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Abstract: This study aims to analyse the distribution model of trace elements and project alternative data on 

metallic mineral potential in the South Sulawesi Island by including grain distribution in nearshore sediments 

associated with river sediments. A total of 19 coastal sediment samples and 13 stream sediment samples were 

analysed by Inductive Coupled Plasma-Olysoscope Emission Spectrophotometry (ICP-OES) for Cu, Pb, Zn, Ni, Co, 

Th, Sr, V, Cr, Ba, Nb, Rb, and Zr. Furthermore, this elemental collection was analyzed using Principal Component 

Analysis (PCA) and Pearson Correlation (PC) to understand the potential implications of critical minerals and a new 

distribution model of trace elements on geochemical characteristics related to the geogenic source. The results 

showed that the coastal sediments are enriched by Sr, Zn, V, Th, Rb, Ni, Nb, Cr, Cu, and Ba, but have a depletion of 

Co and Zr. Geochemical processes indicated by PCA Factor 1 consisting of Ba, Nb, Pb, Rb, Sr, Th, and Zr reflect 

metamorphic rocks, sulfate deposits in the Tonasa Formation sediments, Mallawa Formation, and natural or 

anthropogenic contamination. Factor 2, consisting of Co, Cr, Cu, Ni, V, and Zn, reflects dacite sulfide 

mineralization, intrusive rock, metamorphic, mafic-ultramafic, and magmatism forming land that then experiences 

recycling of older sedimentation. Many critical metallic minerals in river and coastal sediments have the potential as 

future economic resources, leading to the trend of coastal sediments (paleosediment). 

Keywords: petrology, geochemistry, coastal sediments. 

沿海沉积物中微量元素的地球化学特征：印度尼西亚南苏拉威西西海岸金属矿产资

源的潜在意义 

摘要：本研究旨在通过包括与河流沉积物相关的近岸沉积物中的颗粒分布来分析微量元

素的分布模型并预测南苏拉威西岛金属矿产潜力的替代数据。采用电感耦合等离子体溶镜发

射分光光度法(ICP-直读光谱仪)分析了总共 19 个沿海沉积物样品和 13 个河流沉积物样品中

的铜、铅、锌、你、钴、钍、锶、V、铬、巴、铌、铷、锆。此外，还使用主成分分析(主成

分分析)和皮尔逊相关(个人电脑)分析了该元素集合，以了解关键矿物的潜在影响以及微量元

素的新分布模型对与地源相关的地球化学特征的影响。结果表明，沿海沉积物富集了锶、锌

、V、钍、铷、你、铌、铬、铜和巴，而贫化了钴和锆。由巴、铌、铅、铷、锶、钍和锆组
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成的主成分分析因子 1 指示的地球化学过程反映了变质岩、Tonasa 组沉积物、马拉瓦组中

的硫酸盐沉积物以及自然或人为污染。因子 2 由钴、铬、铜、你、V 和锌组成，反映了英安

岩硫化物矿化、侵入岩、变质岩、镁铁质-超镁铁质和岩浆作用形成的土地，然后经历了旧沉

积物的循环。河流和海岸沉积物中的许多关键金属矿物具有作为未来经济资源的潜力，导致

了海岸沉积物（古沉积物）的趋势。 

关键词：岩石学、地球化学、沿海沉积物。 

 
 

1. Introduction 
The beach is a functional link between land and sea, 

which receives sediments carried by river currents and 

runoff from the land. The deposition of river sediments 

can be distributed along the coastline. This is 

influenced by waves, coastal currents, wind, climate, 

relief, and source composition [1]-[2]. Wave dynamics 

lead to geochemical processes that deposit trace 

elements in coastal sediments
 

[3]. Sediments 

originating from land contain economic or non-

economic value elements. Several types of minerals 

that have economic value are quartz, cassiterite, 

magnetite, ilmenite, and rare earth elements 

(zirconium, yttrium, barium, and strontium)
 
[4].  

South Sulawesi Province, Indonesia, is located on 

the southwestern arm of Sulawesi Island. Furthermore, 

it has a total coastline of 1,937 km, 288 km of which is 

located on the west coast of the main island. This 

region contains several types of important minerals 

including gypsum, nickel, silver, copper, and lead. 

