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FOREWORD

Dear Readers,

This edition of Eksplorium contains five (5) research articles from various fields. The
first paper describes uranium and Rare Earth Element (REE) characterization from Rirang
uranium Deposits with titled “Distribution and Characteristics of Rare Earth Elements in
Uranium-Ore Deposits from Rirang Area, West Kalimantan Province, Indonesia” The second
paper is about identification of radioactive and REE in placer deposits with titled
“Characterization of Radioactive and Rare Earth Elements in Heavy Minerals from River
Sediments in Marau Region, Ketapang, West Kalimantan™. The third paper discusses about
development method for geological structure identification titled “Geological Structure
Identification Using GGMplus Satellite Gravity Data in The Area Surrounding Mount
Tampomas”. The fourth paper is a study for land suitability analysis, with titled “Geology and
Land Suitability Analysis for Final Processing Waste Site in Ambon Island”. The last paper is
about the method validation for the determination of REE oxide with titled “Validation of The
Gravimetry Method for Determining Rare Earth Elements Oxides”

We believe that Eksplorium can benefit readers, especially in developing insights into
nuclear minerals technology, including geology, mining, processing, and the environment.

Editor in Chief
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Distribution and Characteristics of Rare Earth Elements in Uranium-Ore
Deposits from Rirang Area, West Kalimantan Province, Indonesia

Tyto Baskara Adimedha®”, Rayhan Aldizan Farrenzo?, | Gde Sukadana!, Rosmalia Dita Nugraheni?,
Fadiah Pratiwi', Roni Cahya Ciputra!, Frederikus Dian Indrastomo?!, Heri Syaeful®, Yoshi Rachael*

'Research Center for Nuclear Material and Radioactive Waste Technology, ORTN-BRIN
KST B. J. Habibie, South Tangerang, Banten, 15314, Indonesia
2Department of Geological Engineering, Faculty of Earth Technology and Energy, Universitas Trisakti
Letjen S. Parman St., No.1, Campus A, West Jakarta, DKI Jakarta, 11440, Indonesia
*E-mail: tyto001@brin.go.id

Article received: 15 May 2024, revised: 30 May 2024, accepted: 31 May 2024
DOI: 10.55981/eksplorium.2024.7058

ABSTRACT

Uranium and rare earth elements (REE) are essential elements for the development of green environmentally
friendly, and sustainable energy. To meet the increasing demand for these raw materials, Indonesia has taken steps
to explore and map potential deposits, including the Rirang Sector in Melawi Regency, West Kalimantan. However,
the available information on the mineralization of these elements in the area is limited. Therefore, this study aimed
to provide a detailed characterization on the petrology and geochemical characteristics of uranium ore and to
synthesize the mineral genesis of uranium and REE-bearing ore in the Rirang Sector. The analytical methods used
included petrography, micro-XRF, and geochemical analysis. The results showed that uranium mineralization was
present in brannerites, uranophane, and swamboite associated with tourmaline and monazite ore. Similarly, REE
concentrations were hosted by REE-bearing minerals, such as monazite, xenotime, and loparite. Geochemically, the
uranium concentration in the monazite ore ranged from 1,110-28,440 ppm, while the total REE (TREE)
concentration varied between 85,320 to 138,488 ppm. The formation of uranium and REE mineralization were due
to the metasomatism process and its association with the Na-rich fluid of felsic intrusion. Notably, the weathering
process did not enrich uranium and REE content in the soil but rather decreased it due to the leaching process and
the absence of clay minerals capable of absorbing the REE cations on the surface of clay crystal structures.

Keywords: West Kalimantan, monazite, rare earth elements, tourmaline, uranium
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Characterization of Radioactive and Rare Earth Elements in Heavy
Minerals from River Sediments in Marau Region, Ketapang, West
Kalimantan

Fadiah Pratiwi'*, Yoshi Rachael!, Widodo?, Rachman Fauzi®, Nunik Madyaningarum®, Tyto Baskara
Adimedhal, Frederikus Dian Indrastomo?, I Gde Sukadana!

'Research Center for Nuclear Material and Radioactive Waste Technology, ORTN-BRIN
KST B. J. Habibie, South Tangerang, Banten, 15314, Indonesia
2Polytechnic Institutes of Nuclear Technology
Babarsari St., PO BOX 6101/YKKB, Sleman, D. I. Yogyakarta, 55281, Indonesia
3Research Center for Geological Resources, ORKM-BRIN
KST Samaun Samadikun, Bandung, 40135, Indonesia
“Research Center for Safety, Metrology, and Nuclear Quality Technology, ORTN-BRIN
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*E-mail: fadi005@brin.go.id

Acrticle received: 7 December 2023, revised: 29 May 2024, accepted: 31 May 2024
DOI: 10.55981/eksplorium.2024.6971

ABSTRACT

Alluvium deposits from the Kendawangan River located in Marau, Ketapang, West Kalimantan have been
known for their radioactive and rare earth mineral potential. In this paper, heavy minerals taken from alluvium
deposits will be characterized to determine the elemental distribution of uranium, thorium, and rare earth elements
in each mineral and their mineralogical composition. The samples are taken by panning and prepared using the
flotation method to obtain heavy mineral concentrates. Geochemical analysis was carried out using a Bruker M4
Tornado plus Micro-XRF and continued with mineralogical analysis using AMICS (Advanced Mineral
Identification and Characterization System) software. It was found that the distribution of heavy minerals from the
sand samples was dominated by manganoan ilmenite, ilmenite, rutile, zircon, magnetite, and monazite, as well as
thorite, cassiterite, xenotime, allanite, and other minerals in small quantities. Uranium, thorium, and rare earth
elements are found in monazite, thorite, xenotime, zircon, and allanite.

Keywords: heavy minerals, Micro-XRF, radioactive minerals, rare earth element
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Geological Structure Identification Using GGMplus Satellite Gravity Data in
The Area Surrounding Mount Tampomas

Haidar Prida Mazzaluna?, Rustadi?, Rahmat Catur Wibowo!"
!Department of Geophysical Engineering, Faculty of Engineering, Lampung University,
Sumantri Brojonegoro St. No.1, Bandar Lampung, Lampung, 35145, Indonesia
*E-mail: rahmat.caturwibowo@eng.unila.ac.id

Article received: 2 October 2023, revised: 2 April 2024, accepted: 22 April 2024
DOI: 10.55981/eksplorium.2024.6924

ABSTRACT

Satellite gravity provides a new alternative in geological exploration with several advantages, such as low
operational cost and large covering area. GGMplus satellite gravity data provide better accuracy for several
applications such as lithology or fault identification. Satellite gravity provides a new alternative in geological
exploration with several advantages, such as lower costs, broader area coverage, and easily accessible data. Mount
Tampomas is one of the areas that has geothermal prospects and a mountain area that has many types of rock
formations and faults. This research has been conducted using GGMplus satellite gravity data in the Mount
Tampomas area to obtain the second vertical derivative (SVD) and identify the fault distribution in the area. The
GGMplus Gravity Acceleration data was corrected and filtered to obtain SVD structures in the area. The structure
in this area is dominantly trending northwest-southeast and west-east. The area around Mount Tampomas forms a
structure in the form of a caldera. In addition, there are also structures trending north-south at coordinates 81500-
82000 E. Some of these structures were overlaid with a geological map to see the suitability of the processed data
with the geological conditions that have been studied. The comparison is done by overlaying the structure of the
interpretation results and the contour of the value 0 from the Second Vertical Derivative (SVD) data so that we get
four fault structures that correlate with the geological map, three calderas, and one lineament that correlates with
the lineament map.

Keywords: Mount Tampomas, GGMplus, gravity method, geological structure.
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Geology and Land Suitability Analysis for Final Processing Waste Site
in Ambon Island

Winardcova Vania Cerwyn Mailoa**, Micky Kololu®, Yuniarti Ulfa?, Deni Juanda Puradimadja®
'Program Study of Geological Engineering, Faculty of Engineering, Pattimura University,
Ir. M. Putuhena St., Kampus Poka, Kota Ambon, Maluku, 97223, Indonesia
2Program Study of Geological Engineering, Polytechnic of Geology and Mining "AGP"
Lodaya St., No. 38, Bandung, 40264, Indonesia
3Program Study of Geological Engineering, Faculty of Earth Science and Technology,
Institut Teknologi Bandung, Ganesha St., No.10, Bandung, West Java, 40132, Indonesia
*E-mail: mailovania@gmail.com

Article received: 18 March 2024, revised: 22 April 2024, accepted: 29 May 2024
DOI: 10.55981/eksplorium.2024.7042

ABSTRACT

The production of waste in Ambon City increased from 200 tons per day to 297 tons per day between 2017 and
2021, yet the state of the Toisapu landfill in Ambon did not keep up with this growth. The Toisapu landfill has been
in operation since 2007, however, due to its proximity to residential areas and slope of more than 20 percent, it is
currently in an overload state and requires a re-evaluation. The goal of this study is to identify a different landfill to
replace the Toisapu landfill that fulfills the Indonesian National Standards and functions as a Waste Processing and
Final Processing Site (TPPAS). This study combines an evaluation of the geological and non-geological parameters
using an environmental geological technique called Spatial Multi-Criteria Evaluation (SMCE). In order to determine
the most possible land, the study findings for each parameter are superimposed, assigned a value, and then added
together. According to the research’s findings, Wakal, which has 126,668 hectares of land is the best option. Since
the groundwater in this area is quite deep (>80 meters) and has low permeability, there is minimal possibility of
leachate seepage contaminating the groundwater. Wakal, unlike the Toisapu landfill, is located far from inhabited
areas and protected forests, with a slope of less than 20%.

