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Abstract

Research programmes on rare earth elements have not been widely carried out, especially on manganese deposits, even though manganese
deposits also contain rare earth elements. Research on manganese mineralogy has been done before, however, research has not focused on rare
earth metal elements found in manganese deposits, so further research is needed to find out the mineralogy, geochemistry, and gardes of rare
earth metal elements in manganese deposits in the tropics. There are 3 methods of analysis at once, namely petrographic, XRD, and ICP-OES
methods. The minerals found in manganese samples in the study area are: Albite, Chlorite, Plagioclase, Orthoclase, Quartz, Chlorite, Opaque,
Pyrolusite, Muscovite, Diopside, Hematite, Rodochroite, Manganochromite and Manganite. Rare earth element levels in manganese deposits are
Yttrium (8.7-35.5 ppm), Scandium (4-28 ppm), Lanthanum (5.3-122 ppm), Cerium (9.4-198 ppm), Praseodymium (1.3-23.6 ppm), Neodymium
(690.9), Samarium (1.2-15. 4 ppm), Europium (0.6-3.5 ppm), Gadolinium (1.4-13.5 ppm), Terbium (0.241.75 ppm), Dysprosium (1.4-7.9 ppm),
Holmium (0. 3-1.3 ppm), Erbium (0.8-3.2 ppm), Thulium (0.1-0.4 ppm), Ytterbium (0.8-2.4 ppm) and Lutetium (0.14-0.39 ppm). These results
indicate that manganese deposits in Anabanua Village, Barru Regency, have the potential to be a source of LREE (La, Ce, Pr, Nd, and Sm) with
concentrations exceeding those of several deposits around the world, making them worthy of consideration in strategic mineral exploration in

Indonesia in general.
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1. Introduction
1.1 Sub Introduction

Rare earth elements as the name indicates are elements
that are very rare or very few in nature in the form of complex
compounds, generally phosphate and carbonate compounds.
Along with the development of material processing technology
rare earth elements are increasingly needed and generally in
high-tech industries (Purawiardi, 2001). Indonesia has
considerable potential for rare earth elements, but their
exploration and exploitation have not been a priority. As a
result, the development of this commodity has been
insignificant in terms of global competitiveness. According to
Burton (2022), rare earth metals are one of the important
minerals increasing as the transition towards green energy
growth demands. The term ‘rare’ in rare earth metals refers to
their ‘uncommon’ presence due to their limited quantities and
binding as complex compounds. Although under natural
conditions, the abundance of these elements is actually
widespread in the continental crust and is relatively easy to
reach (Atwood, 2013). The REEs have a variety of applications
in modern technology and provide many vital materials related
to industry (Humphries, 2011). These elements are classified
into light REEs (LREEs) including Ce, Eu, La, Nd, Pr, Sm, and Pm

and heavy REEs (HREEs) consisting of Tm, Dy, Er, Gd, Ho, Lu,
Th, Yb, Sc,and Y (Jha, 2014; Simandl, 2014; Emsbo et al., 2015).

The presence of rare earth elements (REE) has been
found in several commodities, one of which is manganese
deposits. According to Miroyama et al in 2008, there is a high
potential of rare earth metals, especially Heavy Rare Earth
Elements (HREE) in manganese minerals that form stratiform
in India caused by hydrothermal processes (Moriyama et al.,
2008). Other research has shown the presence of rare earth
elements in the Nikopol manganese deposit located west and
north of Nikopol, Ukraine and is one of the world's largest
deposits among sedimentary manganese deposits, with total
REE content between 60 and 197 ppm, with an average of 108
ppm (Sasmaz et al., 2020).

Barru Regency is one of the areas in South Sulawesi that
has unique geological conditions with various types of
minerals, one of them is manganese deposits (Ariansyah et al.,
2020). Research related to manganese deposits in Barru
Regency has been conducted previously by Falah in 2009,
namely a study of the presence of manganese in Patappa
Village, Barru Regency. Then research on manganese
mineralogy in the Palluda Region carried out by Sufriadin, et al
in 2015; However, these studies did not focus on examining in
detail the rare earth elements contained in manganese
deposits, while Barru Regency has abundant manganese
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resources. Therefore, further research is needed to determine
the mineralogy, geochemistry, and content of rare earth
elements in manganese deposits in tropical regions in general,
especially in Anabanua Village, Barru District, Barru Regency,
South Sulawesi Province.