Deposits of major and trace elements in the South 

Arm of Sulawesi generally come from weathering of 

volcanic rocks
 
[5]. Based on previous reports, the rocks 

found on the coast of the South Arm of Sulawesi are 

ultramafic and intrusive types
 
[6]-[7].

 
This is consistent 

with previous studies that reported the outcrop of 

ultramafic, metamorphic, sedimentary and magmatism 

basement rocks as regional geological features of the 

South Arm of Sulawesi [8].
  
 

Among the exposed rock formations in this area, 

there are mineralized rocks that possibly originate from 

rivers. However, the origin in the arrangement of the 

coastal sediment mineral exploration is not necessarily 

directly related. The abundance of trace elements in 

river sediments is an indicator of the source 

composition
 
[9]. Hence, the trace element studies must 

compare the composition and types of minerals on the 

coast and in rivers. 

Coastal sediments offer several advantages as a 

source of ore deposits
 
[10], associated minerals and 

their grain size distribution in the beach
 
[11, 44], and 

coastal paleogeography related to heavy mineral 

concentrations
 
[12]. The mineral composition of source 

rocks naturally exerts primary control over the 

accumulation of mineral constituents at any coastline
 

[13].  

Due to the variety of rock formations exposed in the 

western part of Sulawesi Island, mineralized rocks are 

also found. Therefore, this study is based on trace 

elements and metallic minerals that are likely 

transported to rivers and beaches. Combined effects of 

chemical, biological and physical weathering processes 

transform bedrock into soils and ultimately into 

sediments
 
[14]. The chemical composition of the source 

magma and the physicochemical conditions of the 

depositional environment are the main controlling 

factors in determining the behavior and mobility of 

trace elements and REEs during transformation
 
[15].  

This study provides an overview of the potential and 

distribution of metallic minerals in the South Arm of 

Sulawesi based on the geochemistry of Ba, Co, Cr, Cu, 

Nb, Ni, Pb, Rb, Sr, Th, V, Zn and Zr in nearshore 

sediments and controls mineralized source rock in river 

sediment elements. The novelty expected from this 

study is the finding regarding the origin of trace 

elements in rock formations at the study site. 

Geochemical knowledge of the distribution and 

migration of elements is crucial to identifying their 

origin [16]. Some beach placer deposits formed by 

waves and currents transported the shelf sands and 

concentrated the ore minerals
 

[17]. Therefore, this 

study aims to analyse the distribution model of trace 

elements and project alternative data on metal mineral 

potential in the South Arm of Sulawesi Island by 

including grain distribution in nearshore sediments 

associated with river sediments. 

 

2. Materials and Methods 
The geographical location of the nearshore sediment 

study area is opposite the Makassar strait and is 

included in the regional geology of western Sulawesi
 

[6,18]. It has a coastline of about 10 km as well as an 

urban city (Parepare) in the northern part and Barru-

Pangkajene area in the southern part, where both have 

varied erosion and sedimentation. The study location 

was chosen because western Sulawesi has high mineral 

potential, which can be explored for the benefit of 

exploiting natural resources. 

In the study area, volcanic rocks of the Parepare 

Formation, sedimentary rocks of the Tonasa Formation 
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(Limestone and marl), Mallawa Formation (quartz 

sand, conglomerate, siltstone, and claystone with coal 

insertion), dacite, diorite, and ultramafic rocks are 

exposed on the land surface. This region experiences 

the seasons of the west monsoon from December to 

March and the east monsoon from June to October. 

Beach sediments were poorly sorted during the 

postmonsoon, and their grain size was coarser at this 

time than in the monsoon period
 
[19]. The sampling of 

rock minerals was carried out along 24 km of the 

coastline and surrounding rivers. A total of 32 samples 

were divided into two types of sources, namely 19 

samples on coastal sediments and 13 on sediments of 

the Binangae River (Salo Binangae) and surrounding 

rivers (Figure 1). 