Keywords: Ambon Island, waste, environmental geology, SMCE, waste processing, final processing.
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Validation of The Gravimetry Method for Determining Rare Earth
Elements Oxides

Afiq Azfar Pratama'*, Amalia Ekaputri Hidayat!, Rommy?, Suci Indryati', Roza Indra Laksmana?, Kurnia
Trinopiawan?!, Tri Purwanti®, Kurnia Setiawan Widana!, Aditya Widian Putra®, Mutia Anggraini?, Dzaki
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Article received: 22 March 2024, revised: 2 May 2024, accepted: 29 May 2024
DOI: 10.55981/eksplorium.2024.6972

ABSTRACT

The demand for minerals to meet technological developments is increasing, including minerals that contain
rare earth elements (REE). The levels of REE in solids can be determined using conventional analysis methods
(gravimetry) and instruments. Even though the instrument method provides more accurate results with a small
amount of analyte, the cost is higher compared to the gravimetric method, which requires more analyte and provides
good results. Therefore, the gravimetric method is a solution for areas with limited instruments and budgets. The
study aims to validate the gravimetric method for determining REE oxides levels, evaluate its precision and
accuracy, and assess its feasibility of use. In this study, two methods were used for REE analysis: the ASTM E2941-
14 method with sample weight modification and the addition of acid to increase REE oxides recovery and a
precipitation method using oxalic acid. The validation stages include sample dissolution, precipitation, filtration,
and ash-making. The research results show that the RSD value is 0.3154, which is smaller than 2/3 of Horwitz's
CV, namely 4.1727, which means it meets the precision acceptance requirements of ISO/IEC 17025:2017. The REE
oxides recovery value, which indicates accuracy, also increased to 97.74%. Therefore, the gravimetric method can
be used as an alternative for determining REE oxides levels.

Keywords: gravimetric methods, method validation, oxalic acid, REE oxides
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ABSTRACT

Uranium and rare earth elements (REE) are essential elements for the development of green environmentally
friendly, and sustainable energy. To meet the increasing demand for these raw materials, Indonesia has taken steps
to explore and map potential deposits, including the Rirang Sector in Melawi Regency, West Kalimantan. However,
the available information on the mineralization of these elements in the area is limited. Therefore, this study aimed
to provide a detailed characterization on the petrology and geochemical characteristics of uranium ore and to
synthesize the mineral genesis of uranium and REE-bearing ore in the Rirang Sector. The analytical methods used
included petrography, micro-XRF, and geochemical analysis. The results showed that uranium mineralization was
present in brannerites, uranophane, and swamboite associated with tourmaline and monazite ore. Similarly, REE
concentrations were hosted by REE-bearing minerals, such as monazite, xenotime, and loparite. Geochemically, the
uranium concentration in the monazite ore ranged from 1,110-28,440 ppm, while the total REE (TREE)
concentration varied between 85,320 to 138,488 ppm. The formation of uranium and REE mineralization were due
to the metasomatism process and its association with the Na-rich fluid of felsic intrusion. Notably, the weathering
process did not enrich uranium and REE content in the soil but rather decreased it due to the leaching process and
the absence of clay minerals capable of absorbing the REE cations on the surface of clay crystal structures.
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INTRODUCTION elements (REE) for the MiMH battery

Developing clean and efficient
technologies is imperative to reduce carbon
emissions and combat global warming,
specifically as technology continues to
advance rapidly. While renewable energy
sources such as solar, hydro, and wind power
are being prioritized in Indonesia, nuclear
energy presents as a viable option for
generating green energy. Developing those
energy sources requires critical materials such
as uranium for the nuclear fuel and rare earth

component.

The exploration of uranium and REE is
necessary to prepare the raw component for
developing green and clean energy. One
promising prospect of uranium and REE in
Indonesia is located in Kalan Area, Melawi
Regency, West Kalimantan [1], [2]. Some
sectors in the Kalan area with uranium and
REE potential are Tanah Merah, Jeronang,
Indramayu, Jumbang, Dendang Arai, and
Rirang [2]. In the Rirang Sector, uranium and
REE-bearing ore consist of monazite and
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tourmaline ore. The average total rare earth
oxides (REO) in monazite ore is 62,74%, and
in tourmaline, the REO is 3.62% [2]. Uranium
and REE resources in the Rirang area are
estimated at approximately 227 tonnes of
uranium and 3,917.59 tonnes of REO [2].
Mineralization signatures in the Rirang
area consist of uraninite, monazite, tourmaline,
pyrite, ilmenite, ilmenorutile, xenotime, and
apatite [1], [3]-[5]. However, there is no other
study on the distribution of the ore
mineralization for the coeval REE and
uranium. Therefore, this study aims to
characterize the ore's petrology and
geochemical characteristics and synthesize the
mineral genesis of uranium and REE-bearing
ore in the Rirang Sector, West Kalimantan.

REGIONAL GEOLOGY

The Kalan area is occupied by
predominant metamorphic, metasedimentary,
intrusive, and volcanic rocks. Metamorphic
rocks include quartzite, hornfels, and mica
schist. These rocks are composed of quartz,
biotite, and muscovite with accessory minerals
such as tourmaline, andalusite, corundum,
stilpnomelane, pyrophyllite, molybdenite,
epidote, and sericite. The metasedimentary
rocks consist of Jeronang metasiltstone,
metasiltstone, meta-argillite, Jeronang
metapelite, tuffaceous metapelite, and
interbedding metasiltstone and metapelite. The
metasiltstone-metapelite interbedding mainly
hosts uranium ore in the Kalan area (Figure 1)

[1], [2], [4}-[6].
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Figure 1. Geological Map of the Kalan Area, West Kalimantan. The Rirang Sector consists of the Jeronang
Metapelite and Uranium Mineralization Zone (modified from[1], [2])

The metamorphic and metasedimentary
rocks in the Kalan area were intruded by
Sukadana Granite, Sepauk Tonalite, and
Rhyodacite volcanic rocks. Both Sukadana
Granite and Sepauk Tonalites are classified as
Cretaceous intrusive rocks. Meanwhile,
Rhyodacite volcanic is classified as Oligocene

to Miocene Sintang Intrusive rock. Sukadana
Granite is composed of quartz, orthoclase,
plagioclase, biotite, zircon, and epidote.
Sepauk Tonalite is primarily composed of
biotite,  hornblende, and plagioclase.
Rhyodacite volcanic rock in the area consists
of biotite, hornblende, oligoclase, andesine,
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and quartz, with some being shallow intrusions
of sill or dike [1], [2].

The Rirang Sector consists of frequently
weathered metasiltstone and metapelite. The
bedding orientation is NNE-SSW and dipping
77°-86° directing to WNW [3], [4]. The
foliation structure is ENE-WSW oriented with
a dip of 40°-84° to NNW[3]. Subsequently,
metasiltstone is generally composed of quartz
and feldspar, with a minor amount of biotite
and muscovite. The alteration minerals found
in  metasiltstone are chlorite, sericite,
tourmaline, pyrite, and hematite. The
metapelite exhibits a spotted shale texture with
a unidirectional foliation structure. The spotted
shale texture is interpreted as andalusite
altered to fine sericite, muscovite, and quartz
minerals. The metasiltstone and metapelite
rocks are classified as greenschist facies[5].

The ore mineralization in the Rirang
Sector is mainly found in boulder size and
classified into two groups, tourmaline ore
boulder and monazite ore boulder. Uranium

and REE-bearing minerals consist of uraninite,
brannerite, monazite, and xenotime. These
minerals are associated with other ore minerals
such as molybdenite, ilmenorutile, ilmenite,
tourmaline, and apatite [5].

METHODOLOGY

Samples were collected from the field
along the Rirang River and represented by
barren host rock, monazite ore, tourmaline ore,
and weathered soil derived from monazite ore
(Table 1). A total of 16 samples consisting of
2 barren host rocks, 7 monazite ores, 1
tourmaline ore, and 6 weathered soils were
analyzed. This investigation's analytical
methods included petrography, micro-XRF,
and geochemical analysis. Petrography
analysis was conducted using Leitz Laborlux
11 Pol and Nikon Eclipse E200 Polarization
Microscope at Trisakti University, Indonesia.
A total of 8 were analyzed petrographically to
define the mineral composition, texture, and
characteristics.

Table 1. Sample types and analyses.

Analyses

No.  Sample Code  Sample Type 5o o nbe ™ Micro-XRE  XRF and ICP-MS
1 RR02.3 Host Rock X X

2 RRO09 Host Rock X X X
3 RR02 Tourmaline Ore X X

4 RR04 Monazite Ore X X

5 RRO7 Monazite Ore X X X
6 RR10 Monazite Ore X X

7 RR13 Monazite Ore X
8 RR17 Monazite Ore X X

9 RR18 Monazite Ore X
10 RR23 Monazite Ore X X

11  RHSO03 Soil X
12 RHS05 Soil X
13 RHSO07 Soil X
14 RHS09 Soil X
15 RHS11 Soil X
16 RHS15 Soil X

Notes: x denotes the performed analysis

Micro-XRF analysis was used to identify
the elemental distribution in ore and host rock.
This analysis was conducted using Bruker M4

Tornado Plus available in The Research Centre
for Nuclear Fuel Cycle and Radioactive Waste
Technology, The National Research and
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Innovation Agency, Indonesia. A total of 8 ore
and host rock samples were prepared in the
form of a 5 x 5 cm smooth surface slab sample.
During data acquisition, a pixel size of 35 pm
was used to analyze a total area of
approximately 30 x 30 mm. The X-ray tube
was operated at 50kV and 600 pA, and a pixel
time of 12 ms/pixel. The resulting maps were
processed using Bruker M4 Tornado software
to extract the elemental map from the sample.
The analysis was continued using Advanced
Mineral Identification and Characterization
System (AMICS) software to determine the
mineralogical composition of the sample[7],
[8].

