total variance (PC1: 45.4%; PC2: 24.7%).

PC1 separates phases associated with
exchangeable /leachable pools from lithogenic
/oxidative pools, i.e., strong positive loadings on lon-
exchangeable and Water-soluble contrast with
negative loadings on Primary sulphide, Residual,
H,0,, and Oxalic acid at 80 °C. PC2 contrasts Residual
(positive) with H,0, and Oxalic acid at 80 °C
(negative), distinguishing more refractory host
control from oxide- and organic-bound
contributions.

In score space, Ca and Na plot toward the lon-
exchangeable /Water-soluble quadrant, consistent
with the readily leachable REE association, while Th,
Fe and Mn align with Primary sulphide and oxidative
phases, and Al is aligned toward Residual, reflecting
its clay-framework affinity. REE and U sit
intermediate but trend toward lon-exchangeable vs
Residual, respectively, supporting the selective
exchangeability of REE under mild ammonium
leaching with limited co-mobilisation of Th/U.

PCA Biplot: Phase Partitioning (% basis)

3 i i
Res dui Al

PC2 (24.7%)
=
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—
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Figure 2- PCA Biplot of Phase Partitioning
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Samples at 8.0 - 9.0 m depth plot as shown in
Figure 3, toward the REE-enriched quadrant,
reflecting zones of higher weathering and greater
ion-exchange potential, whereas deeper samples
(29.5 m) cluster in Th-U-Fe-rich domains, suggesting
lithogenic enrichment and incomplete alteration.
The PCA plot demonstrates that the 8.0-9.0 m depth
is the most favourable for REE leaching using ion-
exchange ammonium sulphate, as a high proportion
of the ion-exchangeable phase characterises this
zone. In contrast, in the deeper depths, particularly
those 2 9.5 m, REE recovery is less favourable. This is
because the REEs in these depths are more strongly
associated with refractory phases, i.e., residual or
primary sulphide phases. Stronger acids are needed
to break down and release the REEs if these phases
are intended for extraction. This geochemical
differentiation illustrates the natural zonation of the
soil profile, which can be utilised as a selective in-situ
leaching strategy. The processing zone can thus be
divided into two: the shallow zones using milder,
more cost-effective, and environmentally friendlier
leaching agents, while the deeper zones use
stronger, more potent acid—complexant
combinations to mobilise the refractory-bound REEs
[[26], [27]].

PC2 (25.71%)

XDeplh: 9.0m

Ca

-4 -2 o
PC1 (58.27%)

Figure 3- PCA Biplot of Elements Partitioning in Depths

Implications for the process design of selective
in-situ leaching

The clear geochemical separation between
exchangeable YREE and refractory Th/U implies that
mild ammonium-salt leaching can preferentially
mobilise REEs while leaving Th and U immobile,
provided leaching remains non-oxidative and pH is
controlled above 4. To reduce the risk of releasing
Th/U due to sulphide/oxide dissolution, the leaching
solution should not contain strong oxidants and
should be maintained near-neutral to mildly acidic
conditions.

The natural zonation and vertical variation in
exchangeable IREE and major element
concentrations, as indicated by PCA sample spread,
suggest that in-situ leaching designs should also
consider  stratigraphic  variability. Early-stage
exploration should prioritise mapping vertical
heterogeneity within the exchangeable fraction of
the deposit to delineate the high-value zones
accurately. This spatial understanding enables the
application of selective leaching techniques, such as
targeted well placement or confined percolation, to
preferentially recover exchangeable rare earth
elements (REEs). This targeted approach optimises
efficiency by minimising overall reagent
consumption, thereby reducing the operation's
environmental footprint.

A robust monitoring strategy is also important
during leaching operations. Dissolved iron (Fe) and
manganese (Mn) concentrations, and the redox
potential, should be included as key monitoring
parameters. These measures serve as critical
indicators of incipient sulphide oxidation, an event
that could lead to the unintended mobilisation of
thorium (Th) and uranium (U) into the leachate pool.

Limitations and recommendations for future
research

Data derived from sequential extraction
procedures have some inherent limitations. The
methods are operationally defined to ensure
accuracy and repeatability. However, the results are
consequently dependent on the specific extraction
procedure and matrix. Furthermore, in this study,
only a small sample size was used (n=6), which limits
statistical power and thus does not reflect regional
conditions.

To overcome the limitations and enhance
understanding of the deposits, more samples from
the spatial lateral and vertical profiles should be
collected and data included to produce a more
statistically significant data set [28].

