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Iron (Fe) is an element present in every rock; its availability in large quantities and economic
value involves geological processes related to mineralization zoning. Economical iron ore is
generally in the form of magnetite (Fe3O4), hematite (Fe2O3), limonite (Fe2O3.H2O), and
siderite (FeCO3). Iron ore deposits can be formed primary or secondary. The formation of
primary iron ore can occur through magmatic, contact metasomatic, and hydrothermal
processes; secondary iron ore deposits are formed by sedimentary, residual, and oxidation
processes. This research aims to determine the content of major elements, trace elements, rare
earth elements, rock types, magma series, and geotectonic environment in iron ore deposits
in the Kadong-kadong Area, Luwu Regency, South Sulawesi Province, based on geochemical
data. The research method was carried out in the field. Laboratory analysis uses ICP MS/OES
analysis. The results show the highest major oxide composition is the SiO2 compound, which
is 54.81%. The second highest major oxide composition is the Al2O3 compound, which is
17.81%. The highest major element composition is Fe, which is >50%. The second highest
major element composition is Al at 92,700 ppm. The highest tracer element composition is
Ti element, which is 3280 ppm. The second tracer element composition is Mn 1170 ppm.
Some elements, such as Ba, U, and Pb, show very significant enrichment. The data show that
the study area is rich in rare earth elements, especially in heavy rare earth elements such as
Dy, Ho, and Er. The results also show that the chemical composition of the research area
shows that the rock types are andesite and basaltic andesite based on the TAS diagram. The
SiO2-K2O and Co-Th diagrams show that the rock properties belong to the tholeiite series
rock types. The Ta/Yb-Th/Yb diagram shows that the tectonic environment is in a volcanic
arc with a tholeiitic magma series.

Accepted:
2 March 2025
Published:
30 April 2025

Keywords: Iron ore; Geotectonic; Magma Series; GCDkit; Kadong-kadong

1. Introduction

Iron ore is one of the most important mineral resources, especially as the steel industry's main raw
material supporting various development sectors (Rochani et al., 2008; Shah et al., 2021). Significant
iron ore potential exists in Indonesia, especially in the Kadong-kadong area, Luwu Regency, South
Sulawesi Province (Thamsi et al., 2021). However, to make the most of this potential, an in-depth
understanding of the chemical characteristics of iron ore is required, including the analysis of Major
Elements, Tracer Elements, and Rare Earth Elements (REE) (Tamehe, 2019; Zarasvandi et al., 2016).
This understanding is important for determining the quality of iron ore, its economic potential, and the
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geological influences that may have contributed to its formation (Duan, 2014; Hou, 2014; Osterholt,
2018).

Research on iron ore's chemical characteristics has been widely carried out in various regions of
Indonesia (Abbas, 2022, 2021; Bakri, 2023; Chaerun, 2017; Soedarsono, 2013). Previous studies have
generally focused on the analysis of key elements such as iron (Fe), silica (Si), aluminium (Al), and
magnesium (Mg) that play a role in determining the quality of iron ore (Poojari et al., 2023; Spier et al.,
2007). In addition, some studies have also examined trace elements that can provide clues about
geological processes, such as sedimentation and hydrothermal activity (Chaerun, 2015; Gao, 2017;
Kusnadi, 2018). Research on Rare Earth Elements (REEs) in iron ore has also been conducted, especially
given its high economic value and application in advanced technology (Aliyari, 2020; Atapour, 2020;
Han, 2012). However, most of this research focuses on certain areas and does not specifically cover the
Kadong-kadong area.

The research gap is that there is no comprehensive study that simultaneously examines major
elements, trace elements, and REEs in iron ore from the Kadong-kadong area. Previous studies have
generally only focused on one of these aspects or different regions (Thamsi et al., 2021). The novelty of
this study lies in the geochemical analysis method, which provides a complete picture of the
characteristics of iron ore in the region. Thus, this research will provide a scientific contribution to
understanding iron ore geochemistry and mineralogy and open up new opportunities for exploring and
developing a more value-added mining industry in Luwu Regency and its surroundings. The results of
this study are expected to serve as a reference for developing a more efficient and effective iron ore
exploitation strategy and encourage innovation in mineral utilization in Indonesia.