The geochemical analysis involved
applying X-ray Fluorescence (XRF) and
Induced Couple Plasma-Mass Spectrometry
(ICP-MS). The XRF was used to determine
major oxide composition and ICP-MS to
identify trace elements in the samples. A total
of 10 samples were analyzed at Indomineral
Research, Indonesia, using Bruker S8 Tiger Il
for XRF analysis and Agilent 7900 ICP-MS
for ICP-MS analysis. In this study, both
Micro-XRF and XRF were used, with the
former providing an advantage in elemental
mapping across the samples, while the latter
offered higher accuracy in quantification.
Therefore, the use of dual analyses, remains
relevant in this investigation.

RESULTS
Mineralogy

The host rock sample RR02.3 is a
metapelite showing phyletic foliation with
epiblastic-hypidioblastic texture. Foliation
structures are evidenced by the linear
alignment of fine clays composed of illite,
kaolinite, chlorite, and wonesite. The AMICS
analysis confirms the linear orientation of
illite, kaolinite, and chlorite, and also
identified other mineral compositions, such as

almandine, cordierite, andalusite, staurolite,
and tourmaline (Figure 2), that are usually
present in trace amounts. Host rock sample
RRO9 is identified as metasiltstone, with slaty
cleavage with lepidoblastic and xenoblastic
texture. The mineralogy of the sample is
composed of muscovite, oligoclase, and illite.
Muscovite alters to a clay mineral with
weathering, and hematite is found as a vein.
The AMICS analysis indicates that the clay
minerals in the metasilt are montmorillonite,
illite, chlorite, and kaolinite. Metasiltstone also
contains beryl and tourmaline in very small
amounts.

Tourmaline ore, represented by RRO2,
shows a tourmaline vein with a predominant
mineral composition of wonesite and
polycrystalline quartz (Figure 3). Apatite
occupies the edge of the tourmaline vein, and
monazite is identified as an accessory mineral
in the sample. The ore minerals found in the
sample are rutile, magnetite, ilmenite, and
brannerite. Brannerite and monazite are
identified as wuranium and REE-bearing
minerals in the tourmaline ore. The AMICS
analysis shows that erlianite and apatite are
formed and occupy the edge of the vein.
Brannerite and uranophane are found in
uranium-bearing veins and are associated with
xenotime, monazite, and apatite.

The monazite ore is dominated by an ore
body of monazite with a uranium-bearing vein
that cross-cuts the ore body. Monazite occurs
in the form of polycrystalline grain having
irregular and sutured boundaries. Accessory
minerals found in the monazite ore include
apatite, xenotime, tourmaline, ilmenite, rutile,
pyrite, molybdenite, magnetite, quartz,
hornblende, chlorite, and hematite. The quartz
crystals are found in between monazite
crystals. Almandine, cordierite, sudoite, and
copper mineral are identified using AMICS
analysis.
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Figure 2. The AMICS results of metapelite host rock show spotted shale texture representing the foliation
orientation. (Alm= almandine, Ano= anorthite, Chl= chlorite, Crd= cordierite, llt=illite, KIn=kaolinite,
Ms=muscovite, St=staurolite, Wns=wonesite. The AMICS results of metapelite host rock show spotted shale
texture representing the foliation orientation. (Alm= almandine, Ano= anorthite, Chl= chlorite, Crd= cordierite,
llt=illite, KIn=kaolinite, Ms=muscovite, St=staurolite, Wns=wonesite. Mineral abbreviation after [9].

Figure 3. Microphotograph and AMICS result of tourmaline ore. Ore microphotograph shows brannerite as a

uranium-bearing mineral associated with magnetite and rutile. AMICS result shows tourmaline vein associated
with apatite, brannerite, and uranophane that cut the tourmaline ore (Ap= apatite, Bnr= brannerite, Chl= chlorite,
Ep=epidote, Ern=erlianite, Mag = magnetite, Mnz-Ce=monazite-Ce. Qz=quartz, Rt=rutile, Sud=sudoite,
Tur=tourmaline, Urp-o= uranophane, Xtm-Y= xenotime-Y. Mineral abbreviation after [9].

Uranium-bearing minerals found in the
monazite ore are identified as brannerite and
uranophane. These minerals are found in veins
or spotted minerals associated with
molybdenite, magnetite, rutile, ilmenite, and
hematite. In addition, brannerite is found in
prismatic form or irregular aggregates, despite

a few brannerites occurring as deformed
minerals (Figure 4). Molybdenites appear as
irregular  deformed-shaped inclusion of
monazite. Based on AMICS analysis,
swamboite presents as a secondary uranium-
bearing mineral in the monazite ore.
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Figure 4. Microphotograph of monazite ore showing deformed brannerite, molybdenite, and polycrystalline
monazite associated with apatite and epidote (Ap= apatite, Hbl= hornblende, Ep= epidote, Mnz-Ce = monazite,
Rt= rutile, Mo= molybdenite. Mineral abbreviation after [9].

Elemental Distribution

The elemental distribution of host rock
samples (RR.02.3 and RR0Q9) is predominated
by Si, Al, Fe, and K (Figure 5). These elements
usually occur in silicate minerals such as K-
feldspar, mica, and clays. These elements form

Al

a clay mineral that dominates the host rock
sample in the form of wonesite, illite,
kaolinite, montmorillonite, and chlorite. Other
minerals composed of these elements are
muscovite,  oligoclase, albite, biotite,
staurolite, and cordierite.

Figure 5. The distribution of dominant elements such as Al and Fe in the host rock sample indicates K-feldspar,
mica, and clays distribution.

Uranium and REE are mainly found in the
tourmaline and monazite ore samples. Si, Al,
Fe, and Mg dominate the major element of
tourmaline ore. These elements are found in
tourmaline and wonesite minerals that are
dominant in the sample. Uranium distribution
in tourmaline ore concentrated along the
veinlet associated with the Y element. The
REE distribution can be divided into two
groups, the Ce-Nd and Y groups. The Ce-Nd
elements are closely associated and distributed
randomly in the sample. On the other hand, Y

is concentrated along the veinlet and at the
edge of the tourmaline ore (Figure 6). The U-
Y assemblages are incorporated in brannerite
minerals, whereas Ce-Nd elements are
incorporated in monazite, and Y s found in
xenotime.

The elemental distributions in sample
RR10, as monazite ore samples (Figure 7), are
composed of Ce, La, P, and Nd, representing
the monazite mineral. Uranium is distributed
along the crack of the sample in the form of
brannerite, uranophane, and swamboite
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minerals. The cracks are filled with elements
such as Fe, Si, Cu, and Mo. The Fe is
incorporated either in almandine or chlorite; Si
represents quartz, Cu represents the
occurrence of native copper, and Mo
represents molybdenite. REE in the monazite
ore sample includes Ce, La, Nd, Sm, Gd, and
Y. The last element is the primary element
found in xenotime. Furthermore, Gd occurs in

Figure 6. Distribution of uranium and REE in a tourmaline ore sample.

trace amount and mainly form loparite
mineral, and uranium distribution in monazite
ore is associated with the Y element in several
veins or cracks. But the other REE elements,
such as Ce, La, Nd, Sm, and Gd are the
dominant element across the samples,
indicating that the monazite ore is formed
before the uranium mineralization.

- A

Figure 7. Distribution of uranium and REE in a monazite ore sample.

Geochemistry
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SiO appears as the major element in the
soil and host rock samples (ranges from 46.23
to 64.74%), much higher than the constituent
in the monazite ore (1.46-16.73%).
Subsequent major oxide compositions are
Fe203, Al,O3, and KO (Table 1). The silicate
minerals dominate the soil and host rock and
have undergone a weathering process, forming

clays. In contrast, major oxides, such as CaO,
MgO, MnO, Cr20s, and P.Os, are relatively
higher in monazite ore than in the soil or host
rock sample. The presence of ore minerals
such as monazite, apatite, and tourmaline
cause the high concentration of these elements
in monazite ore.

Table 2. Mayor oxide composition (wt.%) of soil, host rock, and monazite ore from the Rirang Sector.

El t Soil Host Rock Monazite Ore

ément “PHS03 RHS05 RHSO07 RHS09 RHSIL RHSI5  RRO09 RRO7 RR13 RR18
Si02 4929 6021 6474 4977 4623 5006 61.93 7.67 16.73 1.46
Fe,03 931 710 1217 827 1365 12.81 7.14 2.19 3.03 113
Al,Os 2776 2168 1542 2962 2723 2527 20.45 5.83 12.98 131
Ca0 <001 <001 <001 <001 <001 <001 056 3.77 0.29 0.06
MgO 025 025 017 043 028 017 1.28 052 1.18 078
MnO <001 <001 001 001 001 001 0.06 0.20 0.16 0.25
Cr20s 001 003 005 014 002 001 0.02 1.35 1.30 1.68
NazO 128 105 074 225 107 131 1.74 1.90 1.63 1.38
K20 439 175 051 609 267 344 2.65 271 255 053
TiO, 122 103 095 136 122 134 0.90 0.48 1.50 1.16
P20s 013 012 030 005 008 0.09 0.29 16.11 10.72 17.49
LOI % 842 838 721 735 1031  7.67 4.45 255 3.32 0.87

The highest uranium concentration is found in
monazite ore sample RR07, reaching 28,440 ppm,
followed by other monazite ore RR18 (3,230 ppm),
and RR13 (1,110 ppm). In the host rock sample, the
uranium concentration reaches 391.96 ppm. In the soil
sample, the uranium concentrations vary between
38.72-241.76 ppm (

Table 3), indicating that the uranium element
has leached out during weathering and is
concentrated mainly in the ore body of
monazite and tourmaline ores. The total REE
(TREE) concentration in monazite ore is about
85,320-13,8488 ppm. REE in monazite ore is
dominantly composed of light REE (LREE),
with concentrations ranging from 81,813 to
133,772 ppm. Meanwhile, heavy REE (HREE)

concentration ranges from 1,472 to 2,532 ppm
(Table 4).