1.2 Study Area

The study area is located in Anabanua District, Barru
Regency, South Sulawesi Province, Indonesia, with coordinates
40 28” 22” S and 1199 42” 45” E. This area has an area of 20
square kilometres. The study area is about 125 km from
Makassar City (the capital of South Sulawesi Province) (Fig.1).
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Fig. 1. Map of the research area.
2. Sample Collection and Analyses

This research starts by conducting a literature study on
books and journals with similar studies to the object of
research, then conducts field investigations to make
observations and take manganese samples directly in the
research area. There are 3 manganese samples taken from the
results of field activities. The next stage is to conduct
Petrographic analysis to determine the mineral content of
manganese samples in the study area. Petrographic properties
could only be observed or measured in thin sections (Ghobadi
et al., 2015). Then further X-Ray Diffraction (XRD) analysis is
carried out to determine the content of compounds that make
up the manganese sample. X-Ray Diffraction analysis was
performed on powdered rock reference samples to determine
the mineralogical composition (Ranjbaran et al., 2019). The
next stage is to conduct ICP-OES analysis to determine the
content of rare earth elements contained in manganese
samples in the study area. The use of the ICP-OES method has
proven effective in identifying rare earth element content in
rock samples (Yazdi et al., 2023). Petrographic, XRD, and ICP-
OES methods were selected in this study because these three
methods can provide comprehensive understanding: from
microscopic (structure & texture), mineralogy (crystalline
phase), to geochemistry (element content). The laboratory
used to analyze petrography, XRD, and ICP-OES is the
Laboratory at the Department of Geological Engineering,
Hasanuddin University, Makassar, Indonesia.

3. Results
3.1. Petrographic Analysis
a.Sample 1

Petrographic analyses were carried out to identify mineral
textures microscopically (Ahmed et al., 2023). In addition,
detailed petrographic laboratory experiments, such as

photomicrographs of thin sections and modal analyses, of each
sample were conducted (Kupolati et al, 2020). The
microscopic appearance of this rock incision has an
absorbance colour of greyish brown, blackish grey interference
colour, subhedral-anhedral shape, refractive index Nmin >
Ncb. This rock has undergone alteration of about 70% of the
mineral size 0.025 mm - 3 mm, with the alteration mineral
being Albite-Chlorite. Figure 2 shows the presence of
Plagioclase mineral with a percentage of (50%). The parallel
nicol is transparent-light brown colour, subhedral prismatic
shape, low relief, weak intensity, mineral size 0.5-3 mm, weak
bicyclic pleochroism, 1-way cleavage (Fig. 2a). In the cross
nicol, the presence of Orthoclase minerals with a percentage
(30%), prismatic shape, medium relief, mineral size 0.3-2 mm,
monochroic pleochroism, cleavage is absent, has a grey colour,
yellow absorption colour, reddish brown interference colour,
subhedral-anhedral shape, mineral size 0.025-0.8 mm,
medium relief, medium intensity, does not have pleochroism
(Fig. 2b). In both niches there is also the presence of opaque
minerals with a percentage of (35%) In the appearance of
parallel nicol this mineral has a black colour, euhedral-
subhedral shape, mineral size 0.1-2 mm, and is isotropic.

Parallel Nicol

Cross Nicol

Fig. 2. Microscope view of sample 1

b. Sample 2

the microscopic appearance of this rock incision has a greyish
brown absorption colour, blackish grey interference colour,
subhedral-anhedral shape, refractive index Nmin > Ncb. This
rock has undergone alteration of about 70% with a mineral size
of 0.025 mm-3 mm, with the alteration mineral being Albite-
Chlorite.