2. Sample and Analytical Methods

The research location is in Kadong-kadong Sub-district, Luwu Regency, South Sulawesi Province.
The research methodology is field sampling and laboratory analysis, by combining the results of
literature review, field data, and computational laboratory research results that are comprehensively
reviewed, analyzed, and synthesized to formulate a conclusion about the characteristics of the main
elements, tracers, and rare earths in iron ore deposits. Sampling in the field was carried out by taking
ore data and rock outcrops. The data taken are iron ore data, sampling, rock description in the field and
documentation. Sampling in the field is in the form of hand specimens (Hakim et al., 2024; Wakila et
al., 2024). The sampling pattern is taken randomly stratified. Samples that have been obtained in the
field are then prepared to be sent to the laboratory (Dong, 2021; Wang, 2022).

Data analysis activities are divided into two types of activities: XRF (X-ray Fluorescence) and ICP-
OES/MS (Inductively Coupled Plasma - Optical Emission Spectrometry/mass spectrometry) (Gerlitzki,
2023; Han, 2012; Wang, 2024). The purpose of this analysis is geochemical characterization, namely
by knowing the main oxides, main elements and trace elements of iron ore in the research area (Keshava
et al., 2020; Li, 2014). The location of the sample analysis was at the Laboratory of PT Intertek Utama
Sevices Jakarta, Indonesia. Analytical data from the laboratory was then processed using GCDkit
software to interpret the data in accordance with the research objectives (Dwivedy, 2021; Karimi, 2021).

3. Results

3.1. Regional Geology

The research area is located in the middle of the southern arm of Sulawesi Island and is regionally
part of the eastern side of Sundaland, which borders the Australian plate. The confluence between these
two plates affects the geology of the area, including tectonic conditions, geological structure, basin
formation, as well as various types of rocks (Hall, 2013). Fig. 1 illustrates the sequence of rocks at the
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research site that date from the Mesozoic to the Quaternary (Coffield et al., 1993; Djuri et al., 1998).
The oldest rocks are composed of rocks that undergo mild to moderate metamorphism, such as schist,
gneiss, filet, and shale. These rocks are overlaid by pyrite, quartzite, metamorphic claystone, and
alabaster from the Cretaceous Latimojong Formation (Coffield et al., 1993; Djuri et al., 1998; White et
al., 2017). Above it is the Toraja Formation, which is deposited in the inner neritic environment and is
informally divided into two parts. The bottom is composed of grey to reddish-brown shale, claystone,
and limestone, as well as some quartz, conglomerate, and coal sandstone.

Fig. 1. General stratigraphic column of the Enrekang area and its surroundings (Djuri et al., 1998;
White et al., 2017)

The upper layer of the Toraja Formation contains white to grey limestone (Coffield et al., 1993;
Djuri et al., 1998; White et al., 2017) with the age of the Eocene to the Oligocene (White et al., 2017).
During the Early to Middle Miocene, there was an accumulation of limestone layers of reef and napal
in the Makale Formation (White et al., 2017). The Buakayu Formation marks the transition phase from
carbonate sedimentation in the upper part of the Makale Formation to a period of volcanism (White et
al., 2017).