The variation diagram of uranium
compared to several major oxides and trace
elements (Figure 8) shows that uranium has a
positive correlation with Na,O and P0s,
indicating that uranium-bearing minerals are
chemically composed of elements such as
brannerite, uranophane, swamboite, loparite,
and monazite. The positive correlation
between uranium and P20s also indicates that
apatite and xenotime form co-genetically
during uranium mineralization[10]. On the
contrary, the negative correlation between
uranium and Al2Os and Fe»Os indicates that
uranium is not associated with silicate and
ferrous minerals such as clays and
ferromagnesian minerals.
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Table 3. Trace elements composition (ppm) of soil, host rock, and monazite ore from the Rirang Sector.

El Soil Host Rock Monazite Ore
ement RHS03 RHS05 RHS07 RHS09 RHS11 RHS15 RR09 RRO7 RR13 RR18
Li 15.9 12.0 5.0 16.0 18.7 17.9 475 3.4 15.8 2.9
Be 1.9 11 1.0 2.0 2.1 2.4 26 05 1.2 0.4
\Y; 184.6 164.2 240.9 187.1 218.7 190.5 134.3 312.8 199.5 82.3
Co 8.4 8.7 9.2 6.0 8.7 8.9 37.6 26 48 1.2
Ni 74.0 59.2 154.8 48.8 90.4 126.0 75.1 15 6.5 <0.001
Cu 405 345 78.5 29.3 35.2 485 34.8 34 112.1 24.9
Zn 11.2 9.6 15.8 12.1 10.3 42 56.9 5.2 45 0.2
Ga 38.1 30.9 35.0 36.2 35.2 38.9 58.6 879.7 1,087.7 1,582.4
As 16.5 19.8 15.0 14.3 20.8 15.0 27.1 189.7 312.8 516.9
Se 3.0 1.7 55 05 1.0 1.4 14.0 243.1 322.3 456.1
Rb 209.7 86.1 235 248.9 177.3 232.6 169.1 9.9 82.0 1.3
Sr 21.3 19.2 35.3 13.0 33.3 324 105.6 50.8 142.4 26.3
zr 88.0 715 50.8 771 70.8 85.3 57.3 28 160.3 38.2
Nb 10.7 55 11.7 15.5 55 4.0 55 24.2 66.7 60.4
Mo 2,540.0 149.3 44.1 135.1 209.9 18.4 95.6 4,740.0 283.7 592.8
Ag 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.3 0.1
Cd 46 05 0.3 05 0.6 0.3 0.4 1.0 0.9 1.0
Sn 1.7 3.0 41 16 0.9 0.4 6.6 2.0 1.7 <0.001
Sh 0.2 0.3 0.4 0.2 0.5 0.3 05 0.7 0.4 0.1
Te 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.4 0.4 0.2
Cs 38 2.8 1.4 3.9 5.7 6.4 6.5 05 0.9 0.2
Ba 481.8 250.2 77.2 568.4 281.1 372.6 316.6 53.2 575.4 17.9
Hf 25 2.2 1.9 2.4 1.9 25 2.0 11.8 14.4 18.4
Ta 0.9 0.7 11 1.3 0.5 05 0.7 21 2.9 3.0
W 47 3.4 6.5 55 2.1 1.3 34 19.7 39.0 138
Pb 59.7 25.2 115.2 276 6.7 6.9 88.2 3,840 1,260 1,550
Bi 0.3 0.4 05 0.2 0.2 0.2 0.4 0.4 0.6 0.2
Th 222 42.3 33.3 20.8 20.0 276 17.1 20.3 24.6 36.9
U] 184.2 38.7 2418 107.5 84.4 91.4 3920 28,4400 1,110.0 3,230.0
Table 4. REE composition (ppm) of soil, host rock, and monazite ore from the Rirang Sector.
Element Soil Host Rock Monazite Ore
RHS03 RHS05 RHS07 RHS09 RHS11 RHS15 RR09 RRO7 RR13 RR18
La 192.1 119.3 381.8 30.2 44.3 102.9 840.2 18,420 24,710 34,960
Ce 401 254.5 593.4 65.8 69.5 131.7 1,630 39,220 46,400 > 50000
Pr 455 271 89.3 6.1 9.9 20.6 194.9 4,560 5,130 8,730
Nd 156.3 84.9 286.7 188 28.8 54.8 651.1 15,170 16,290 31,360
Sm 275 13.7 46.8 35 48 8.1 127.6 2,960 3,080 5,860
Eu 28 1.4 42 1 0.9 1.1 6.5 123.6 134.9 182
Gd 12.8 6.8 19.7 1.8 21 36 55.9 1,360.00 1,520.00 2,680.00
Tb 16 0.8 25 0.2 0.3 0.4 7.4 180.7 182.9 324.2
Dy 9.1 43 16.6 1.6 21 26 41.4 1,090.00 952.4 1,620.00
Ho 11 0.6 2.2 0.2 0.3 0.3 48 136.6 104.1 176.4
Er 2 1.1 3.9 0.6 0.7 038 8.3 239.4 149.4 257.9
Tm 0.3 0.1 0.4 0.1 0.1 0.1 0.9 274 13.9 24.8
Yb 1.6 1 2.3 0.7 0.9 0.9 48 140.9 57.3 106.3
Lu 0.2 0.1 0.3 0.1 0.1 0.1 0.7 19.7 121 22.8
Sc 28.4 238 30.3 35 36.4 32.6 22.3 324 205 47
Y 104 85 22.9 36 48 49 76.4 1,640.00 1,130.00 2,180.00
TREE 892.8 5482  1,503.30 169.2 206 3655 367330 8532080 99,887.40  138,488.90
(La/Yb)y 79 84.1 113.7 30.3 34.9 80.3 118.7 88.3 291.3 222.3
(La/Sm)y 4.4 55 5.1 5.4 5.8 8 41 3.9 5 38
(Gd/Yb)y 6.3 5.8 7 2.2 2 3.4 9.5 7.8 215 20.4
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Figure 8. Variation diagram of uranium versus several major oxides and trace elements.

Compared to other elements, uranium
exhibits a relatively strong positive correlation
with  marker elements of hydrothermal
alteration products, including Cu, Mo, V, and
Pb. Positive correlation suggests that these

elements are enriched during the uranium
mineralization process. U-Cu and U-Mo
correlation shows relatively higher enrichment
in the soil sample than other elements. Mo and
Cu are believed to be adsorbed to the clay

[10]
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mineral during the weathering process. They
are derived from the leaching process of host

minerals, such as biotite, magnetite,
hornblende K-feldspar, plagioclase, and
ilmenite[11].

The variation diagram of TREE and
several major oxides, uranium, and trace
element (Figure 9) shows positive correlations
with Na,O and P20s, indicating that REE are
mainly incorporated into phosphate or sodium
oxide minerals as the REE-bearing minerals
such as monazite, xenotime, apatite, and
loparite. Mn oxide plays an important role in
the distribution of REE because Mn oxides can
bind REE through several processes, such as
coprecipitation,  adsorption, and  ion
exchange[12]. The Na.O and REE tend to
become  enriched in post-magmatic
hydrothermal fluids. As a result, these
elements are often closely associated with each
other. On the other hand, TREE shows a
negative correlation to Al.Oz3 and Fe20s,
indicating that REE is not enriched in clay-rich
rocks or highly weathered soil. TREE shows a
positive correlation compared to uranium and
other trace elements such as Cu, V, and Pb.
The data indicate that TREE and uranium are
co-genetically concentrated during
hydrothermal alteration.

The C1 Chondrite normalization[13] in
the trace element diagram (Figure 10a) shows
that the HFSE and LILE exhibited a greater
depletion pattern than the Upper Continental
Crust (UCC)[14] and the Post Archean
Australian Shale (PAAS) [15]. On the other
hand, uranium and REE show enrichment
patterns, except for Eu, which shows
depletion. The Eu depletion, followed by Sr
and K depletion, indicates the weathering
process of plagioclase[16]. In addition, the Eu
depletion  also  indicates  plagioclase
fractionation in the magma source[12], [14].

The multi-element diagram of the REE-
C1 chondrite (Figure 10b) shows an LREE
enrichment and an HREE depletion pattern.
These patterns indicate two alteration types
during the uranium mineralization process, K-
feldspar alteration and silicification[17], [18].
These patterns are also similar to the typical
monazite that probably act as the main source
of REE analyzed in the sample. The REE
pattern in the soil sample shows similarity to
the ore and host rock sample but has a lower
value. The lower value indicates an early
leaching phase of weathering process[19],
[20].
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Figure 10. The multi-element plot of monazite ore, host rock, and soil in the Rirang Sector, West Kalimantan.
a) Monazite ore and metasiltstone host rock show a depletion pattern in HSFE and LILE and enrichment in
uranium and REE. b) Monazite ore, host rock, and soil show enrichment patterns in LREE and depletion patterns
in HREE.