Other mineralogical and geochemical methods
should also be included to minimise ambiguities. X-
ray diffraction (XRD) can be used to analyse the
removal or persistence of mineral phases before and
after leaching [29]. Scanning electron microscopy
with energy-dispersive X-ray spectrometry (SEM-
EDS) and Laser Ablation Inductively Coupled Plasma
Mass Spectrometry (LA-ICP—MS) can be employed
to visually identify the elements hosted in the
mineral matrix [30].

To bridge the gap from laboratory data to
operational reality, pilot leach tests, such as small
columns, are needed to simulate in-situ conditions
and thus allow further optimisation.
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Conclusions

The sequential extraction results show that rare
earth elements (ZREE), thorium (Th), and uranium
(U) in the Gemang ion-adsorption clay do not share
the same geochemical behaviour. ZREE display a
meaningful exchangeable component, with an
average of 22.0% occurring in the ion-exchangeable
fraction, confirming that part of the REE inventory
remains potentially recoverable by mild ammonium-
salt leaching. In contrast, Th and U are concentrated
mainly in the primary sulphide and residual
fractions, indicating stronger retention in less labile
phases and lower susceptibility to release under
simple ion-exchange conditions.

The correlation and PCA results support this
distinction. ZREE show closer association with Ca
and Na, consistent with exchangeable or weakly
bound occurrence, whereas Th and U are more
closely associated with Fe- and Mn-bearing phases
and refractory mineral hosts. This separation in
geochemical behaviour suggests that selective
mobilisation of REEs is more feasible than co-
mobilisation of radionuclides under mild leaching
conditions. However, the unusually high 2REE
proportion in the primary sulphide step indicates
that some overlap between operational fractions
remains possible, and that the extraction sequence
should be interpreted as an operational partitioning
tool rather than a direct mineralogical
determination.

From a process perspective, the results support
the view that ammonium-sulphate leaching can
preferentially target the exchangeable REE pool
while limiting Th and U release, provided that the
leaching system remains non-oxidative and
chemically controlled. This is important for the

design of safer and more selective REE recovery
routes from Malaysian ion-adsorption clays, where
minimising radionuclide mobilisation is a key
environmental and operational requirement.

At the same time, the present work should be
treated as a geochemical and operational baseline
rather than a complete process validation. Future
work should include direct mineralogical verification
of host phases by XRD, SEM-EDS, and LA-ICP-MS,
together with dynamic column or pilot leaching tests
to confirm whether the selective behaviour inferred
from sequential extraction is maintained under
realistic in-situ leaching conditions.

Confilicts of interest. On behalf of all authors, the
corresponding author states that there is no conflict of
interest.

CRediT author statement.

S. Chang: Conceptualization, = Methodology,
Investigation, Formal analysis, Data curation,
Visualization, Writing — original draft. N. Fendy:
Investigation, Validation, Writing — review&editing;
N. Shoparwe: Supervision, Project administration,
Resources; A. Yusoff: Conceptualization,
Supervision, Project administration, Writing—
review&editing.

Acknowledgement

This research is funded by Industrial Matching
Grant (IMAP) Ministry of Higher Education (MOHE)
Malaysia (Grant Code: R/IMAP/A1300/01684A/014
/2025/01452), supported also by Matching Grant
between Universiti Malaysia Kelantan (UMK) and Al
Balga Applied University (BAU) Jordan (Grant Code:
R/MATCH/A1300/01684A/017/2025/01512).

Cite this article as: Chang SC, Fendy NA, Shoparwe NF, Yusoff AH. Geochemical Partitioning and Correlation of Rare Earth
Elements, Thorium, and Uranium in lon-Adsorption Clays from the Gemang Area, West Kelantan, Malaysia. Kompleksnoe

Ispolzovanie Mineralnogo Syra =
https://doi.org/10.31643/2028/6445.25

Complex

Use of

Mineral Resources. 2028; 346(3):19-27.

FemaHr anmarbl, batbic KenaHtaH, Manaii3magafrbl MOH-aACcoOpPOUUANDIK,
Ca3AapAarbl CUPEK XKep 3/1eMEHTTEPIHiIH, TOPUN MeH YPaHHbIH, reOXMMUANDIK,
6eniHyi }XaHe Koppenaymacobl

Chang S.C., Fendy N.A., Shoparwe N.F., Yusoff A.H.