Coastal sediment sampling was carried out from 

April to November 2019 with the continuity of 

sampling points following the coastline. Each point of 

the beach sediment sample was obtained from the 

channel in the foreshore zone using a hand trowel, 

where the horizontal direction was ± 20 cm and the 

vertical direction was at a depth of 0 – 30 cm (Figure 

2). In addition, the collected sand and minerals were 

then put into polyethylene bags. River sediment 

samples were obtained from the top layer composite to 

the bottom using a sieve of 80 to 200 mesh size and 

then put inside a polyethylene bag. The beach width 

and slope were measured using linen tape and a 

clinometer, respectively. 
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Fig. 1 Distribution of sampling points at study sites in Sulawesi 

Arm (Modified from Regional Geological Map7) 

 

Coastal sediment sampling was carried out from 

April to November 2019 with the continuity of 

sampling points following the coastline. Each point of 

the beach sediment sample was obtained from the 

channel in the foreshore zone using a hand trowel, 

where the horizontal direction was ±20 cm and the 

vertical direction was at a depth of 0-30 cm (Figure 2).  

 
Fig. 2 AC – Morphology and coastal sediment in locations 1 to 8; 

BD – Morphology and coastal sediment in locations 9 to 19 

 

In addition, the collected sand and minerals were 

then put into polyethylene bags. River sediment 

samples were obtained from the top layer composite to 

the bottom using a sieve of 80 to 200 mesh size and 

then put inside a polyethylene bag. The beach width 

and slope were measured using linen tape and a 

clinometer, respectively. 

Coastal sediment samples were prepared at the 

Sedimentology Laboratory of the Geology Department, 

Hasanuddin University. The samples were dried in an 

oven at a temperature of 100
o
C for 3 hours, followed 

by grain size and mineralogy analysis. Grain size 

analysis was carried out using a Retsch AS 200 

vibratory sieve shaker according to the American 

Society for Testing and Materials (ASTM) with sieves 

ranging from 1.5 to 4.25 at 0.50 intervals for 20 

minutes. The sample mineralogy was analysed using a 

binocular microscope with 100x magnification on a 

0.150 mm mineral mesh. Trace elements in coastal 

sediment samples were detected using Inductively 

Coupled Plasma-Optical Emission Spectrophotometry 

(ICP-OES), with a detection limit of 1 ppm, except for 

Nb 0.1 ppm, Sr 0.5 ppm, and Th 0.05 ppm. The main 

steps of the research process are summarized in Figure 

3.  

Collecting samples on 

coastal and river 

sediments

Mapping 

study sites

Grain size and 

mineralogy analysis

Trace element 

analysis

Determine study sites

 
Fig. 3 Summarized study stages 
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Chemical data of coastal and river sediment samples 

were analyzed using multivariate statistical methods, 

which have been widely employed in the geological 

field, specifically in segments that deal with many 

variables, such as petrology and sediment geochemistry
 

[20]. The result was an array of data in which elements 

were grouped as associations through their correlation 

coefficients or other measures of association
 

[21]. 

Multivariate analysis was conducted on trace elements 

using PCA statistics to capture correlated data 

structures
 

[22] and multivariables
 

[23], and to 

determine source dominance
 

and trace element 

correlations
 
[24]. Each variable for 13 elements was 

selected using eigenvalue > 1, leading to the first 

extraction factor (F1) with a total variance of 71.75% 

and eigenvalue of 8.254, while the second factor (F2) 

total variance was 21.558% with an eigenvalue of 

2.803. Rotation of both generated three highly 

correlated variables (cut-off point = 0.55) with a factor 

of 1 (0.794; 0.864; 0.895; 0.972; 0.07; 0.961; 0.921), 

namely Ba, Nb, Pb, Rb, Sr, Th, and Zr. Meanwhile, 

there are also highly correlated variables for factor 2 

(0.353; 0.19; 0.663; 0.172; 0.658; 0.802), namely Co, 

Cr, Cu, Ni, V, and Zn.  