DISCUSSION

The host rock for uranium and REE
mineralization in the Rirang Sector are
metamorphic rocks, including metapelite and
metasiltstone. The metamorphic rocks were
characterized by slaty to phyllitic foliation and
spotted shale textures. The spotted shale
texture is a result of clay minerals from
weathered andalusite minerals, like wonesite
and kaolinite. The occurrences of almandine,
cordierite, and staurolite minerals indicate the
regional metamorphism process. Paragenesis
consisting of muscovite, almandine, and
andalusite minerals indicates that the area's
metamorphism facies were greenschist facies.

The rocks' REE pattern and Eu anomaly
indicate the source rock characteristics[15]. A
high LREE/HREE ratio and negative Eu
anomaly are commonly found in granitic
rocks[21]-[23]. The C1 Chondrite normalized
REE plot shows a fractionated REE pattern
((La/Yb)N = 88.31-291.34, mean = 180.15),
characterized by highly fractionated LREE
((La/Sm)N = 3.75-5.05, mean = 4.21) and
HREE ((Gd/Yb)N = 7.82-21.49, mean =
14,8). In addition, REE pattern shows negative
Eu anomaly, positive Ce anomaly, and
enriched LREE/HREE ratio. This suggests that
meta-siltstone and monazite ore are derived

from felsic source rocks [24]. The granite
intrusions north of the Rirang Sector (Figure 1)
are strongly expected as a source of uranium
and REE-bearing fluid. Uranium, REE, and
several trace elements are commonly soluble
in Na-rich rather than K-rich fluid. The
occurrences of oligoclase and albite in the
tourmaline and monazite ore characterize the
Na-rich fluids. Moreover, Na-rich calc-silicate
minerals such as hornblende associated with
albite and oligoclase indicated the occurrence
of sodic alteration [25]. On the other hand, the
mineralization of brannerite, uranophane, and
swamboite also indicated that the Na-
metasomatism process occurred at medium
temperatures [26]-[29]. The source of this
metasomatism process is due to granitic
intrusion in the north of the Rirang Sector and
regionally correlated as Sukadana Granite.
The Rirang Sector is characterized by
various  mineralization and  alteration
processes that form several uranium and REE-
bearing minerals, such as brannerite,
uranophane, swamboite, monazite, xenotime,
apatite, and loparite. Monazite, xenotime,
apatite, and loparite are dominant LREE host
minerals among these minerals. The high
LREE/HREE ratio and negative Eu anomaly
observed in the monazite ore indicated that

3]
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these minerals originated from the felsic
igneous source rocks.

In the samples studied, brannerite is the
primary uranium-bearing mineral. This
mineral cross-cuts the tourmaline and
monazite ore, indicating that brannerite is
formed in a later phase than both ores.
Subsequently, brannerite is associated with
pyrite, molybdenite, ilmenite, magnetite,
rutile, and hematite, indicating the occurrence
of the hydrothermal process during
mineralization. Swamboite and uranophane
are the later uranium mineral that formed
resulting from the groundwater oxidation of
brannerite [30].

The soil in the Rirang Sector, produced
through weathering processes, exhibits a
similar REE pattern to the host rocks and
monazite ore. This similar pattern indicates an
early phase leaching process of the monazite
ore and host rock due to weathering [19], [20].
In some cases, weathering process can enrich
the REE content in the soil [17], [28], [29],
[31], with the main factor controlling the
enrichment being clay minerals such as
smectite, illite, kaolinite, and halloysite that
act as adsorption agent of REE ions [19], [20],
[32], [33]. In the Rirang sector, the clay
mineral products are wonesite, illite, and
kaolinite. Hence, the REE ions leach into the
groundwater.

CONCLUSION

The Rirang Sector in West Kalimantan
contains metapelite and metasiltstone that
contain uranium and rare earth element (REE)
mineralization. The dominant clay minerals in
these rocks are derived from volcanic sources,
and the alteration minerals are a product of
hydrothermal alteration. Tourmaline and
monazite ores are associated with uranium and
REE mineralization. On the other hand, REE
mineralization occurs in the form of monazite,

xenotime, and loparite. The enrichment of
uranium, REE, and other trace elements are
believed to be due to their association with the
Na-rich fluid of felsic intrusion. The north of
the Rirang Sector's felsic intrusions correlates
with the Sukadana Granite on the regional
scale. The enrichment process of REE is
apparently due to the fractional crystallization
of felsic fluid forming monazite, xenotime,
apatite, and loparite. Furthermore, uranium
enrichment is related to hydrothermal
alteration, forming brannerite, uranophane,
and other alteration minerals such as
molybdenite, pyrite, copper, rutile, ilmenite,
and magnetite. The interaction of the uranium-
bearing mineral and groundwater forms
secondary uranium mineral swamboite. The
weathering process does not enrich the
uranium and REE content in the soil but tend
to decrease due to the leaching process and the
absence of clay minerals that capable of
binding REE ions into the soil.
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ABSTRACT
Lraniwm aned rive carth clememnts (REE) e essential elements for the deselopment of green environme ntilly
friendty, aind sustamahle energy. To meet the increasing demind for these row materials, Tndonasia has taken steps
o cxplore and mup potential deposits, incledmg the Rirang Sector in Melawi Regency, West Kalimantan. Howe ver.
the aviilahie mformation an the mineralization of these elements in the aren is limited. Therefore, this study simed
to prowide o detalled characterization on the pemrology and geochemical characteristics of eranium are and to
synthesize the mineral genesis of uranium and REE-beuring ore inrhe Rirang Sector. The analytical methods used
mcheded permoeraphy, micro-XRF, and geochemica! analysis, The results showed thar uranivm mincralization was
e anid swambaite assoctited with tourmaling end monazite ore. Similaly, REE
conce ntri ipns were hosted by REE-bearing minerals. such is moenazite, xenetime. and lopariie. Geochemicully, the
uraminm concentration in the mongzite ere rangad from 11628440 ppm. while the ol REE (TREE)
concentration viried between £5.320 oo 138 488 ppm: The formation of wnmivm and REE mineralization were duc
to the metasomitism process and 115 assoctation with the Na-rich Huoid of felsie intrision. Notably, the weathering

: :
present in branmeribes . wrang

procasg did nt ancich ueiniom and REE contear i the snil bor rather deeragsed it due o the leching process and

the absence ol clay minenils capable of sbsorbing the REE cations on the surface of clay coystal struciures.

Keywords: monazite, rare earth clement s, toammaline, aranium, West Kalimantan

INTRODUCTION clements (REE) for the MiMH  baiery
Developing  clean and  efficient  componznt.

technologies is imperative w reduce carbon The exploration of wanium and REE is

emissions and combat plobal warming, necessary to prepare the row component for

specilically as technology continues (o developing green and elean energy, One

advance rapidly. While renewable energy
sources such as solar, hydro, and wind power
are being proriized o Indonesia. nuclear
cnergy  presents viable option for
generating green energy. Developing t(hose
enersy sources requires critical materials such

A% 4

as urinium for the nuclear fuel ond rare carth

promising prospect of anium und REE in
Indonesia is located in Kalan Arca, Melawi
Regency, West Kadlimantan |1). [2]. Some
sectors in the Kalaggarca with wraniupy and
REE potential are Tanah Merah, Jeronmg,
Indramayu, Jumbang, Dendang Arai. and
Rirang [2]. Inthe Rirang Sggor, uranium and
REE-bearing ore consist of monazite and

(]




Existripution end Charcereristies of Rare Earth Eleeaents in Uvaniwm-Ore Deposits fron Rivang Avea, West
Kalimanrar Provirce, Indenesio
By Adfmedho o gl

tourmaling orz. The average total rare carth
oxides (REQ) in monazite ore is 62,74%, and
in towrmaline, the RED 15 3.62% [2]. Uranium
and REE respurces in the Rirang area are
estimated w approximately 227 tonnes of
uranium and 3917.59 tonnes of REO | 2].
Mineralization signatures in the Rirang
arca consist ol uraninile, monasile . tourmaline .
pyrite. ilmenite, ilmenarutile, tenonme, and
apatite [1], [3]-[3]. However, there 15 no other
study on the distribution of the aore
minzralization for the coeval REE and
uranium. Thareforz, this study aims 1o
characteriee  the petrology  and
geochemical characterisiics and synthesize the
mineral genesis of urinium and REE-bearing
ore in the Rirang Sector, West Kalimantan.

ore's

REGIONAL GEOLOGY

The Kalan area is  occupied by
predominant metamorphic, metasedimentary
introsive. and voleanic rocks. Metamaorphic
rocks include quartzite. hornfels. ggd mica
schist. These rocks are composed of quartz,
biotite, and muscovite with accassory minerals
such as tourmaline, andalusite, comndum,
stilpnomelane,  pyvrophyllite,  molybdenite,
epidote. and sericite. The metsedimentary
rocks comsist of Jeronang  metasiltstone,
metasilistone, meta-argillite,  Jeronang
metapelite,  mwifaceous  metapelite,  and
interbedding metasilistone and metapelite. The
metasilistone-metapelite mterbedding mamnly
hosts uranium ore in the Kalan area (Figure 1)

(11,121, [2-[6].
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Figure 1. Geological Map of the Kalin Area, West Kolimontan. The Rirang Sector consists of the Jeronang
Metapelte and Ursmium Mineralization Zone (medified fram[ 17, [2T)

The metumorphic and metasedimentary
rocks in the Kalan area were intruded hy
Sukadana Granie, Sepauk Tonalie, and
Rhyodacite voleanie rocks. Both Sukadana
Granite and Sepauvk Tonalites are classified as
Cretaceous  Inrusive  noeks.  Meanwhile,
Rhyodacite volcanic is classified as Oligocene

to Miocenegintang Intrusive rock. Sukadana
Granite is composed of guartz, orthoclase,
plagioclase, biotiwe, zircon, and epidote.
Sepauk Tonalite is primarily composed of
bictite.  hornblende. and  plagioclase.
Rhyodacite volcanic rock in the area consisis
of hiotite, homblende. oligncluse, andesine,




Eksplorium

Wolume ks Nov s, MeyMNovember?2(xx: wx-xx

-1SSN U554-1418
P-155N Z303-426X%

and quartz, with some being shallow intrusions
of sill or dike [1], [2].

