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Abstract: Research has been conducted using XRF (X-Ray Fluorescence) and XRD (X-Ray Diffraction) to 

determine the distribution pattern and Si and Fe content and the mineral composition rocks Jeneberang Watershed. 

This study's main objective was to determine the metal element content and mineral composition in rock samples 

along the Jeneberang watershed. The minerals come from Lompobattang and Sapaya Volcano Products. The results 

showed that five metal elements are dominated by Si and Fe and 15 minerals found in the study area. In addition, it 

showed a relatively high percentage of Si, Fe, Ca, K, Al, Albite, Feldspar, and Anorthite. The Si and Fe exist in 

every sampling location. However, their levels are low in two locations (Bissua and Kampili), approximately 4.52% 

of Si and 5.79% of Fe. On the other hand, their percentage is relatively high in the rest of the sampling locations 

(Mawang, Sungguminasa, Malengkeri, and Barombong). Similar to the previous elements, Ca exists in every single 

sampling location. While the low concentration of Ca was shown in Bissua, Mawang, Sungguminasa, Malengkeri, 

Barombong, its concentration is very high in Kampili. Furthermore, Al and K's low concentrations were found in 

Bissua, Mawang, Sungguminasa, Malengkeri, and Barombong but absent in Kampili. The rapid and environment-

friendly method of the modal analysis of rocks here may help map volcanic eruption flow in the Jeneberang 

watershed. 

Keywords: metal element content, mineral composition, rock, X-Ray fluorescence method, X-Ray 

diffraction method. 

 

使用 X 射线荧光和 X 射线衍射法在印度尼西亚杰内伯朗流域进行矿物分布模式识别 

 

摘要：已经使用 X 射线荧光和 X 射线衍射进行了研究，以确定分布模式、硅 和福莱姆

含量以及杰内伯朗流域岩石的矿物成分。本研究的主要目的是确定杰内伯朗流域岩石样品中

的金属元素含量和矿物成分。矿物质来自跳跳台和哇火山产品。结果表明，研究区发现的 5

种金属元素以硅、福莱姆为主，矿物有 15 种。此外，它显示出较高百分比的硅、福莱姆、

钙、钾、铝、钠长石、长石和钙长石。硅和铁存在于每个采样位置。然而，它们在两个位置

（比苏阿和坎皮利）的含量较低，大约为 4.52% 的硅和 5.79% 的福莱姆。另一方面，在其

他采样地点（马旺、松古米纳萨、马伦克里和巴隆邦），他们的百分比相对较高。与前面的

元素类似，钙存在于每个采样位置。虽然在比苏阿、马旺、圣古米娜萨、马伦克、巴龙邦的

钙浓度较低，但在坎皮利的浓度非常高。此外，在比苏阿、马旺、圣古米娜萨、马伦克和巴

龙邦发现了低浓度的铝和钾，但在坎皮利中不存在。此处对岩石进行模态分析的快速且环保

的方法可能有助于绘制杰内伯朗流域的火山喷发流图。 

关键词：金属元素含量、矿物成分、岩石、X 射线荧光法、X 射线衍射法。 

 
 

1. Introduction Jeneberang watershed is an area that is flowed by a 
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river from Lompobattang Mount to the Makassar Strait. 

This river is a volcanic eruption flow of Lompobattang. 

This eruption leads to releasing materials magma from 

the earth, carrying rocks and ash gushed Jeneberang 

and surrounding watersheds [1]. 

In general, the forming process of mineral deposits 

in the Jeneberang watershed, both metal, and nonmetal, 

can be formed due to mineralization caused by the 

volcanic activity of Lompobattang [2]. However, the 

minerals that make up the magma are not formed 

simultaneously or in the same conditions [3]. Certain 

minerals will be crystallized at higher temperatures 

than other minerals [4]. The formation of various 

minerals in nature will produce various types of rock, 

which is structured into the material's chemical 

composition and physical properties. Therefore, to 

obtain information about the content of metal elements, 

especially Si and Fe and the percentage composition of 

minerals in rocks, as well as the spread pattern of 

distribution along the Jeneberang watershed 

downstream, this research was conducted using XRF 

(X-Ray Fluorescence) and XRD (X-Ray Diffraction) 

method [5], [6], [7], [8], [9], [10], [11]. 