Kenanmax Manatizus yHugsepcumemi, Manalizus

—— )4 ——


https://doi.org/10.31643/2028/6445.25

Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

TYWNIHAEME

Byn 3eptTey Manai3uaHbiH batbic KenaHTaH KanacbiHAasbl FemaHr alimasbiHaH anblHFaH MOHABIK-
agcopbumanbik casgapgarbl (MAC) Kannbl CMpeK KesfeceTiH Kep 3nemeHTTepiHiH, (ZREE),
Topuigi, (Th) kaHe ypaHHbiH (U) reoxumuanbik, 6eniHyiH aHbIKTayfa KaHe 6yn 6GeniHyaiH
LeKTeyNi PaAMOHYKAMATI mobununsaumameH MAC-Tbl cenekTUBTI KannblHa KenTipyre Kanai acep
eTyi MYMKiH eKeHiH b6afanayra bafbiTTanfaH. OkineTri canpoaunttik MAC yarinepiHe ceris caTtblnbl
Ti3BeKTi 3KCTpaKuMA npoueaypacbl KOAAaHbINAbl, an anbiHfFaH dpakumanap ICP-OES apKplibl
TangaHapl. MUPCOH Koppenaumanbik Tanaaybl XaHe Herisri KomMnoHeHTTiK Tangay (PCA) ZREE, Th,

Makana kengi: 1 kapawa 2025 U KaHe TaHAanfaH Herisri afnemeHTTep apacbiHAafbl 6aitNaHbICTbl 3epTTey YLWiH KonAaHblnabl.
CapantamagaH eTTi: 30 Kapawa 2025 Ti3beKTi aKcTpakuma Hatuxkenepi ZREE HeridiHeH MOH anmacTbipbliaTtbiH dpakumaga (oprawa
KabbingaHapl: 13 winde 2026 22,0%) wWofblpNaHfaHblH, Kanablk dpakumagaH (15,3%) KocbiMLa ynectep KOCbUIFaHbIH YKaHe

6acTankbl cynbdu caTbicbiHAA alTap/bIKTal Kofapbl yaecke ue GonfaHbiH (53,4%) KepceTri.
KepiciHwe, Th xaHe U HerisiHeH 6acTtankbl cynbdua dpakumacbiHaa (cavikeciHwe 54,4% kaHe
41,3%) »kaHe Kanablk dpakumaga (cavikeciHwe 26,2% xaHe 45,0%) worblipnaHfaH. Al, Fe, Mn, Ca
»aHe Na cMAKTbI Heri3ri aneMeHTTep cas, OKCUA, KaHe OTKa Te3iMAj MUHepanabl uenepmeH calikec
Tapanyabl Kepcetti. CTatucTMKanblK Tangay XIREE aHe Ca-Na apacbiHgafbl OH, HainaHbICTbl
KepceTTi, an Th »kaHe U Fe-Mn 6ap dpakumanapmeH Tbifbi3 6ainaHbicTl 6onapl, byn aptypai ve
6akblnaynapbl MeH apTypAai Mobunmnsauma MiHes-Ky/KblH KepceTegi. byn HaTUKenep anmacatbiH
dpaKumMaga KannbiHa KeNTipineTiH cMpek KesaeceTiH Kepaeri 3 IMeHTTep Ny/blHbIH 6ap ekeHiH, an
Th »kaHe U-HblIH Kenwiniri TekcepinreH nariganaHy cxemacol 60MblHLLIA OHLWA TypaKcbl3 dasanapaa
KanatbiHbIH KepceTeni. COHAbIKTaH 3epTTey aMMOHWMIA-TY3Abl KyMCaK LWalkmanay Tabusu
pPaAVoaKTUBTI MaTepuangapabliH, LWbIFAPbUIYbIH LWeKTeil oTbipbin, FemaHr  WAC-TaH cupek
Ke3AeceTiH Xepaeri 3/IMeHTTepai CeneKkTUBTI TypAe KaanblHa KenTipyre biKknan eTyi MyMKiH
eKeHAiriHiH, reoXMMUANBIK AanenaepiH yCbiHaAbl, AereHMeH MUHePanornanblik BaauaaLma KaHe
AMHAMUKabIK Waiimanay CbIHaKTapbl 91 Ae KaxeT.

TyliiH ce30ep: CMpPeK Ke3[ecCeTiH }Kep 3N1eMEeHTTepi, TOPUI, ypaH, Ti3BeKTel 3KCTpaKumsA, UOH-
afcopbumanblKk cas, 6atbic KenaHTtaH, KOppenauuanbiK Tanaay.
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Feoxmmunueckoe pacnpegeneHne U Koppenauusa peaKkosemesbHbiX 3/1EMEHTOB,
TOPUA U ypaHa B MIOHHO-3aACOPOLMOHHDBIX rNMUHAX paiioHa FemaHr,
3anagHbiii KenaHntaH, Manaiisusa

Chang S.C., Fendy N.A., Shoparwe N.F., Yusoff A.H.