 

3. Results and Discussion 
 

3.1. Grain Size Analysis  

The results showed that the sand component was 

fine to medium in size with three statistical differences 

(Table 1). First, samples 1 to 8 consisted of sand (± 

93.13%), silt (±6.816%), and clay (±0.006%), with a 

mean of 0.5-0.6, variance ( ) of 0.5-0.7, skewness of 

0.3-0.7, and kurtosis of 1.0-2.0. Samples 1 to 8 were 

positioned near the mouths of several rivers, hence, the 

presence of minerals in these locations was related to 

sedimentation from rivers and the small influence of 

waves (Figure 3AC). Second, samples 9 to 13 were 

located in the middle and composed of sand 

(±98.39%), silt (±0.12%), and clay (±0.00%), with a 

mean of 0.09–0.16, variance ( ) of 0.03–0.06, 

skewness of 0.62–0.4, and kurtosis of 0.75–1.72. At 

this location, the influence of sedimentation and 

irregular waves moved to the north. Third, samples 14 

to 19 contained sand (±93.9%), silt (±3.595), and clay 

(±2.050%), with a mean of 0.12-0.04, variance ( ) of 

0.05-0.68, skewness of 0.04-0.65, and kurtosis of 0.52-

3.36, while their locations were quite far from the river 

mouth. The results of this mineral observation 

indicated that the grain distribution and the waves’ 

influence were moderate to the south (Figure 3BD). 

The analysis confirms previously identified trends 

of increasing beach face slope with increasing sediment 

grain size and decreasing beach exposure to wave 

energy
 
[25]. Meanwhile, wind-generated waves are the 

prime sources of energy driving sediment discharge, 

beach morphology, and breaker waves
 

[26]. The 

change in the west and east monsoons in Sulawesi 

occurs every six months, but strong changes occur 

within three months (BMKG). This causes erosion and 

sedimentation to vary on the west coast of South 

Sulawesi
 
[27]. 

 
Table 1 The percentages of the sediment components 

Group Mean (mm) Sands (%) Silt (%) Clay (%) 

01 0.06 89.79 10.20 0.01 

 0.62 89.79 10.21 0.00 

 0.56 99.80 0.19 0.01 

02 0.09 99.80 0.20 0.00 

 0.16 96.97 0.03 0.00 

03 0.12 88.83 7.17 4.00 

 0.14 98.97 0.02 0.10 

 

3.2. Mineralogical Analysis 

The mineralogical analysis, which is related to the 

grain and wave distribution, is divided into three parts. 

First, the distribution of sedimentation grains in zone 

one consists of biotite (2-5%), plagioclase (30-50%), 

hornblende (15-40%), and opaque minerals (5-25%). 

These types of minerals are generally found in 

locations with small wave effects, and because the zone 

is close to the river, several plagioclases are present. 

The high plagioclase composition in the sand marks the 

weathering sedimentation of Parepare volcanic rocks, 

trachyte porphyry [28], while the opaque mineral 

content is probably generated by sediments transported 

from the south. Second, zone two consists of pyroxene 

(25-45%), quartz (15-25%), and opaque (5-10%) 

mineral content. The grain distribution at these 

locations is influenced by the direction of the irregular 

waves toward the north. Significant differences 

between pyroxene and quartz in the sand are ascribed 

to the weathering of acid-intermediate and ultramafic 

rocks. The opaque minerals promote the presence of 

heavy minerals from weathering of mineralized rocks 

possibly generated by sediments transported from the 

south. Third, zone two also consists of biotite (20-

25%), pyroxene (15-25%), quartz (15-20%), orthoclase 

(10-20%), and opaque minerals (10-15%). The grain 

distribution at these locations is influenced by the 

direction of moderately irregular waves toward the 

south. The similarity in the quantities of biotite, 

pyroxene, quartz, and orthoclase indicates that the sand 

collects minerals originating from land and beaches. 