Volcanic activity during the Miocene to Pliocene produced the Enrekang Vulcanic Series, which
covers most of central West Sulawesi (Coffield et al., 1993; Djuri et al., 1998). After that, the Walanae
Formation was formed, dominated by carbonate sediments such as limestone and calcareous clay
(Coffield et al., 1993). The youngest rock unit in the area is the Quaternary Rock (Djuri et al., 1998).
The distribution of rocks in the study area has been remapped by White et al. (2017) (Fig. 2).
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Fig. 2. Regional geological map of the study area (Djuri et al., 1998; White et al., 2017)

3.2. Field Conditions in the Research Area

The research area has a hilly topography with plains that vary from sloping to slightly steep. In this
area, a large Bajo River flows along the West Bajo District, Luwu Regency. Most of the land in the
study area is used by the community for plantations and rice fields (Fig.3). However, some areas are
still in the form of natural forests that humans have not touched. The location of rock sampling is in the
Kadong-kadong area. The sampling location can be seen in Fig. 3.

3.3. Geochemistry of Research Area
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Fig. 3. Field conditions of the research area

Geochemical data from the research sample are available in Table 1. This data describes the
geochemical characteristics of the rocks in the study area. Based on the total alkaline silica (TAS)
classification according to Cox et al. (1979), the study area has rocks classified as basaltic andesite rocks
(Fig.4) (Philpotts and Ague, 2022).

Fig. 4. TAS classification for volcanic rocks modified from Cox et al., 1979

K.01 K.02
K.03 K.04
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This classification uses Na2O + K2O data as the X-axis and SiO2 as the Y-axis. Major oxide data
shows that the content of Na2O compounds is 3.84% - 68.63%, the content of K2O compounds is 0.02%
- 0.15%, and the content of SiO2 compounds is 54.10% - 68.63% (Cox et al., 1979; Hanžl et al., 2023).

The Jansen classification 1976 showed that the rocks in the study area were basalt and andesite
(Fig. 5). This classification uses geochemical data of Fe+Ti, Al, and Mg elements (Jensen, 1976). Data
on the chemical content of Fe elements 3.65% to >50% or equivalent to 36,500 ppm to >500,000 ppm.
Ti has a content of 210 ppm to 3280 ppm. The element Al has a content of 9,710 ppm to 9,270 ppm.
The content of Mg is 3,160 ppm to 35,700 ppm (Godang et al., 2021).

Fig. 5. Classification of rocks (Fe+Ti, Al, and Mg) modified from Jansen (1976)

3.4. Major Element and Major Oxide Variations

Table 1 shows data that the content of SiO2 compounds is 7.28% to 54.81%. The highest content
of SiO2 compounds was in the K.01 sample. The variation in SiO₂ content (7.28% to 54.81%) suggests
differences in the mineral composition and lithology of the samples. The high SiO₂ content in the K.01
sample indicates the presence of silica-rich minerals, such as quartz or silicate minerals like feldspar or
mica. This is often associated with felsic or intermediate igneous rocks (Winter, 2014). The second
highest content is occupied by the content of Al2O3 compounds, which is 1.67% to 17.81%. The highest
Al2O3 content was in the K.01 sample (Fig. 6). The Al₂O₃ content (1.67% to 17.81%) reflects the
presence of aluminium-bearing minerals such as feldspar, clay minerals, or aluminosilicates. The highest
Al₂O₃ content in the K.01 sample suggests a greater concentration of such minerals. The highest
elemental content is Fe, with 40,100 ppm to >500,000 ppm or 4.01% to >50%. The highest Fe content
was in the K.04 sample. This suggests the presence of iron-rich minerals such as hematite, magnetite,
or iron sulfides. The second highest chemical content is Al, with 9,710 ppm to 92,700 ppm. The highest
Al content was in the K.01 sample (Fig. 6).