YHusepcumem Manalizuu KenaHmaH, Manatizus

AHHOTAUMA

Llenbto gaHHOroO MccnepoBaHua 6bIN0 onpeseneHne reOXMMUYECKOro pacnpeseneHuns obuiero
KonnyecTBa peaKo3emesbHbiXx 3nemeHToB (XIREE), Topua (Th) u ypaHa (U) B WOHHO-
aacopbuUMOHHBIX ranHax (MAT) u3 paiioHa FemaHr, 3anagHbii KenaHtaH, Manaisua, a Takwke
OLEHKa TOro, KaKk 3TO pacnpefeneHne MOMKET BAUATb HA CENEKTUBHOE u3BnedyeHue P33 npu
orpaHnYeHHOW MOBUAN3aLMM PaaMOHYKAMA0B. K penpeseHTaTBHbIM 06pa3Lam CanpoanToBbIX

Moctynuna: 1 Hoabpsa 2025 MAT 6blna npumeHeHa BOCbMMUCTyMeHYaTas npoueaypa nociaefoBaTelbHOM 3KCTpaKuuu, a
PeueHsnpoBaHue: 30 Hosbpa 2025 n3BneyeHHble $pakumMm 6bian  npoaHanusupoBaHbl Metogom ICP-OES. [Ona  u3yyeHwus
MpuHAaTa B Nneyatb: 13 urona 2026 B3aumocBasei mexay 2ZREE, Th, U K HeKOTOpbIMW OCHOBHbIMW 3nemMeHTamMu 6blan

[OMONHUTENIbHO  UCNONb30BaHbl  KOPPENAUMOHHbIM aHanu3 [MpcoHa M aHanAu3  NaBHbIX
KomnoHeHToB (PCA). Pe3ynbTaTbl NOCNeA0BaTe/IbHOM 3KCTPAKLMKU NOKa3anu, yto SREE B OCHOBHOM
CKOHL,EHTPUPOBaHbI B MIOHOOBMEHHOM dhpakumu (B cpeaHem 22,0%), C LONONHUTENbHBIM BKNAL0M
ocTatouHol ¢pakummn (15,3%) v 3aMeTHO BbICOKOM fonelt B NepBUYHOMN CynbOUAHOW CcTaauu
(53,4%). Hanpotus, Th n U 6biAn CKOHLEHTPUPOBAHbI B OCHOBHOM B NEPBUYHON CybdUAHON
dpakumn  (54,4% wn 41,3% COOTBETCTBEHHO) W oOCTaTouyHOM dpakummn (26,2% u 45,0%
cooTBeTCTBEHHO). OCHOBHbIE 3/1eMeHTbI, Takue Kak Al, Fe, Mn, Ca u Na, nokasanu pacnpegenexue,
COOTBETCTBYIOLEE T[IMHUCTBIM, OKCUAHbIM W  TYronaaBKMM MWHEPaNbHbIM  BMELLAoWUM
nopogam. CTaTUCTUYECKWUIA aHaIM3 MOKasa NoNOKUTENbHYIO Koppensauuio mexay 2REE n Ca-Na,
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Torga Kak Th u U 6b11u 6onee TecHo caasaHbl ¢ Fe-Mn-cogepskalwmmu bpakumamu, 4to ykasbisaet
Ha pasnnyHble GaKTOpPbI, BAUAIOWME Ha BMELLAIOWYIO MOPOAY, U PasinyHOe NoBeAeHue npu
Mobunusauuu. 3T pesynbTaTbl NpeAnonarailoT, YTO B OBMeHHOM ¢paKuuu npucyTcTByeT
BOCCTaHaBAMBaeMbli nyn REE, B To Bpems Kak 60bluas yactb Th u U ocTaetca B meHee 1abubHbIX
basax npu NPOTECTMPOBAHHOW cxeme 3Kcniyatauuu. Takum o6pasom, uccnegoBaHue
npeaocTaBnfeT reoXMMUYecKMe [OKasaTenbCTBa TOrO, YTO  MATKOE  BbllenauynBaHue
AMMOHUIHBIMM CONAMM MOXKET CMOCOBCTBOBATL CENEKTUBHOMY M3BneveHuto REE U3 pyaHbix
MECTOPOXKAEHUI [emaHr, orpaHuuMBas npu 3TOM BbIGPOC MPUPOAHLIX PAANOAKTUBHBIX
MaTepWanoB, XoTA A/ NOATBEPKAEHWA 3TOr0 HEOb6XOAMMbI AanbHEeNWne MUHEpanoruyeckme
UCCNef0BaHUA U AMHAMUYECKME UCMbITAHWA Ha BbILLeaunBaHue.

Kmiouesble cnoea: pearosemesibHble 3/eMeHTbl, TOPUiA, ypaH, nocaefoBaTeNbHas SKCTPaKLUMS,
WOHHO-aACOPBLUMOHHAA IWHa, 3anafHblii KenaHTaH, KoppenaumMoHHbIN aHanus.
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