Parallel Nicol

Fig. 3. Microscope view of sample 2

Figure 3 shows the presence of Plagioclase mineral with a
high percentage (50%) in the parallel Nicol appearance. This
mineral has a transparent-light brown colour, subhedral
prismatic shape, low relief, weak intensity, mineral size 0.5-3
mm, 1-way split, grey in colour (Fig. 3a). In the cross nicol
appearance, the presence of Orthoclase minerals with a
percentage of (30%) is found, having a prismatic shape,
medium insity, has no pleochrism. The last mineral
encountered in the microscope observation of sample 2 is the
Opaque mineral in the nicol alignment of this mineral with
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black colour, euhedral-subhedral shape, mineral size 0.1-2
mm, isotropic (Fig. 3b).

c. Sample 3

The microscopic appearance of this rock has a greyish
brown absorption colour, blackish grey interference colour,
subhedral-anhedral shape, refractive index Nmin > Ncb. This
rock has been altered by about 70% of the mineral size of 0.025
mm-3 mm, with the alteration mineral being Albite-Chlorite

Parallel Nicol

Fig. 4. Microscope view of sample 3

Figure 4 shows the presence of Plagioclase mineral with a
percentage of (50%) in the parallel nicol appearance. This
mineral is transparent-light brown, subhedral prismatic shape,
low relief, weak intensity, mineral size 0.5-3 mm, 1-way split,
grey in colour (Fig. 4a). In the cross nicol appearance, the
presence of orthoclase minerals with a percentage of (30%),
prismatic shape, medium relief, mineral size 0.3-2 mm,
monochroic pleochroism, no cleavage, grey in colour. This
observation also shows the presence of quartz mineral with a
percentage of (20%), granular shape, low relief, weak intensity,
monochroic pleocryism, mineral size 0.02-0.05 mm (Fig. 4b).

In the microscope view of sample 3, there is also the
presence of albite mineral (5%), yellow absorption colour,
reddish brown interference colour, subhedral-anhedral shape,
mineral size 0.025-0.8 mm, medium relief, medium intensity,
no pleocrism. And also found the presence of opaque minerals
with a percentage of (35%) In the appearance of nicol aligned
this mineral is black in colour, euhedral-subhedral shape,
mineral size 0.1-2 mm, isotropic.

3.2 XRD Analysis

X-Ray Diffraction (XRD) analysis is a technique to identify
the crystalline phase in materials, the crystalline form of the
material varies in each material including minerals so that it is
used as a characterisation of a mineral. XRD can display the
mineral content and percentage of minerals from a sample
(Mustafa et al., 2023). The measurement results acquired in
the form of intensity per step (time step) by calculating time
series statistical analysis. The measurement results per step
are converted into a graph of intensity peaks which is also
called a diffractogram (Karlinasari et al., 2023).

1.Sample 1

Based on the XRD (X-Ray Diffraction) results  for sample
1, the presence of the minerals Quartz (SiO3), Pyrolusite
(Mn0O;), Muscovite (Kaly(AlSizO10)(F,0OH),), Rhodochrosite
(MnCOs3), and Manganite (MnQ4) were found. The following
figure 5 is the appearance of the diffractogram graph of
sample 1.

2.Sample 2

Based on the XRD results of sample 2, the presence of the
minerals Manganochromite (MnCr,04), pyrolusite (MnO,),
Quartz (Si0,), Manganite (MnQ,), and Hematite (Fe,03) were
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found. The following is a graph of XRD (X-Ray Diffraction)

results for sample 2 in figure 6.
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Fig.6. Difractogram of sample 2
3. Sample 3

Based on the XRD (X-Ray Diffraction) results of sample 3,

minerals
(Mnoz)l

the presence of  the
(Kal2(AlISi3010)(F,0OH),), pyrolusite
Manganite (MnQOy,), Hematite (Fe,0s),

Muscovite

Quartz (Si0,),
and diopside (Si,O¢)

were found. The following is a graph of XRD (X-Ray Diffraction)

results for sample 3:
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Fig. 7. Difractogram of sample 3
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For better observation, a summary of all minerals from the
results of Petrographic and XRD analyses can be seen in the
following table (Table 1)

Table 1. Mineral summary of petrographic and XRD analysis results

No  Sample Petrographic XRD
1 Sample Albite, Chlorite, Quartz, Pyrolusite,
1 Plagioclase, Muscovite,
Orthoclase, and Rhodochrosite, and
opaque Manganite
2 Sample Albite, Chlorite, Manganocromite,
2 Plagioclase, pyrolusite, Quartz,
Orthoclase, Quartz, Manganite, and
chlorite, and Hematite
Opaque
3 Sample Albite, Chlorite, Muscovite,
3 Plagioclase, pyrolusite, Quartz,
Orthoclase, Quartz, Manganite,
and opaque Hematite, and
diopside