In the research area, the properties of the rocks are included in the type of tholeiite series rocks
shown in the diagram of SiO2-K2O Peccerillo and Taylor in 1976 (Fig. 7) (Peccerillo and Taylor, 1976).
The Tholeiitic series is one of the two main series in the classification of basaltic magma, which is
distinguished by its mineralogical and chemical composition (Carlson et al., 2018; Vermeesch and
Pease, 2021). The tholeiitic series is rich in iron and a small amount of alkaline elements (such as sodium
and potassium) (Gest and McBirney, 1979; Ghoneim, 2023). One of the most prominent characteristics
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Table 1. Geochemistry of the research area (ICP-MS/OES and XRF)

Geochemistry K.01 K.02 K.03 K.04 Geochemistry K.01 K.02 K.03 K.04
Al ppm 92700 89300 56800 9710 Ce ppm 2.1 1.3 2.1 0.3
Ca ppm 60000 25500 20200 8110 La ppm 0.6 0.4 0.8 <0.1
Na ppm 28700 25200 11600 540 Nd ppm 2.5 1.8 2.7 0.3
Fe ppm 36500 80100 40100 >500000 Pr ppm 0.41 0.26 0.41 <0.05
K ppm 1170 1080 110 40 Sm ppm 1.1 0.9 1.3 0.1

Mg ppm 35700 23900 20500 3160 Eu ppm 0.5 0.3 0.4 <0.1
Total Major

Element ppm 254770 245080 149310 521560 Gd ppm 1.9 1.7 2.3 0.2

Mn ppm 268 1170 366 163 Total LREE ppm 9.11 6.66 10.01 0.9
Ni ppm 34 25 68 181 Dy ppm 2.8 2.4 4.1 0.4
Cr ppm 70 25 5 15 Er ppm 1.9 1.7 3.1 0.5
Cu ppm <1 173 3 11 Ho ppm 0.6 0.6 0.9 0.1
P ppm 290 100 300 90 Lu ppm 0.26 0.27 0.44 0.07
S ppm <50 60 <50 320 Tb ppm 0.36 0.34 0.53 0.05
Sc ppm 42 44 17 3 Tm ppm 0.3 0.2 0.5 <0.1
Ti ppm 3280 2720 2300 210 Yb ppm 2 1.7 3 0,4
V ppm 194 279 47 300 Total HREE ppm 8.22 7.21 12.57 1.52
Zn ppm 13 79 31 11 Total REE ppm 17.33 13.87 22.58 2.42
Ag ppm <0.1 <0.1 <0.1 <0.1 Al2O3 % 17.81 16.89 11.17 1.67
As ppm <1 1 <1 4 CaO % 8.77 3.59 2.97 1.16
Ba ppm 7 8 3 1 Cr2O3 % 0.03 0.01 <0.01 <0.01
Be ppm <0.5 <0.5 <0.5 <0.5 Fe2O3 % 5.42 11.71 6.12 87.7
Bi ppm <0.05 <0.05 <0.05 00.21 K2O % 0.15 0.14 0.02 <0.01
Cd ppm <0.05 <0.05 <0.05 <0.05 MgO % 6.09 3.97 3.5 0.56
Co ppm 27 85 18 82 MnO % 0.04 0.18 0.06 0.02
Cs ppm 0.3 0.1 <0.1 <0.1 Na2O % 3.84 3.21 1.56 0.04
Ga ppm 15.4 13.6 11.8 10.6 P2O5 % 0.063 0.024 0.067 0.021
Ge ppm 1.3 0.7 0.6 1.8 SiO2 % 54.81 54.1 68.63 7.28
Hf ppm 0.8 0.6 1.6 <0.1 TiO2 % 0.58 0.44 0.41 0.04
In ppm <0.05 <0.05 <0.05 <0.05 S % <0.002 <0.002 <0.002 <0.002
Li ppm 1.4 7 5.6 0.4 LOI % 1.6 4.75 4.61 1.35

Mo ppm <0.1 <0.1 0.1 1.1 Total Major
Oxide % 99.26 99.01 99.121 99.85

Nb ppm 0.2 0.2 0.4 <0.1
Pb ppm <1 <1 <1 <1
Rb ppm 3.4 2.2 1.2 0.3
Re ppm <0.05 <0.05 <0.05 <0.05
Sb ppm <0.1 <0.1 <0.1 <0.1
Se ppm <1 <1 <1 1
Sn ppm 0.6 0.2 1.6 0.4
Sr ppm 66.3 54.6 13.7 12.3
Ta ppm <0.05 <0.05 <0.05 <0.05
Te ppm <0.1 <0.1 <0.1 0.9
Th ppm 0.07 0.1 0.32 0.06
Tl ppm 0.02 0.03 <0.02 0.02
U ppm <0.05 0.06 0.06 <0.05
W ppm 0.2 0.1 0.3 0.7
Y ppm 16.5 15.5 24.6 4.6
Zr ppm 15,1 12,3 25,9 1