Si is found in nature in the form of the mineral 

quartz. Most of the earth's crust consists of silicate 

rocks [12]. Si is used in the ceramic industry, glass, and 

paper. Silica is generally heat resistant and abrasives in 

the industry—derivation of Si-shaped olivine, quartz, 

feldspar, and mica. Fe is widely used as nickel steel, 

armament equipment, steel, and household appliances 

[13], [14], [15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Study area map of Jeneberang watershed in South Sulawesi, Indonesia (modified from [16]) 

 

This research was conducted by taking test samples 

at the Jeneberang watershed (Fig. 1). The samples were 

analyzed to know the concentration of Si and Fe and 

their mineral composition in the laboratory using XRF 

and XRD methods. The rapid and environment-friendly 

method of the modal analysis of rocks here may be 

useful for mapping volcanic eruption flow in the 

Jeneberang watershed. 

 

2. Research Methodology 

This research was conducted by taking rock samples 

at several points in the Jeneberang river flow of Gowa 

Regency, which will then be examined and analyzed in 

the laboratory. The location of the rock sampling point 

is astronomically located at coordinates 119 ° 

16ʹ15.83ʺE - 120 ° 45ʹ4.25ʺE and 05 ° 5ʹ47.99ʺLS - 05 

° 23ʹ1.68ʺLS. Geographically, the research location, 

which is the Jeneberang river flow, includes cities 

including Bilibili, Sungguminasa, and Makassar. The 

sampling locations are as follows: Bissua (A), Kampili 

(B), Mawang (C), Sungguminasa (D), Malengkeri (E), 

and Barombong (D). 

The data used in this study are primary. The 

sampling process is done directly at several points 

along the Jeneberang watershed [17]. Field survey and 

location determination were done using the Geological 

Map Sheet of Ujungpandang and GPS [18]. The 

distribution of sample points refers to the geological 
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map representing the state of the samples taken in the 

field. 

Laboratory analysis is an important stage for 

knowing rocks' physical and chemical properties that 

cannot be done directly in the field. This analysis uses a 

variety of current methods and tools. For example, the 

laboratories use XRF and XRD to produce the rocks' 

minerals types [19], [20]. In addition, the composition 

and the percentage of mineral elements were used in 

the generation of mineral distribution patterns. 

At this stage, the results of the chemical 

composition and mineral composition of the content 

test using XRF (X-Ray Fluorescence) and XRD (X-

Ray Diffraction) were analyzed using the Match 

program to produce the composition and percentage of 

mineral content. This data will support each other and 

determine data validation. Furthermore, the 

composition and percentage of elemental content will 

be used in making the distribution patterns of elements 

that dominate the content of these rocks. 

 

3. Results  
The results of each rock sample's content in the 

laboratory using XRF and XRD instruments can be 

seen in Table 1. The form of the content of each rock 

sample in the laboratory using the XRF and XRD 

instrument can be seen in Table 1. The form of the 

chemical composition refers to the geological condition 

of the study area. 

 
Table 1 Test results of chemical composition measurement 

No 

The percentage of results measurements using XRF 

Samples 
Element name 

Si Fe Ca K Al 

1 A 52.16 14.24 11.13 11.04 7.83 

2 B 4.52 5.79 83.63 - - 

3 C 46.02 22.02 18.26 2.95 7.37 

4 D 44.03 30.43 3.60 5.75 10.59 

5 E 41.62 31.32 7.83 4.97 8.17 

6 F 44.97 25.82 11.60 5.63 6.01 

 

The result of mineral composition measurement 

with analysis software match can be seen in Table 2. 

 
Table 2 Mineral composition analysis 

No Samples Minerals % 

1 A 

Albite 54.9 

Feldspar 40.8 

Sanidine 4.2 

2 B Magnesiocapholite 34.2 

Panitite 22.9 

Potassium Magnesium Silicate 21.1 

Pentahydrite 18.7 

Strontiumtellurite 3.1 

3 C 

Calcium tecto-dialumodisilicate 

Anorthite 

64.7 

Potassium Magnesium Silicate 18.0 

Feldspar 14.8 

Barium Ferro Stibium Sulfide 2.4 

4 D 

Anorthite 77.0 

Mereiterite 13.0 

Potassium manganese (II) 

polyvanadate 

10.0 

5 E 

Enstatite 36.5 

Anorthite 27.3 

Albite 23.9 

Anorthoclase 12.3 

6 F 

Orthoclase 48.4 

Feldspar 24.4 

Iron (III) fluoride hydrate (third / .33) 21.5 

Potassium-alumotrisilicatetecto 

Sanidine 

5.7 

 

Table 2 shows the contained minerals in rock 

samples that were observed in the form of Albite, 

Feldspar, Sanidine, Magnesiocapholite, Panitite, 

Pentahydrite, Strontium Tellurite, Calcium 

Tectodialumodisilicate Anorthite, Anorthite, Mereiterite, 

Potassium Manganese (II) Polyvanadate, Enstatite, 

Anorthoclase, Iron (III) Fluoride Hydrate (1/3 /.33), 

Potassium Tectoalumotrisilicate Sanidine. 