Based on the mineral association group, the zones 

can be divided into two mineral distribution bands. In 

the first zone, mineral distribution to the north (samples 

1 to 8) is dominated by plagioclase and hornblende 

(Figure 4A), while in zone 2, the distribution from 

north to south (samples 9 to 19) is dominated by 

pyroxene, quartz, and orthoclase (Figure 4CD).  
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A B

C D

 
Fig. 4 A and B – Mineralogy in coastal sediment collection from 

locations 1 to 8; C and D – Mineralogy in coastal sediment 

collection from locations 9 to 19 (Magnification - 50 × nicol) 

 

Plagioclase dominance in zone 1 is also influenced 

by mineral migration from the north originating from 

regional rocks with acidic chemical composition 

(Figure 4B), while the zone 2 source has an alkaline 

chemical composition. The mineral associations of 

zones 1 and 2 are different because the mentioned 

northern part shows mineral associations originating 

from a large variety of weathering and includes the 

northern part of the west coast of Sulawesi. 

 

3.3. Geochemical Analysis of Beach Sediments  

Referring to the normalized data of upper 

continental crust Co (17.3 ppm) and Zr (193 ppm) as 

stated by Taylor and McLennan SM (1985) based on 

all geochemical data of nearshore deposits, the overall 

results showed high concentrations of Sr, Zn, V, Th, 

Rb, Ni, Nb, Cr, Cu, Ba, Co, and Zr (Table 2).  

 
Table 2 Trace element data (ppm) for the beach sands 

Element Mean Variance Skewness Kurtosis Min. Max. 

Cu 15.526 39.041 1.642 3.151 8.00 34.00 

Pb 33.526 109.374 -0.842 -0.325 13.00 48.00 

Zn 79.157 1156.585 1.963 3.354 47.00 177.00 

Ni 36.105 367.988 0.925 0.334 15.00 84.00 

Co 22.315 161.895 0.749 -0.317 9.00 50.00 

Cr 126.000 4834.889 0.673 -1.061 53.00 254.00 

Th 19.436 67.716 -0.442 -1.228 5.59 30.50 

Sr 793.157 143.411.807 1.840 3.512 399.00 1880.00 

V 178.421 18474.146 1.880 2.965 80.00 558.00 

Ba 837.947 22,320.386 -0.309 -0.486 546.00 1070.00 

Nb 16.305 52.102 -0.907 -0.147 2.20 25.80 

Rb 122.731 2418.058 -0.629 -1.125 28.60 180.00 

Zr 231.473 2863.041 -0.352 -0.749 134.00 315.00 

 

High concentrations of elements indicate the role of 

sand-silt as a trap for elements that are then transported 

following river flow and deposited near the coast. This 

characteristic was reinforced by the relatively increased 

levels of Co (22,135 ppm) and Zr (231,473 pm). The 

chemical properties and deposition of Co in the sand 

may be associated with its low mobility because it is 

mostly derived from soluble minerals, while immobile 

Zr is highly adsorbed in the silt. The results show that 

several trace elements such as Sr, Ba, Nb and Zr are 

higher than previous studies [29]. Sr is commonly used 

to treat osteoporosis and toothache [30]. Ba in the form 

of barium sulfate has potential novel applications and 

wide use in polymer and paint industries [31]. Nb and 

Zr are commonly used for the production of high-

temperature resistant metal alloys and special stainless 

steels [32]-[33].The correlation between elements of 

high and low concentrations is also shown in the 

Pearson correlation coefficient data from 19 coastal 

sediment samples (Table 3). Some general groups of 

positively correlated elements are Ni, Cr, Co, Cu, and 

Zn. The positive correlation is an independent element 

reinforcement that states these two groups differ in 

their source of rock types. Furthermore, using the 0.01 

level, the general group of positive correlations 

becomes the main group of elements to be observed, 

namely (1) Co vs Cr, Ni, Zn, and V, (2) Cu vs Zn and 

V, and (3) Pb vs Ba, Nb, Rb, Th, and Zr. This grouping 

produces Pb, Ba, Nb, Rb, and Th, which have similar 

rock sources, although there are differences in their 

similarities when correlated with high concentrations of 

Sr. Compared with Upper continental crust (UCC) 

normalized trace elements data, the difference in the 

similarity of Sr (399 ppm to 1880 ppm) indicates that 

the rock source contains K-feldspar originating from 

regionally acidic compositional rocks such as granite, 

granodiorite, diorite, and quartz monzonite. This 

inlined with other previous studies
 
[34, 35].