The Rirang Sector consists of frequantly
weathered metasiltstone and metapelite. The
bedding orientation is NNE-SSW and dipping
77°-86" directing to WNW [3]. [4]. The
Foliation structure is ENE-WSW oriented with
a dip of 407 84° o NNW|[3]. Subsggpemly,
metasiltstone is generally composed of guartz
and feldspar, with a minor amount of biatite
and muscovite. The alteration minerals found
are  chlorile,  seneite,

and hematite.  The
metapelitz exhibits a spotied shale texture with
aunidirectional foliation structure. The spotied
shale texture is interpreted as  andalosite
altered 1o fine sericite. muscovite. and quartz
minerals. The metasilistone and mctapcliic
rocks are classified as greenschist facies[3].

The ore minemlization in the Rirang
Sector is mainly found in boulder size und
classified im0 two groups, tourmaline ore
boulder and monazite ore boulder. Uranium

i metasiltsione

tourmaline,  pyrite,

and REE-bearing minerals consist of uraninite,
brannerite, gggnaziic, and xenoume. These
minzrals are associated with other ore minerals
such as molvbdenie, ilmenorutile, ilmenite.

tourmaline, and apatite [5].

METHODOLOGY

Samples were collected from the field
alone the Rirang River and represented by
barren host rock, monazite ore, tourmaline ore.
and weathered soil denived from monazife ore
{lable 1). A ol of 16 samples consisting ol
2 barren host rocks, 7 monazite ores, |
tourmaline ore, and 6 weathered soils were
analyzed. investigation's
methods included petrography, micro-XRF,
and  geochermeal  analysis.  Petrography
analysis was conducted using Leitz Laborlux
11 Pol and Nikon Eclipse E200 Polarization
Microscope at Trisakti University, Indonesia.
A wital of & were anulyzed perographically w
define the mineral composition, lexture, anid

This analytical

characteristics.

Table 1. Sunple types and analyses.

= Analyses
No. SampleCode SampleType 5o o ohy  MicroXRF _ XRF and ICP-MS
1 RRO23 Host Rock % x
2 RREOY Host Rock b x x
3 RRO2 Tourmaline Ore X X
4 RO Monzzite Ore kS X
5 RROT Monzzite O X X x
b ERILD Mongaite Dre X x
7 REI3 Monzzie Ore x
4 RR17 Mo eite O X X
] REIHE Menazite (e X
10 RR23 aonﬁzitc e x X
11 RHS03 Sod x
12 EHSOS Sod X
13 RHS07 Sl A
14  RHS09 Sod X
15 RHSI1I Sod x
16 RHSIS ol X
Mates: x denotes the performed analysis

Micro-XRF analysis was used to wentify  Tornado Plus available in The Research Centre

the cmm nial distribution 10 ore and host rock.

for Nuclear Fuel Cyele and Radioactive Waste

This analysis was conducted using Bruker M4 Technology, The National Rescarch and
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Innovation Agency. Indonesia. A total of ¥ ore
and host rock samples were prepared in the
formof a5 x 5em sm{m!m.lrfucc slab sample.
During data acguisition. a pixel size of 35 pm
was used (o urea  of
approximately 30 x 30 mm. The @gay wbe
was operated at S0kY and 600 g A, and a pixel
time of 12 ms/pixel. The resulting maps were
processed using Bruker M4 Tomado software
o extraet the elemental Ep from {msumple‘
The analysis was continued using Advanced
Mineral Identification and Characterization
System (AMICS) software to determine the
mineralogical composition of the sample[7].
18].

The ggeochemical  analysis
applving X-ray Fluorescence (XRF) and
Induced Couple Plasma-Mass Spectrometry
(ICP-MS). The XRF was used o determine
major oxide composition and ICP-BS 10
identify trace clements in the samples. A oral
of 10 samples were analvzed at Indomineral
Research, Indonesia, using Bruker S8 Tiger 11
for XRF analysis and Agilent 7500 ICP-MS
for 1CP-MS uanulysis. In this study, both
Micro-XRF and XRF were used, with the
former providing an advantage in elemental
mapping across the samples, while the laner
oifered higher accuracy in guantification,
Therefore, the use of dual analyses. remains
relevant in this investigation.

anilyze a  total

involved

RESULTS
Mineralogy

The host rock sample RRO23 is a
metapelite showing phyletic foliation with
epiblastic-hypidioblastic  texture.  Foliation
structures  are  evidenced by the lingar
alignment of lne claye composad of illite,
kaolinite, chlorite, and wonesite. The AMICS
analysis confirms the lincar orientation of
illite, kaolinite, and chlorit2, and also
identified other minzral compositions, such as

almandine, cordierite. andalusite, staurolite.
and rourmaling (Figure 2), thar are usually
present in trace amounts. Host rock sample
EROY is identified as metasiltstone, with slaty
cleavage with lepidoblastic and xenoblastic
texture. The mineralogy of the sample is
composed of muscovite, oligoclase, and illite.
Muscovite alters to a clay mmeral with
wenthering, and hematite is found aggR vein.
The AMICS analvsis indicates that the clay
minerals in the metasilt are montmorillonite,
illite. chlorite. and kaolinite. Metasiltstons also
contains beryl and tourmaling in very small
amounts.

Tourmaline ore. represented by RRO2,
shows a tourmaline vein with a predominant
composition and
polyerystalline guartz (Figure 3). Apatite
occupies the edge of the wurmaline vein, anl

mineral of  wonesite

monazile 18 wentified as an accessory mineral
in the sample. The ore minerals found in the
sample are rutile. magnetite, ilmenite, and
hrannerite.
identilied as  wrinium  and REE-bearing
minerals in the wurmaline ore. The AMICS
analysis shows that erlianite and aparitc arc
formed and occupy the edge of the vein.
Brannerite and uvranophane are (ound in
vranium-bearing veins and are associated with

Brannerite and  monazite are

xenotime, monazite, and apatice.

The monazite ore is dominated by an ore
body of monazite with a uranium-bearing vein
that cross-cuts the ore hody. Monazite ocours
in the form of polyerystalline grain having
irregular and sutured boundaries. Accessory
minerals found in the monazite ore include
apatite. xenotime, rourmaline. ilmenite, rutile.
pyrite.  molybdenite, magnetite, quartz,
homblende, chlonte, and hematite, The quartz
crvstals are found in between  monagile
crystals. Almandine, cordicrite, sudoite, and
copper mineral are identified using AMICS
analysis.

(2]
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Figura 2, The AMICS results of metapefite host rock show spattad shale texture representing the faliation
arientation. (Alm= dmundine, Ano= anorthite, Chl= chlorile. Crd= cordierite, Ti=illite, Kin=kaolinite,
Bs=muscoyite. St=stasrolite, Wis=wonesite, The ANMICS resulls of metape lite ost rock show spodted shile
texture représenting the foliation srentation. (Alm=alimandine, Ano=anorthite, Chl= chlorite, Crd=cordisrite,
Hi=illne, Kin=koolinite: Ms=muscovite, Si=saurolice, Wns=wonesie. Mineral abbravimion after [9].

" ¥ F . - = (& . v I * o
..{Ilr" L ILI'L P A i wq.—-_—y..'.._.-r_.._....

Figiere 3. Microphotograph and AMICS resull of tourmaling ore, Ove microphotograph shows brannerite as a

urininm-nearing minaral ossociated with mognetite and rutile. AMICS result shows tourmaline vein sssocimed
with upatite, brannerite . und wranophane that cut the tourmatine ore (Ap= apatite, Bor= brannerite, Chl= chlorite,
Ep=epidote, Eun=crlianite. Mag = magnetite, Mrz-Ce=monazite-Ce. Que=quarz. Rt=rutile, Sud=adoite,
Tur=tournmling, Urp-o= wranophane, Xom- Y= xenotime- Y, Mineral abbreviavon after [9],

Uranum-bearing minerals found in the
monazite ore arc identificd as brannzrite and
uranophane. These minerals are found in veins
or spomed minerals associaed with
molybdenite, magretite, rutile, ilmenite. und
hematite. In addition. brannerite is found in
prismiutic form or irregular aggregases, despite

a few branperites occwring as deformed
minzrals (Fgure 4). Molybdenites appear as
iregular  deformed-shaped  inclusion  of
maonazite. Based on  AMICS  amalysis.
swiambgite presenls as a secondary uranium-

bearing mineral in the monazite ore.
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Figure 4. Microphotogruph of monazite ore showing deformed bronmente, molyhdenice, and polyerystadline
monar e associied with apatite and epidite (Ap= apatite, Hbl= hombiznde, Ep= epidate, Maz-Ce = monarie,
Ri=rutile. Mo= molybdeaite. Mineral abbreviation after [9].