Total Tracer
Element ppm 4401.79 4879.45 3299.85 1428.39

of the tholeiitic series is its high concentration of iron. Levels of alkaline elements, such as sodium
and potassium, are comparatively lower (Du, 2023; Wang, 2022; Wang, 2022). Tholeiitic typically
contains more silica (SiO₂) compared to other types of basalts, making it more similar to rhyolite in
terms of magma evolution (Panda, 2023; Prostka, 1973). Volcanic Series Separation: This plot separates
different types of volcanic series based on Co and Th content (Jafari, 2023; Járóka, 2023).
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Rocks from the Tholeiitic Series tend to have higher Co values and lower Th values, which suggests
they are more related to mantle magma and less affected by continental crust contamination (Ghoneim,
2023; Scoon, 2023; Thy, 2023). In contrast, rocks from the High-K Calc-Alkaline and Shoshonite Series
have higher Th values and lower Co, indicating more significant differentiation and contamination
processes (Yang, 2023; Zhang, 2023). Points in the Tholeiitic Series region suggest that the sample
comes from basaltic rocks that form in mid-ocean ridge or hotspot environments (Carlson et al., 2018).
The Tholeiite series is also shown in the Co-Th classification according to Hastie et al., in 2007. The
TAS classification shows a theoliitic series (Fig. 8) (Raab and Spiro, 1991; Yoder, 1979).

Fig. 6. Comparison of Major Oxide K.01, K.02, K.03, and K.04

Fig. 7. Diagram of SiO2 - K2O Peccerilo and Taylor (1976) showing the tholeiite series

Al2O3 CaO Cr2O3 Fe2O
3 K2O MgO MnO Na2O P2O5 SiO2 TiO2 S LOI

K.01 17.81 8.77 0.03 5.42 0.15 6.09 0.04 3.84 0.063 54.81 0.58 0.002 1.66
K.02 16.89 3.59 0.01 11.71 0.14 3.97 0.18 3.21 0.024 54.10 0.44 0.002 4.75
K.03 11.17 2.97 0.01 6.12 0.02 3.50 0.06 1.56 0.067 68.63 0.41 0.002 4.61
K.04 1.67 1.16 0.01 87.70 0.00 0.56 0.02 0.04 0.021 7.28 0.04 0.006 1.36
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Fig. 8. Diagram of Co-Th plot (Hastie et al., 2007) shows tholeiite series

3.5. Tracer Element and Rare Earth Element Variations

Tracer and rare earth element analysis data can be used to identify rock or mineral sources and
determine the environment of tectonic origin (He, 2022; Irzon, 2015). The highest tracer element
composition is Ti and Mn (Fig. 9).

Fig. 9. Comparison chart of tracer elements

Spider plot is one of the visualization techniques used in petrology to show the distribution patterns
of trace elements in a rock sample relative to a reference standard, such as a primitive mantle, chondrite,
or crust composition (Wang, 2022; Zhou, 2022). Spider plot relative to the primitive mantle is used to
indicate how much of a particular element in a rock has been enriched (positive anomalies) or thinned
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(negative anomalies) compared to a primitive mantle, which is considered to be the composition of the
mantle that has not changed since the formation of the earth (Raimondo et al., 2017).