 

4. Discussion 
In this study, there were six sampling sites, 

including three samples in the form of rocks, two 

samples of sand form, and one sample of the clay form. 

That is due to the condition of research sites located on 

the flow of the Jeneberangriver. Below is the 

composition of elements and mineral contained in each 

sample: 

Sample A is a form of rocks in shape. The rock 

found in the area was a Sapaya volcanic (lava, breccias, 

tuffs, and conglomerates) [17]. Rock samples taken 

from the field were identified as acid igneous rocks 

because of the content of SiO2 (68.31%) [2]. XRF 

results to the rock's chemical composition were 

dominated by 52.16% of Si, 14% of Fe, 11.13% of Ca, 

11.04% of K, 7.83% of Al, and 3.6% of other elements. 

Based on the test results using XRD tools, these rocks 



149 

 

 

contain 54.9% of Albite, 40.8% of feldspar, and 4.2% 

of Sanidine. 

These minerals are products of the Late Miocene 

eruption of Sapaya volcano and Lompobattang 

volcanic products, Pleistocene age. Location sample A 

(Bissua) is the meeting point of the Lompobattang 

volcanic lava flow (Qlv) with the Sapaya volcanic lava 

flow (Tpsv). 

Sample B is a form of rock in shape. In this location, 

it was noticed that there are alluvial deposits (gravel, 

sand, clay, silt, and limestone coral). Based on 

examining rock samples taken from the field, these 

rocks were identified as sedimentary rocks. Contact 

between limestone coral with breccias can be observed 

on the chunk of the sample. In addition, cloudy white 

to brown Limestone was composed of marine 

organisms. That may indicate that the area is an ex-

marine area that was uplifted and precipitated, which 

caused the contact [3]. 

From the XRF (X-Ray fluorescence) analysis to the 

chemical composition, the rock is dominated by Ca 

(83.63%) and completed by Fe 5.79%, Si. Based on the 

results of the test mineral content using an XRD, these 

rocks contain minerals Magnesiocapholite (34.2%), 

Panitite (22.9%), Potassium Magnesium Silicate 

(21.1%), Pentahydrite 18.7%, and Strontium Tellurite 

(3.1%). 

Seeing the minerals found in sample location B 

(Kampili) consist of minerals originating from igneous 

rocks from the Sapaya volcanic products, which have 

experienced weathering [16]. The sediment from this 

weathering process is associated with deep-sea corals 

in the Late Miocene. Then it was raptured at the 

beginning of the Pleistocene. At this time, lowlands 

were formed in Kampili. 

Sample C (Mawang) is a form of rock in shape. 

Samples were identified as igneous rocks. The river's 

alluvial deposits, the beach (gravel, sand, clay, silt, and 

limestone coral) are in the sample locations [2]. The 

measurement results of XRF to the chemical 

composition of the rock are dominated by elements of 

the Si (46.02%), Fe (22.02%), Ca (18.26%), Al 

(7.37%), K (2.95%), and other elements up to 3.8%. 

On the other hand, the test results using the tool XRD 

mineral content showed that these rocks contain 

minerals Calcium-DialumodisilicateTecto Anorthite 

(64.7%), Potassium Magnesium Silicate (18.0%), 

Feldspar (14.8%), and Barium Ferro Stibium Sulfide 

(2.4%). 

The difference between the interpretation of the 

geological map and the results of this study makes it 

imperative to edit this area's geological map in an up-

to-date and accurate manner. This area is the area of the 

Sapaya volcano lava flow. 

Sample D (Sungguminasa) was found in clay on the 

edge of the Jeneberang river flow. The area is 

dominantly influenced by river and coastal alluvium 

(gravel, sand, clay, silt, and limestone coral) [2]. The 

measurement results of XRF to the chemical 

composition of the alluvial deposits of the river is 

dominated by the element of Si (44.03%), Fe (30.43%), 

Al (10.59%), K (5.75%), Ca (3.60%), and other 

elements up to 5.6%. Furthermore, the results of the 

test mineral content using XRD tool mud sediment 

contain mineral Anorthite (77.0%), Mereiterite (13.0%), 

and Pottasium Manganese (II) polyvanadate (10.0%). 