Elemental Distribution

Ihe elementul distnbution of host rock
samples (RR.02.3 and RROY) is predominated
by Si, Al Fe and K | Figuw'i. These clements
usually occur in silicate minerals such as K-
feldspar, miea, and clays. These elements form

a clay mineral that dominates the host rock
m the Iorm ol ulite,
kaolinite. mommorillonite, and chlonte. Other
minerals composed of these elements are
muscavite,  oligoclase, albite.  biotite,
stanrolite, and cordierite.

sample wonesile,

Fraure 5, The distnibution of dommant clanents such as Al and Pe i the host rock saaple indicales K-l ldspar,
micit. and clays distribution.

Uranium and REE are mainly found in the
towrmaling and monazie ore samples. Si, Al,
Fe, and Mg dominate the major elemem of
tourmaling orz. These elements are found in
tourmialing and wonesite munerals that are
dominant in the sample. Uraniom distribotion
in ourmaling ore concentrated along the
veinlet associated with the Y clement. The
REE distribution can be divided into two
groups. the Ce-Nd and ¥ groups. The Ce-Nd
elements are closely associated and distributed
randomly in the sample. On the other hand, Y

is concentrared along the veinlet and at the
edge ol the wurmaling ore (Figure 6). The U-
Y assemblages are incorperated in brannerite
minerals, Ce-Nd
incorporated in mopazite. and Y s found in
yenotime

The eclemental distributions in sample
RR 10, as monazite ore samples (Figure 7), arc
composerd of Ce, La, P, and Nd, representing
the monazite mineral. Uranium is disoribured

whersas elements  are

along the crack of the sample i the form of
brinnmerite.  uranophane., and  swumboile




Eksplorium

Woloma sx Noox, MetNovember20ss: sx-xx

P-155MN USS4-1418
P=INSMN Z3T3-4206X

minerals. The cracks are filled wilth elements
such as [e, 51, Cu, and Mo, The I 1=
incorporated either in almandine ar chlorite: Si
represents  quartz, Cu o orepresents  the
occurrence of  mative and Mo
represents molybdenite. REE in the monazite
ore sample includes Ce, La, Nd, Sm. Gd, und
Y. The last clement is the primary element
found in xenotime, Furthermore, Gd occurs in

copper,

trace amount and mainly form  loparite
mineral. and vranium disiribuion in menazite
ore is associated with the Y elament in several
veins or cracks, But the other REE clements,
such as Ce, La, Nd, Sm, and Gd are the
dominant element across  the  samples.
indicating that the momeie ore is formed

betore the uraniom mineralization.

Figure i Dhisiribution of ueaniom and BREE in o toomalineore sample

Geochemistry
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Si0- appears as the major clement in the
sail and host rock samples (ranges from 40.23
to 64 .74%), much higher than the consituent
in the monazite ore (L46-1673%).
Subsequent major oxide compositions are
Fe:0n, AlsO, and K~O [Table 1). The silicate
minzrals dominate the soil and host rock and

have undergone a weathering process, forming

clays. In contrast. major oxides. such as Ca0,
MeO, MnQ, Cri0s, and P20s, are relatively
higher in mrmﬂ.e ore than mn the soil or host
rock sample. The presence of ore minerals
such 4s monazte, apatite, and tourmaline
cause the high concentration of these elements
in monazite ore,

Table 2, Mayor axide composition (w9 ) of soil, host rock, and momizite ore from the Rirng Sectin

Fi Soi Mast Rock Mlomarite Ore
sl RHS RHN85 RHS07 RIS RHS11 RHS1S KR RROT RR13 RRI1H
s 4929 b2l odd 4uTT 0 4623 albbe 6191 17 16,73 L 46
Fealy 9321 740 1217 837 1345 1281 714 2,19 303 113
Al P76 M6E 1542 2962 2723 1527 2045 R 12.98 131
Cald a0l 0 =001 001 Uil =01 LIA13 3717 029 004
My 025 025 o7 043 028 ni7 124 152 .18 (1]
Mnd) <0 <in i 0m i nm LU () ALY [ ]
[ATH a0 [REIRS 05 04 a2 (0031 LI 1.35 1.30 | fh¥
LEES) 128 105 .74 225 187 131 174 1.50 1 A3 | 38
K0 4.30 1:75 .51 a0 167 344 265 am 255 053
Tatx |22 143 55 126 4 134 LI 48 150 L1
205 UNE] 012 0n.x ons LG 00 02a 16,11 1072 1740
LGOI 5% B2 B8 T.21 735 13l 76T HAAS 2.33 3.32 &7

Thz highest aranium concentration is found in
minazte ore sample RRO7. reaching 28440 ppm.
followed by other monazite ore RR L8 {3 230 ppm).
und RR13 (1,110 ppmi. [n the host rock sample, the
uranium eoncentration resches 301 96 ppm. In the soil
sample. the umnium concenmations vary between
3N T2-241L.70 ppm |

Table 3). indicating that the uranium elzment
has leached out during weathering and s
concentraled mainly in the ore body of
monazitz and tourmaling ores. The total REE
(TRELE) concentration in monazite ore is about
8532013 8488 ppm. REE in monazite ore is
dominantly composad of Light REE (LEEE).
with concentrutions ranging from 81813 (o
133772 ppm. Mezanwhile, heavy REE (HREE)

conceniration ranges from 1 472 10 2,532 ppm
{Table 4).
The
compared o several major oxides and tace
elements (Figure 8) shows that uranium has a
positive comrelation with Ne:Q and P0s,
indicating that uranium-hearing minerals are
chemically composed of elements such as

variation diagram  of uwanium

branneriie, uranophane, swambolie, loparite,
und  monazite. The positive
between uranium and P-0s also indicates that
apatite and  xenotime  form  co-genetically
during ur:u{lm mineralization[10]. On the
contrary, the negative correlation between
vranium and ALC: and Fe0; indicates that
uranium is nob associated with silicate and
ferrous  minerals  such  as  clays  and

femomagnesan minerals,

correlation
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Table 3. Trace clements composition (ppm) of soil, host rock. and monazite ore from the Kirang Sector.

et Sl Hist Rock Monuziie Ore
HHSG3 RHS05 RHST HHSI HHS11 RHS15 H RNy RRA7 HRI12 REIR
Li 159 124 =1 Tk 18.7 179 4TS5 34 158 ]
e =] Iy [RL i L. 24 ih LIA] 12 IEY
¥ 1746 T6d.1 LG I8 2167 19015 134.3 323 1995 AL
Co 4.4 6.7 L Gl 8.7 LAY e 2h 44 12
i T L1 1548 dnM Hhd 12640 751 14 B4 E- AR
Cu .5 ELK] ] 203 Kkl (B iR 24 1131 240
i { §] 9. 158 (LN 10,3 42 56,9 52 4.5 nx
Cin LEH| e 350 il W50 ARG SR BT | U877 1 5824
Ay 16,5 14 151 143 Ml 150 7] FRST 31248 Sihl
Se 30 1.7 55 i3 1 14 (21} 2431 12213 456.1
Rk a0 b, | 235 o 177.3 1326 16%.] e Bk I3
r 313 19.2 53 L3L ] £} EILN S0 1424 2563
Zr BELO 71.3 308 Tl T B33 3713 24 (e ] 552
b 7 3.4 18 ) 155 3.3 44r 3.5 242 7 614
Wi 15400 143 440 1341 95 154 in 4700 137 M2E
A il LIN] il 0z i, 02 LUN] 0l LK} [N
od &l 5 ik 5 (L. 1] had i LX) (B
1.3 i 41 | £ kY LIES fry 25 13 <41 44N
Sb n2 LN LS a2 0.5 a3 L a7 {LE 0.1
Te hd LU 02 il . {r1 ] 14 4 bz
Cs 58 24 14 192 3,1 64 h.5 LA ne N2
T 818 2502 7172 6ka 281, EriE -3 libG 531 5154 7o
" < g 44 o 14 1 & a4 1N 1] Pa 144 Id
T'a i {1 11 13 (U] [ [ 2.1 24 i1
W 4.7 34 6.3 55 b I3 34 a1 i I35
| 2] 4.7 5.4 152 1L .1 O HEZ IR0 1,266 15500
Hi 3 ik 5 Ll 0.2 0z L i LLE nz
Th 2.3 425 EXE 204 N ITh 17,1 i RE LT
(%) 1342 .7 2418 LI B4 i AP0y 284800 bl gk 32300
Tahk 4. REE composition (ppm) of zoil, host rock, md monarite ore from the Rirng Sector.
Hemen _ Sull Huel Rock e e
RI50)  RHS03  RHS07  RHs0 RHSIL  RHSIS RR09 HEAT RE13 RE 13

Li V2.1 1193 M) Hed 4.5 MY B4 2 1542 24,710 M Sl
e M| 2545 BE 4 LR 9.5 P37 | Ad0 3220 i A0 = SHHAHY
P 455 7.1 BY.3 ] b4 A6 (Lo 4501 3,030 LRl
M 1563 B R BT 188 3] 548 0511 15,170 Lts, 28dh 31 360
S ns (kg 6E 33 4.8 £1 (fer ¥} 2,960 10E0 LR
Eu 24 14 42 L 0.9 1 -3 1236 L34.9 152
Ge I23 6.5 10,7 14 hH | ie 30 L 3s0 00 1520 D 258000
R 1% LR 25 2 1.3 0.4 T4 1847 1az.e 32
Dy Ll A5 1. 1i] L 21 16 d1.4 (REL LT #5214 | LMY
Ha 11 fid 1z n1 3 L] L2 Tl 1 1 s
Ft a [N 0 A N7 08 23 M4 (EL 1570
T 03 LIN] 4 LN i [N o 274 15 R
¥h 15 | 13 L1 Je) LIE!) 0.0 4% 1409 173 6.3
Le » LN 3 ] Q0.1 ol 0.7 197 k2.l 23
= 284 238 32 33 364 e 2.3 314 205 4.7
Y e B 224 b 1 4.5 T4 [T 1L b Lk 2L
TR EE E828 MEL O LEG0 1542 pLL] i s JATAR0 BRAMNMRO SORETAG [3RARRON
(La™ b, L4 Ll nisy ME3 M4 A3 iR L 1913 213
(LS 44 55 1 54 58 S 4.1 19 . A
| L Eny L] 3K i/ 12 2 1A o] 1. 41.% 2ha
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Figure B, Yariation diagram of aranium verars several major oxides and mrace elements:

Compared to other clements, uranium
exhibits a relatively strong positive correlation
with marker elemenis of hydrothermal
alieration products, mcluding Co, Mo, V| and

Pbh. Positive correlation suggests that these

clements are enriched during the uranium
mineralization prcess. U-Co and U-Mo
correlation shows relativel y higher enrichment
in the soil sample than other elements. Mo and

Cu are believed o be adsorbed to the clay
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mineral during the weathering process. They
derived from the leaching process of host
minerals, soch as  hiotite, magnetite,
homblende  K-feldspar,  plagioclase, and
ilmenitef11].