3.3 ICP-OES Analysis

ICP is widely used for metal analysis in soil, sediment, and
water. This tool can simultaneously measure analytes with
high sensitivity and provide a low analyte detection limit to
ppb units (Duz et al., 2016; llieva et al., 2018; Voica et al.,
2012). ICP technique is used for the whole rock geochemistry
(Al-Jubury et al., 2023). While ICP-MS offers high sensitivity
and precision, but it is an expensive technique that demands
stringent environmental conditions and a high level of
technical expertise of operators (Qiao et al., 2022). Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-OES) has
been widely applied in the analysis of surface water, mineral
water, groundwater, brine and other samples (Ashok et al.
2023; Chen, 2016; Zou et al. 2017; Liu et al. 2022; Farhadiyan
et al. 2024). ICP analysis was carried out on 3 manganese
samples in the study area. Sample analysis results can be seen
in the following table.

Table 2. ICP-OES analysis results

No Metal Elements Sample 1 Sample 2 Sample
(ppm) (ppm) 3 (ppm)
1 Yttrium (Y) 35.5 8.7 27.6
2 Scandium (Sc) 28 4 9
3 Lanthanum (La) 122 53 23.2
4 cerium (Ce) 198 9.4 34.2
5 Praseodymium (Pr) 236 1.3 5.49
6 Neodymium (Nd) 90.9 6 23.1
7 Samarium (Sm) 15.4 1.2 4.8
8 Europium (Elu) 3.5 0.6 1
9 Gadolinium (Gd) 13.5 1.4 4.6
10 Terbium (Tb) 1.74 0.24 0.75
1 Dysprosium (Dy) 7.9 1.4 4.7
12 Holmium (Ho) 13 0.3 0.9
13 Erbium (Er) 3.2 0.8 2.6
14 Thulium (Tm) 0.4 0.1 0.3
15 vtterbium (Yb) 2.4 0.8 21
16 Lutetium (Lu) 0.39 0.14 0.34

Based on Table 1, it can be seen that the element that has
the highest grade in sample 1 is the element Cerium (Cel) with

a grade of 198 ppm, while the element that has the lowest
grade is Lutetium (Lu) with a grade of 0.39 ppm. For sample 2
the element that has the highest grade is Cerium (Cel) with a
grade of 9.4 ppm, while the lowest grade is the Thulium (Tm)
element with a grade of 0.1 ppm. For sample 3, the element
that has the highest grade is the element Cerium (Cel), while
the element that has the lowest grade is Thulium (Tm) with a
grade of 0.3 ppm. The graph of the analysis result using the
ICP-OES method can be seen in the following figure.

Graph of test results using ICP-OES

250

Sample 1

Sample 3

sample 2

Fig. 8. Rare earth element content in each sample
3.4 Classification of Rare Earth Elements
1. Light rare earth elements

The light rare earth elements consist of Lanthanum (La),
Cerium (Ce), Praseodymium (Pr), Neodymium (Nd), and
Samarium (Sm). Light rare earth elements have atomic
numbers 63 and below. Based on Table 1, it can be seen that
the light rare earth element Lanthanum (La) contains grades
ranging from 5.3-122 ppm, the Cerium (Ce) element contains
grades ranging from 9.4-198 ppm, the Praseodymium (Pr)
element contains grades ranging from 1.3-23.6 ppm, the
Neodymium (Nd) element contains grades with a range
between 6-90.9 ppm and the Samarium (Sm) element contains
grades with a range between 1.2-15.4 ppm.

2. Heavy rare earth elements

Heavy rare earth elements consist of the remaining light
rare earth elements consisting of Yttrium (Y), Europium (Elu),
Gadolinium (Gd), Terbium (Tb), Dysprosium (Dy), Holmium
(Ho), Erbium (Er), Ytterbium (Yb) and Lutetium (Lu). Heavy rare
earth elements have atomic numbers 64-71. Based on table 1,
it can be seen that the Yttrium (Y) element contains a range of
grades between 8.7-35.5 ppm, the Europium (Elu) element
contains a range of grades between 0.6-3.5 ppm, the
Gadolinium (Gd) element contains a range of grades between
1.4-13.5 ppm, the Terbium (Tb) element contains a range of
grades between 0.24-1.75 ppm, Dysprosium (Dy) elements
contain grades ranging from 1.4-7.9 ppm, Holmium (Ho)
elements contain grades ranging from 0.3-1.3 ppm, Erbium
(Er) elements contain levels ranging from 0.8-3.2 ppm,
Ytterbium (Yb) elements contain grades ranging from 0.8-2.4
ppm and finally Lutetium (Lu) elements containing levels
ranging from 0.14-0.39 ppm.