 . 
Using 

significant dilution values reflecting the elements that 

have chemical mobility, Co (-0.21), Cu (-0.39), Nb (-

0.40), Pb (-0.34), and Rb (-0.24) were obtained. The 

negative value reflects sand-silt traps originating from 

rivers and then deposited near the coast.  

Table 3 The Pearson correlation analysis and coefficients of the beach sediments 

 Cu Pb Zn Ni Co Cr Th Sr V Ba Nb Rb 

Cu 1            

Pb 0.076 1           

Zn 0.496* -0.112 1          

Ni 0.008 -0.904** 0.295 1         

Co 0.288 -0.646** 0.775** 0.816** 1        

Cr 0.129 -0.809** 0.563* 0.840** 0.892** 1       

Th -0.035 0.935** -0.293 -0.933** -0.799** -0.897** 1      

Sr -0.392 -0.349 -0.485* 0.125 -0.210 0.189 -0.255 1     

V 0.449 -0.341 0.962** 0.532* 0.907** 0.735** -0.520* -.0379 1    

Ba -0.226 0.733** -0.418 -0.732** -0.677** -0.658** 0.669** 0.178 -0.555* 1   

Nb 0.098 0.951** -0.025 -0.896** -0.618** -0.782** 0.959** -0.405 -0.272 0.584** 1  

Rb -0.049 0.952** -0.307 -0.944** -0.797** -0.898** 0.983** -0.243 -0.532* 0.772** 0.936** 1 

Zr -0.207 0.829** -0.381 -.0876** -0.803** -0.761** 0.909** 0.031 -0.582** 0.719** 0.837** 0.900** 

* Correlation is significant at the 0.05 level (2-tailed).  

** Correlation is significant at the 0.01 level (2-tailed). 
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The main element group in the wave’s variable 

direction toward the north (samples 1 to 8) has Pearson 

values which are dominated by V, Ni, Cr, Co, Cu, Pb, 

and Zn against Ba, Rb, Nb, Th, and Zr groups that are 

indicated to be abundant in clay. The high field 

strength elements Zr, Nb, and Th are good indicators of 

source rock characteristics [36]. A review of low Zr 

concentrations indicates that coastal deposits reflect the 

presence of intermediate rock mineralization, 

confirmed by the high spot Zn concentration and the 

distribution of Sr, V, Rb, and Zr (Figure 5). 

Meanwhile, from silt sediments near the coast and 

sedimentationin the south (Samples 9-19), positive 

Pearson correlations were obtained in the Ni, Cr, and 

Co as well as Cu, Zn, and V groups. This was achieved 

using high concentrations of Cu, Zn, and V generally 

derived from rocks with an acid composition such as 

volcanic rock (Figure 6). However, the results of the 

iteration of positive correlation and increasing Co 

concentration were linear with increasing Cr (R
2
 = 

0.76). The determination of Cr and Ni is highly 

correlated, indicating the source of rocks with an 

ultramafic composition. 

PCA was used to reduce the effect of the number of 

data variables. This was conducted using factor 

extraction with an Eigenvalue > 1 after varimax 

rotation to obtain elemental groups in factors that 

provide some information about the distribution and 

source of mineralized rocks. The extraction results 

showed that the first component (F1) has an eigenvalue 

of 8.254, explaining the total variance of 63.50%. The 

second factor (F2) has an eigenvalue of 2.80, 

explaining the total variance of 21.56% (Table 4). 

 
Table 4 PCA results for 13 elements 

Component Total % of Variance Cumulative % 

1 8.254 63.50 63.50 

2 2.803 21.56 85.05 

 
 

 
Fig. 5 Distribution and concentration of Zn, Sr, V, Rb, and Zr 

(samples from Locations 1-8) 

 
 

  
Fig. 6 Distribution and concentration of Zn, Sr, V, Rb, and Zr 

(samples from Locations 9-19) 
 