The wvanation disgram of TREE &nd
several major oxides, uranium. and  (race
clement (Figure 9) shows positive correlations
with Na20 and P20s, indicatine that REE are
mainly incorporated illphn:sphutc ar serdinm
oxide minerals as the REE-bearing minerals
such ©s monuzilegipenotime, upatite, and
loparite. Mn oxide plavs an important role in
the distriburion of REE because Mn oxides can
bind REE through several processes, such as
coprecipitation, adsorption, and o
exchange| 12]. The NaxO and REE tend
become  cmriched In post-magmatic
hydrothermal fluids. As a result. these
elements are often closely associated witheach
other. On the other hand, TREE shows a
negative comrelation © ALO: and  Fea(;,
inchicating that KEE 15 notennched n clay-rich
rocks or highly weathered soil. TREE shoyggp
positive correlation compared to uraninm and
other trace elements such as Cu, V. and Ph.
The data indicate that TREE and uranium arc
co-genenically concentrated during
hydrothermal alteration.

The Cl Chondrite normalizationf{13] in
the irace ¢lement diagram (Figure 10a) shows
that the HFSE and U.m exhibited & preater
depletion pattzm than the Upper Continenial
Crust (UCC)[14] and the Post Archean
Australian Shale (PAAS) [15]. On the other
hund, wanium ad BEE show  enrichment
patterns, except for Eu, which shows
depletion. The Eu depletion, followed by Sr
and K depletion, indicates the weathering
process of plagioclase| 16]. In addition, the Euo
depletion  also  indicates  plagioclase
fractionation in the magma source|12], [14].

The multi-element diagram of the REE-
Cl chondrite (Figure 10b) shows an LREE
enrichment and an HREE depletion patiem.
These patterns indicate two alteration types
during the uranium mineralization process, K-
feldspar alteration and silicification[17], [1%].
These patterns are also 5imilm the typical
mimaaiie that probably act as the main source
of REE analyzed in the sample. The REE
pattern m the sol sample shows similarity to
the ore and host rock sample but has a lower
value. The lower value indicates an early
leaching phase of weathering process|19].
[20].




Bistribution and Charecterianes of Rare Earte Elerests in Uraniwm-Ove Deposits fron Riving Avea, West
Kolimanran Proviece, fndenesie

By Adfmedho o gl

. L] o
1] ad —~
. -
L L]
L
o
5 g :
w L
-
&
- .
0 003 10000 Lieilre 1000 10000 1000
- @
n -
']
Q = w
[
z A &
L - L]
1
#
L]
.
e 000 0a00 oo e 0000 1wonan
L e L]
.
Toooo |
L] g L]
: L
= 1000 " g
»
12
"
ia
00| =
' L]
20 000 S 1110000 1300 100 LR
-
-
-
W .
. g
-
L]
" at
= - €
104 9 -
ol
100
L ]
] 000 10060 A0 He 1R NN
TREE TREE

Figure 2. Variation diagrom of TREE versus several major oxides and trce clements.
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Figurz 10, The multi-clement plot of monazite ore. host rock, und soil in the Rirang Secror, West Kalimantan,
1) Maonazte ore snd metasilistone host rock show s apfﬂinrl paticm in HSFE snd 11T F and enrichment i
uraminm and REE, b) Monarne ore, host iock. ard soil show ennchment patterns m LEEE and depletion pallerns
in HREE.

DISCUSSION

The host rock for uranium and REE
mineralization in the Rirang Sector are
metamorphic rocks, includine metapelite and
metasilistone. The metamorphic rocks were
charsctenzed by slaty 1o phy!litid:li:llinn anid
spotted shale twexwres. The spotted shale
texture 15 a result of clay minerals from
weathered andalusite minerals, like wonesite
and kaolinite. The cccurrences of almandine,
cordierite, and staurolite mineruls indicate the
regional metamorphism process. Paragenesis
copsisting of muscovite, almandine, end
andalusite minerals indicates that the area's
metamorphism f@@ics were greenschist facies.

The rocks' BEE patiem and Eu anomaly
'Lndicamhi: source rock characteristies[15]. A
high LREE/HREE ratio and negative Eu
anomaly arc commonly found in granitic
rocks[21—{23] The C'1 Chondrite normalized
REE plot shows a fractionated REE pattern
€/ YDIN = 88.31-291.34, mean = 180.15),
characterized by highly fractionared LREE
((La/SmN = 3.75-5.05, mean = 4.21) and
HREE {(Gd/¥b)N = 7822149, meun =
14.5). In additioggt EE pattern shows negalive
Eu anomaly, positive Ce anomaly, and
enriched LREE/HREE ratio. This sgggeests that
meta-siltstone and monazite ore are derived

from felsic source rocks [24]. The granite
intrusions nonhof the Rirang Sector (Figure 1)
are strongly expected as 4 source of uranium
and REE-bearing fluid. Uranium, REE, and
several race elements are commonly soluble
in MNa-tich mther than K-nch flund. The
oceurrences of oligoclase and albite in the
tourmaling and monazite ore characterize the
Na-rich fluids. Morenver, Na-rich calc-silicate
minzrals such as hornblende associated with
albite and oligoeluse indieawd the oceurrence
of sodic alteration [25]. On the other hand. the
mincralization of branncrile. wranophanc, and
swamboite also  indicaled  that the Na-
meatasomatisn process occurred ar medium
temperatures [26]-{29]. The sowwe of this
metasomatisim  process is dug o granitic
intrusion in the north of the Rimng Sector and
rezionally corrclated as Sukadana Granite.
The Rirang Sector is chamctenzed hy
alteainn
processes that form several uranium and REE-
bearing minerals. such as  hrannerite.
uranophane, swamboite, monazite, senotime.
apatite. and loparite. Monazite, xenotime,
apatite. and loparite are dominant LREE ggst
minerals among these munerals, The high
LREE/HREE ratio and negative Eu anomaly
observed in the monazite orz indicated that

various  mineralization  and

3]
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these minerals origingted from the felsic
izneous source rocks.

In the samples studied, brannerite 15 the
primary  uranium-bearing  mineral.  This
mineral  cross-cuts  the tourmaline and
monazite ore, indicating that brannerite is
formed in a later phase than both ores.
Subscquently, brannerite is associated with
pyrite. malyhdenite magnenfe.
rutile, and hematite. indicaling the oocumence
of the hydrothermal process  during
minzralization. Swaimboite and uranophane
arz the lfater wranium mineral that formed
resulting from the eroundwater oxidation of
brannerite [30].

The soil in the Rirang Sector, produced
throngh weathering processes, exhibits a
similar KEE pattem to the hosl rocks and
momazite ore. This similar pattem indicates an
early phase leaching process of the monazie
oz and host rock due to weathering [ 19], [20].
In some cases. weathering process can enrich
thz REE content in the sail [17], [28] [29].
[31], with the main factor controlling the
enrichment being c¢luy minerals such as
smectite, illire, kaolinitz, and halloysite that
act as adsorption agent of REE ions | 19], [20].
[32]. [33]. In the Rirang sector, the clay
mineral products are wonesite, 1llite, and
kaolinite. Hence, the REE 10us leach into the
groundwater.

ilmenite,

CONCLUSION

The Rimng Sector in West Kalimantan
comains metapelite and metsiltstone  thit
contain uranium and rare earth element (REE)
minzralization. The dominant clay minerals in
thase rocks are derived from volcanic sources.
and the alteration minerals are a product of
hydrothermul  alieration.  Tourmalineg  and
monazitc ores arc associatcd with uranium and
REE mineralization. On the other hand, REE
minzralization occurs in the form of monazite.

xenotime, and loparite. The enrichment of
uranium, REE, and other race elements are
believed to be due to their association with the
Na-rich tluid of felsic intrusion. The north of
the Rirang Sector's felsic intrusions correlates
with the Sukadana Cranite on the regional
scale. The enrichment process of REE is
apparently due to the fractional crystallization
af felsic flnd forming monazite xenotime,
apmjle‘ and I{.'-p‘rll‘i!l..". Furthermore, uranium
enrichment is related 1t hydrothermal
alteration, forming brannerite, uranophane,
and other aleration minerals such as
molybdenite. pyrite, copper, rutile, ilmenite,
and magnetite. The interaction of the uranium-
bearing mineral and groundwater forms
secondary uraninm minzsral swamboite. The
weathering process does nol enrich the
uranium and REE content in the soil but tend
o decrease due o the leaching process and the
absence of clay minerals that capable of
binding REE ions into the soil.
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