4. Discussion

4.1 High Cerium (Ce) Content
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Based on the results of ICP-OES analysis, it can be seen that
the element Cerium (Ce) has a fairly high content, namely 198
ppm in sample 1, 9.4 ppm in sample 2, and 34.2 ppm in sample
3. This can be caused by several things, including:
1. The Unique Geochemical Properties of Cerium

Cerium (Ce) is the only element in the rare earth element
(REE) group that can undergo oxidation from Ce3* to Ce**.
Under oxidative conditions (e.g., in shallow marine
environments or other oxidised environments), Ce3* will
change to Ce**, which is less soluble in water. Ce** tends to
precipitate or adsorb more easily onto mineral surfaces,
especially manganese oxides (Cabral et al., 2019). As a result,
Ce is more easily enriched in manganese deposits than other
REEs such as Nd, La, or Sm.
2. Adsorption Capacity of Manganese Oxides

Manganese oxides such as birnessite, vernadite, and
romanechite have an excellent structure for absorbing metal
ions from solutions. This structure is anionic (negatively
charged), making it easy to bind metal cations such as Ce**
(Serrano and Garcia, 1998). Manganese oxide is known to be
highly selective and efficient in adsorbing Ce and other REEs,
but Ce** has the highest affinity due to its charge and ion size
(Addy, 2022).
3. Supportive Precipitation Environment

Manganese deposits often form in deep sea, lake, or
lateritic soil environments with oxidative conditions. These
environments can oxidise Ce** - Ce* dan Providing a
manganese oxide mineral surface for adsorption and co-
precipitation of Ce** (Banakar et al., 1994).

4.2 REE-bearing minerals

Rare earth elements are distributed in various types of
minerals, including monazite, bastnasite, xenotime, and
others. Manganese minerals can also contain rare earth
elements (REE), especially in certain deposits such as marine
manganese nodules and manganese laterites (Liu et al., 2018).
Although not the primary source of REE like bastnaesite or
monazite, manganese minerals have the potential to act as
carriers of REE, particularly in the form of adsorption or
inclusion. Manganese minerals and oxides—especially MnO,
and hydrated manganese oxides—play a significant role as
carriers and absorbers of REE through surface adsorption
mechanisms and even oxidation (particularly for Ce) (Ohta &
Kawabe, 2001). In other studies, REE content with an average
concentration of 509 ppm was found in manganese ore
minerals such as rhodochrosite, ropperite, tetalite, and
capillitite (Hai et al., 2020). Thus, it can be concluded that rare
earth elements in manganese deposits in the study area are
found in manganese oxide minerals, namely pyrolusite (MnO;)
and rhodochrosite (MnCO3).

5. Conclusion

The minerals found in manganese samples in the study
area are: Albite, Chlorite, Plagioclase, Orthoclase, Quartz,
chlorite, Opaque, Pyrolusite, Muscovite, Diopside, Hematite,
Rodochrosite, Manganochromite and Manganite. Rare earth
elements in the 3 samples studied in the research area contain
16 elements including Yttrium (8.7-35.5 ppm), Scandium (4-28
ppm), Lanthanum (5.3-122 ppm), Cerium (9.4-198 ppm),

Praseodymium (1.3-23.6 ppm), Neodymium (690.9),
Samarium (1.2-15.4 ppm), Europium (0.6-3.5 ppm),
Gadolinium (1.4-13.5 ppm), Terbium (0.241.75 ppm),

Dysprosium (1.4-7.9 ppm), Holmium (0.3-1.3 ppm), Erbium
(0.8-3.2 ppm), Thulium (0.1-0.4 ppm), Ytterbium (0.8-2.4 ppm)

and Lutetium (0.14-0.39 ppm). These results indicate that
manganese deposits in Anabanua Village, Barru Regency, have
the potential to be a source of LREE (La, Ce, Pr, Nd, and Sm)
with concentrations exceeding those of several deposits
around the world, making them worthy of consideration in
strategic mineral exploration in Indonesia in general.
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