Through rotation, the distribution of variables 

becomes clear and real; hence , the large loading factor 

increases and vice versa, compared to before this 

process. Two rotations of matrix components are 

produced according to the number of factors obtained, 

namely the distribution of variables into factors with 

rotation. Based on (Figure 7), the scree plot shows that 

after being rotated there are three highly correlated 

variables (cut off point = 0.55) with a factor of 1 

(0.794; 0.864; 0.895; 0.972; 0.07; 0.961; 0.921), 

namely Ba, Nb, Pb, Rb, Sr, Th, and Zr. Meanwhile, for 

factor 2 (0.353; 0.19; 0.663; 0.172; 0.658; 0.802), 

namely Co, Cr, Cu, Ni, V and Zn, there are also highly 

correlated variables. Factor 1, which is the 

concentration of incompatible trace elements Nb, Pb, 

Rb, Sr, and Th, reflects a stable mineral assemblage 

originating from the metamorphism of the main hosts 

and metamorphic basement rock of new South 

Sulawesi
 
[34].  

 

Factor 1 

Factor 2 

 
Fig. 7 Scree plot factors 1 and 2 

 

In addition, Ba is from barium sulfate in the Tonasa 

Formation sediments
 
[34]  and Zr is an immobile 

element
 

[37]. Trace element factor 2 at the 

concentration of Co, Cr, Cu, Ni, V and Zn in coastal 
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sediments implies mineral enrichment from intrusive, 

basaltic-ultramafic, ultramafic, harzburgite peridotite 

and podiform chromitite rock types as the basement 

rock of South Sulawesi
 
[8]. Moreover, dacitic rocks

 

[38] intrude the metamorphic and ultramafic sequences
 

[39]. 

 

3.4. Geochemical Analysis of Stream and River 

Sediments  

Statistical characteristics of chemical data analysis 

on sediments of 13 sand and clay samples in the 

Binangae stream can be seen in (Table 5). Sources of 

the present elements are known from statistical 

comparisons of trace elements of coastal and river 

sediments. Rb, Sr, V, Zn, and Zr were found in river 

sediments, which were the same as the groups found on 

the coast (Table 5).  

 
Table 5 The statistical description of stream sediment 

Element Mean Variance Skewness Kurtosis Min. Max.  

Cu 34.538 394.769 -0.618 -1.381 5.00 58.00 Cu 

Pb 18.307 124.564 1.652 3.549 5.00 48.00 Pb 

Zn 122.769 6844.192 2.346 7.025 40.00 368.00 Zn 

Ni 76.384 1159.756 0.079 -0.625 27.00 140.00 Ni 

Co 44.846 1104.974 0.856 0.899 8.00 122.00 Co 

Cr 913.538 2372281.936 2.740 8.100 18.00 5610.00 Cr 

Th 4.450 9.186 0.660 -0.865 0.73 9.67 Th 

Sr 479.776 45280.614 -0.385 0.380 55.10 841.00 Sr 

V 333.538 144712.603 2.455 7.249 19.00 1470.00 V 

Ba 548.3077 231242.397 1.349 2.250 37.00 1760.00 Ba 

Nb 4.900 9.587 0.007 -1.015 0.60 9.70 Nb 

Rb 36.530 1579.204 2.398 6.453 5.10 153.00 Rb 

Zr 65.092 1922.041 -0.350 -1.899 6.60 114.00 Zr 

 

The analysis results showed the difference in 

skewness strength and maximum concentration of the 

aforementioned elements. This is caused by the 

geochemical enrichment process, which is influenced 

by the variability of regional geological and sub-

geological rocks of the study area, such as dacite, 

diorite, and ultramafic rock. Statistical differences also 

indicate that elements originating from rivers and 

coastal deposits can contain metallic mineral resources. 

Another study discovered high values of V and low 

values of Rb
 
[40]  as well as potential mineral resources 

and REEs. Out of the 13 elements, there are similarities 

between Nb, Rb, Th, and Zr with continental crust 

composition. Previous studies indicated that these 

elements come from weathering of riverine rock of 

diorite
 
[41] and dacite

 
[38].  