The Y-axis in this diagram uses a logarithmic scale to show the ratio between the concentration of
elements in the sample and the reference value of the Primitive Mantle (Rahmani, 2020). A value of 1
on the Y axis indicates that the component is in the same concentration as the reference value of the
Primitive Mantle (Datta, 2021). A value above 1 indicates enrichment, while a value below 1 indicates
depletion relative to the primitive mantle (Shirmohammadi, 2023). The X-axis lists the various trace
elements sorted by their geochemical properties. The horizontal line at Y = 1, this line serves as a
reference to indicate the concentration of elements equivalent to the Primitive Mantle (Jiao et al., 2021).
The data points located right on this line show elements with unchanged concentrations compared to the
composition of the primitive mantle. Elements such as Cs, Ba, Rb, Th, and K show notable enrichment
in most samples. These elements are mobile during subduction-related processes and are often enriched
in volcanic arc settings due to the input of slab-derived fluids or melts into the mantle wedge. The
enrichment of LILEs and depletion of HFSEs strongly indicate that a subduction zone setting influences
the research area. The pattern of enrichment and thinning can be seen from the fluctuation of the line
above and below the horizontal line at Y = 1 (Fig. 10) (Andrehs and Heinrich, 1998).

Fig. 10. Spider plot-primitive mantle long according to McDonough & Sun (1989) on tracer element

Some elements such as Ba, U, La, and Pb show significant enrichment, as their data points are well
above the Y = 1 line. In contrast, elements such as Rb, Th, Nb, and some elements on the right (such as
Er, Yb, Lu) show significant thinning because their points are well below the Y = 1 line (Rahmani,
2020). The elements Ba, U, La, and Pb undergo a very significant enrichment compared to the Primitive
Mantle. This enrichment may be related to geological processes such as crystal fractionation or
interactions with hydrothermal fluids that can enrich these elements in rocks(Datta, 2021;
Shirmohammadi, 2023). Light Rare Earth Elements (LREE) such as La and Ce also undergo enrichment
in these samples, which are often associated with magmatic differentiation (Walters et al., 2013).
Depletion of the elements Rb, Th, and Nb indicates that these elements have been eliminated or not
accumulated during the magmatism process that produced these rocks (Wang et al., 2023). Heavy Rare
Earth Elements (HREE), such as Yb and Lu, also show thinning, which suggests that these rocks may
have come from relatively small partial melts, where HREE is more concentrated in heavy minerals that
do not melt (Andrehs and Heinrich, 1998; Jiao et al., 2021). Enrichment of certain elements, such as
LREE and large lithophile elements (Ba, U, La, Pb), often indicates rocks formed from partial melts



Iraqi Geological Journal Thamsi et al. 2025, 58 (1D), 1-17

11

from mantle sources that undergo significant fractionation processes or the presence of contributions
from the Earth's crust during magmatic processes (Zhao Id et al., 2024a; Zhao et al., 2023).

Depletion of certain elements, such as HREE, may indicate a condition of low partial melting or
crystal fractionation in which heavy minerals such as garnet or amphibole hold the elements (Fig. 11)
(Hopkins et al., 2021; McDonough and Sun, 1995).