This area is a lowland area that is affected by a 

flood area. The minerals in this area are the location for 

deposition through the Jeneberang river. Therefore, 

these minerals are minerals sent from the upper reaches 

of the Jeneberang river, is the ancient Lompobattang 

volcano. 

Sample E (Malengkeri) is a form of sand in shape. 

Samples in this region consist of alluvial deposits of 

the river and the coast in gravel, sand, clay, silt, and 

limestone coral [2]. The XRF measurement results of 

the sediment content are dominated by the five 

elements, namely the Si (41.62%), Fe (31.32%), Al 

(8.17%), Ca (7.83%), K (4.97%), and the combined 

elements up to 6.09%. Moreover, the results of 

mineralogical testing using the XRD tool showed its 

content in the form of Enstatite (36.5%), Anorthite 

(27.3%), Albite (23.9%), and Anorthoclase (12.3%). 

Thus, this sample was weathering the basalt rock from 

the Sapaya volcanic products associated with the 

Makassar Strait coast's sand deposits. 

Sample F (Barombong) in the form of sand is 

located in the Barombong area. The site's geological 

conditions consist of the alluvial deposits of the river 

and the coast in gravel, sand, clay, silt, and limestone 

coral. XRF instrument readings the sediment content is 

dominated by the five elements, namely the Si 

(44.97%), Fe (25.82%), Ca (11.60%), Al (6.01%), K 

(5.63%), and combined elements up to 5.97%. On the 

other hand, the results of mineralogical testing using 

the XRD tool shows its content in the form of 

Orthoclase (48.4%), Feldspar (24.4%), Iron (III) 

Fluoride Hydrate (1/3/.33), 21.5%, and Potassium 

Tecto-Alumotrisiilicate sanidine (5.7%). 

This sample's location is in the downstream area, in 

the city of Makassar, South Sulawesi. Minerals in the 

Barombong area are products of the Sapaya Volcano 

and Lompobattang Volcano. Sapaya volcano is Late 

Miocene, while Lompobattang volcano is Pleistocene. 

The rocks from the two volcanoes are weathered and 

deposited through the Jeneberang river to the 

Barombong beach. 

The areas of Malengkeri, Sungguminasa, and 

Barombong are downstream. Therefore Si and Fe 

elements from the three regions are relatively high 

compared to other regions. The Mawang area has a 

high Si value because around this area, and karst hills 

contain Limestone. Mineral SiO2 is a constituent of 

Limestone, so this area is rich in Si. 
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Silicon and Ferrum in this area are due to the 

sediment from the eruption of volcanoes. There are two 

volcanoes in this area. They are Lompobattang and 

Sapaya, which are Pleistocene and Neogen in age, 

respectively. Both volcanoes are upstream of rivers in 

the Jeneberang watershed. 

In this area, the minerals are volcanic products 

associated with coral reefs from the deep sea. It is a 

phenomenon that needs attention in tropical regions 

that have volcanoes and deep seas. Coral reefs are very 

fertile in the tropics. 

 

5. Conclusions 

From the research that has been done, it can be 

concluded that: 

1. Minerals formed in the research area are 

volcanic products associated with coral reefs from the 

deep sea. 

2. Metal and mineral elements are the products 

of the ancient volcanoes of Sapaya and the ancient 

volcanoes of Lompobattang. 

3. Metals and a mineral composition contained 

in the rocks along the river are Jeneberang are as 

follows: 

a. Metal elements: Si, Fe, Ca, K, and Al  

b. Minerals: Feldspar, Albite, Anorthite, 

Sanidine, Magnesiocapholite, Panitite, Pentahydrite, 

Mereiterite, Potassium Manganese (II) Polyvanadate, 

Enstatite, Anorthoclase, Orthoclase, Iron (III) Fluoride 

Hydrate (1/3/.33), Potassium Tectoalumotrisilicate 

Sanidine. 

4. The distribution pattern of metal elements: 

a. Si and Fe exist in every sampling location. 

Their levels are relatively high in Mawang, 

Sungguminasa, Malengkeri, and Barombong, even 

though those are low in Kampili. 

b. Ca levels are low in Bissua, Mawang, 

Sungguminasa, Malengkeri, Barombong but very high 

in Kampili 

c. Al is found in Bissua, Mawang, 

Sungguminasa, Malengkeri, Barombong at a low levels, 

whereas this element is absent in Kampili. 

d. K levels are very low in Bissua, Mawang, 

Sungguminasa, Malengkeri, Barombong whereas this 

element is absent in Kampili. 

e. Si and Fe correlate with the depositional 

environment. 
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