The chemical properties of V and Zn, which are 

relatively high in coastal and river sediments, are used 

as a correlation between regional and sub-geological 

rock sources in the study area. There is a significant 

similarity in the high correlation coefficient of V vs. Zn 

(Figure 8AC) at the sampling point in the river (R
2
 = 

0.897) and the coast (R
2
 = 0.925), reflecting the 

continuity of geochemical enrichment of mineral 

resource potential and REE, high values of V, and low 

values of Rb. Although Rb has a positive correlation 

coefficient, there is a significant difference between Rb 

vs Sr (R
2
 = 0.556) in the river and Rb vs Zr (R

2
 = 

0.810) in the coast (Figure 8BD). Zr is sourced from 

igneous rocks of intermediate to acidic composition, 

while Sr characterizes igneous, metamorphic, and 

carbonate sedimentary rocks and filling fractures. The 

enrichment of Rb, Sr, and Zr was sourced from the 

Tonasa Fromasi sedimentary and intrusive rocks. 

Besides, fluvial systems of these river basins represent 

varied elevations, landscape patterns, precipitation, as 

well as physical and chemical denudation, which are all 

key controlling factors for the input of terrigenous 

sediments to the oceanic environment [42]. Pearson 

correlation of Ba, Co, Cr, Ni, Pb, Rb, V and Zn 

indicates a positive geogenic source absorbed by clay 

minerals in the sediment stream. Trace elements such 

as Sc, Th, Zr, Cr, Ni and Co are generally immobile 

during surficial
 
[34]. Sources of Cu, Ni, and Sr from 

different rocks are considered to affect the distribution 

of other elements, specifically Zn, Pb, and V 

correlation reflecting sulfide mineralization. 

Meanwhile, the concentration of Ni, Cr, and Co is 

related to the mineralization of ultramafic rocks of 

Harzburgite peridotite and podiform chromitite
 
[34], as 

well as very high concentrations of Ba (1760 ppm) 

associated with barite (BaSO4) deposits in the Tonasa 

Formation
 
[43]. This study was limited to locations on 

the West Coast of South Sulawesi and merely 

examined trace elements. 

 
Fig. 8 A and B –  Correlation between elements in river sediments; 

C and D – Correlation between elements in river and coastal 

sediments 
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4. Conclusion 
Based on the results, 19 coastal sediment samples 

reflect trace elements more strongly sourced from 

northern regional geological rocks, while the 13 river 

sediment samples were sourced from regional sub-

geological rocks where transitional elements 

accumulated within locations 8 and 9. 

The higher the enrichment of Sr, Zn, V, Th, Rb, Ni, 

Nb, Cr, Cu and Ba, the more the depletion of Co and Zr 

concentrations was found in the coastal sediments. 

Possibly, the control of the beach sand composition 

was due to the influence of the river fluvial system on 

grain size characteristics, narrow coastal plains, and 

changes in coastal currents and waves. In addition, the 

coastal deflation process is critical to the redistribution 

of mafic and quartz mineralogy, which was 

concentrated along the coast to the south. 

Ba, Nb, Pb, Rb, Sr, Th, and Zr occurred in 

metamorphic rocks, sulfate deposits in the Tonasa 

Formation sediments, Mallawa Formation, and natural 

or anthropogenic contamination. Meanwhile, while Co, 

Cr, Cu, Ni, V, and Zn occurred, sulfide mineralization 

occurred in dacite and mafic-ultramafic rocks 

There were three concentration characteristics from 

the river to coastal sediments, where the concentration 

decreased with Ba, Co, Cr, Cu, Ni, V and Zn and 

increased with Nb, Rb, Sr, Th, Zr and Pb. The 

occurrence of this significant concentration correlated 

with the specific geology of the sub-study area, as well 

as the disintegration and mineralization of volcanic, 

intermediate, dacitic, Tonasa and Mallawa Formation, 

and ultramafic rocks. It also correlated with urban city 

development on the east side of the study area and the 

regional element supply of the Makassar Strait on the 

west side. In addition, many critical metallic minerals 

in river and coastal sediments that are potential future 

economic resources lead to a paleo-deposit trend 

sourced from volcanism, metamorphism, 

mineralization, and recycling of older sediments. 

The results of this study have effectively answered 

the objectives because they have explained the 

distribution model of trace elements and project 

alternative data on metallic minerals potential in the 

South Sulawesi Island by including grain distribution 

in nearshore sediments associated with river sediments.  
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