Spider plot – this chondrite REE is used to understand the composition of REE elements in a sample
relative to the primordial or reference composition (Anenburg, 2020). It provides insights into geological
processes such as crystallization, fractionation, or metamorphism processes that affect the distribution
of these elements within rocks or minerals. These graphs effectively visualize variations in REE
composition in various samples, allowing for comparative analysis between samples and inference about
possible geological processes. The X-axis displays the REE elements from the elements Lanthanum
(La) to Lutetium (Lu). These REE elements are usually divided into Light REE (LREE) from La to Sm
and Heavy REE (HREE) from Gd to Lu. These elements are ordered in order to facilitate the
visualization of the distribution patterns of those elements (Zeng et al., 2024). The Y-axis uses a
logarithmic scale that describes the ratio between the concentration of elements in a sample and the
concentration of elements in chondrites (ancient meteorites often used as a reference for the composition
of primordial elements). A line with a value of 1 on the Y axis (depicted with a dotted line) indicates
that the concentration of the element in the sample is equivalent to the concentration in the chondrite. A
value above 1 indicates that the element is more concentrated in the sample than the chondrite.
In contrast, a value below 1 indicates that the element is less concentrated in the sample than the
chondrite (O’Neill, 2016). The green line (+), having a relatively stable distribution above reference line
1, indicates that this sample is rich in REE elements, particularly in heavy REEs (HREE) such as Dy,
Ho, and Er. The red (triangle) and purple (round) lines show a lower distribution pattern of REE
elements on certain elements than other lines but close to the reference line on heavy REEs. The blue
line (x) has a distinct pattern, especially with significant increases in concentrations in heavy REEs such
as Yb and Lu, but the concentration of these elements remains below 1 in most other elements,
suggesting that this sample has a deficiency in terms of REE elements (Anenburg, 2020; O’Neill, 2016).
Enrichment (increased concentration) in certain REE elements (e.g., HREE on the green line) suggests
that geological processes affecting the sample may have led to accumulating these elements in higher
amounts than chondrite. Depletion (decrease in concentration) on the blue line indicates that this sample
is deficient in REE, possibly due to leaching or other geochemical processes that remove these elements
(Fig. 11) (Zeng et al., 2024).

Ta/Yb is the ratio between Tantalum (Ta) and Ytterbium (Yb). Tantalum is a less common element
and is usually associated with fractionation in magma, while Ytterbium is one of the Heavy Rare Earth
Elements (HREE) (Shakerardakani et al., 2018). The X-axis operates on a logarithmic scale, with values
from 0.01 to 100. The higher the value of Ta/Yb, the higher the ratio of Tantalum to Ytterbium in the
rock, which often reflects more varied magmatism processes or in certain environments such as volcanic
arcs (Zhao Id et al., 2024b). Th/Yb is the ratio between Thorium (Th) and Ytterbium (Yb). Thorium is
an element usually associated with magma differentiation and sometimes with the mixing of crustal
materials. Ytterbium, as mentioned earlier, is a heavy rare earth element. The Y-axis is also on a
logarithmic scale, ranging from 0.01 to 100. The higher the Th/Yb value, the higher the Thorium content
compared to Ytterbium, which often indicates a contribution from the continental crust or high
fractionation (Fig. 12) (Irannezhadi et al., 2022; Wĳaya and Setijadji, 2022).
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Fig. 11. Spider plot – REE Chondrite according to Anders and Grevesse Year, 1989

Fig. 12. Classification of Ta/Yb – Th/Yb according to Pearce (1982)

The graph shows that the tectonic environment is in the volcanic arcs with the tholeiitic magma
series. Rocks in the Tholeiitic zone are generally formed in mid-ocean ridges or depleted mantle
environments (Yan et al., 2019). These rocks typically have a low ratio of Th/Yb to Ta/Yb, which
indicates the characteristics of basaltic magma originating from depleted mantle sources (Saccani et al.,
2008). This distinguishes them from basaltic rocks that form in other environments, such as volcanic arc
environments, which tend to have higher ratios due to the influence of subduction processes and crustal
contamination (Saran, 2022).

4. Conclusions

The chemical composition of the research area shows that the rock types are andesite and basaltic
andesite. The highest major oxide composition is the SiO2 compound, which is 54.81%; the second
position is the Al2O3 compound, which is 17.81%. The highest major element composition is Fe, which
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is >50%, and the second is Al, which is 92,700 ppm. The highest tracer element composition is the Ti
element, which is 3,280 ppm. Then the second is Mn 1,170 ppm. Several elements, such as Ba, U, and
Pb, show significant enrichment. These data indicate that the research area is rich in REE elements,
especially heavy REE (HREE) such as Dy, Ho, and Er. The nature of the rocks is included in the type
of tholeiite series rocks in the research area. The tectonic environment is in a volcanic arc with a tholeiitic
magma series.
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