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Abstract
Surface sediments from tropical coastal settings of Southwestern Johor, Malaysia, were analyzed for grain size, major element content and clay minerals using particle size analyzer, scanning electron microscope-energy dispersive spectrometer (SEM-EDS) and X-ray Diffractometer (XRD). This work is aimed at investigating the geochemical composition of surface sediments and possible anthropogenic inputs from urban settlements. Sediment texture was found to be clayey with an average of 45.15%. The abundance of major elements in decreasing order is SiO2 > Al2O3 > K2O ≥ ClO2 ≥ Na2O > MgO > MnO > ZnO. The dominance of SiO2 appears to be linked with the draining of Sungai Pulai to the study area. The concentration of ZnO registered a hundred times higher than the average natural level of zinc in the earth's crust. Higher levels of Zn might be derived from the combination of anthropogenic input and natural geochemical processes. Mineral abundance follows the order of quartz > kaolinite > muscovite > smectite > calcite> illite. Smectite was detected in the upper river sediment, but was not present in the estuarine sediment. This is likely due to the accumulation and intensity of weathering products. The dominance of quartz in the coastal sediments is due to the intense weathering process. 
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Abstrak
Sedimen permukaan dari pesisiran pantai tropika di Barat Daya Johor, Malaysia, telah dianalisis untuk saiz butiran, kandungan unsur utama dan mineral liat dengan menggunakan penganalisa saiz partikal, imbasan elektron mikroskop-spektrometer serakan tenaga (SEM-EDS) and pembelauan sinaran-X (XRD). Kajian ini bertujuan untuk mengkaji komposisi geokimia enapan permukaan dan input antropogenik yang mungkin hadir dari penempatan bandar. Tekstur enapan adalah terdiri daripada liat dengan purata pecahan saiz liat sebanyak 45.15%. Kelimpahan elemen utama secara tertib menurun adalah seperti berikut SiO2 > Al2O3 > K2O ≥ ClO2 ≥ Na2O > MgO > MnO > ZnO. Dominasi SiO2 membayangkan terdapat perkaitan dengan aliran Sungai Pulai ke kawasan kajian. Kepekatan ZnO direkodkan beratus kali lebih tinggi daripada tahap semula jadi purata zink di dalam kerak bumi. Tahap Zn yang lebih tinggi mungkin diperolehi daripada gabungan input antropogenik dan proses geokimia semula jadi. Kelimpahan mineral mengikuti urutan berikut kuarza> kaolinit> muskovit> smektit> kalsit> ilit. Smektit dikesan pada enapan di bahagian hulu sungai namun tiada di dalam enapan muara. Keadaan ini mungkin disebabkan oleh pengumpulan dan keamatan produk luluhawa. Dominasi kuarza di dalam sedimen pantai adalah disebabkan oleh proses luluhawa.

Kata kunci:  tropika, enapan, elemen-elemen, mineral liat, Malaysia


Introduction
Southwestern Johor has a unique environment due to the combination of different ecosystems (i.e. river, mangrove, estuary and beaches) and rapid development zone (i.e. Tanjung Pelepas Port, industrial area, oil terminal and urbanization). A report by ASEAN/US CRMP [1] stated that ~ 80% of Johor land is formed by sedimentary, metasedimentary and igneous rocks of pre-quaternary while the remaining 20% is covered by unconsolidated to semi consolidated quaternary sediments. Rapid development in this area over the past two decades might have caused changes in elemental composition. Thus, there is a possibility that the sediment deposits in coastal areas of Southwestern Johor are derived from natural and/ or anthropogenic sources. In certain conditions, the elements in surface sediment are governed by their concentration, relative proportions from various sources, components and forcing mechanisms. Some reports indicated the significant role of grain size sediments in controlling the element’s content in coastal area [2-4], and the enrichment of elements in fine-grained sediments is attributed to their adsorption capabilities and low contents of quartz [5]. Based on the previous reports, we consequently presume that the relationship between elements and grain size can be applied as the environmental indicator in the coastal area of Southwestern Johor. Recently, several environmental studies have been conducted in the coastal area of Southwestern Johor [6-10]. However, there have been no reports that focus on the distribution of sediment mineral contents and geochemical composition in surface sediment. Thus, this paper presented and discussed the abundance and distribution of major elements and clay minerals composition in surface sediment of the Southwestern Johor.

Materials and Methods
Sample collection and preservation
Table 1 shows the coordinates of sampling points in the study area. The surface sediment samples were collected from 20 stations at different ecosystems of the coastal area of Southwestern Johor (Figure 1) using the ponar grab. The samples were then put in labelled plastic bags and brought back to the laboratory for further analysis. 

Table 1.  Latitude and longitude of the sampling points in the study area
	Station
	Latitude
	Longitude

	1
	01°19.647' N
	103°26.180' E

	2
	01°19.419' N
	103°25.792' E

	3
	01°19.943' N
	103°26.352' E

	4
	01°20.206' N
	103°25.108' E

	5
	01°18.383' N
	103°25.222' E

	6
	01°18.895' N
	103°26.259' E

	7
	01°20.169' N
	103°25.517' E

	8
	01°20.040' N
	103°25.320' E

	9
	01°19.175' N
	103°32.482' E

	10
	01°21.758' N
	103°32.206' E

	11
	01°23.966' N
	103°32.146' E

	12
	01°26.492' N
	103°29.655' E

	13
	01°27.457' N
	103°33.188' E

	14
	01°22.604' N
	103°38.342' E

	15
	01°23.208' N
	103°38.743' E

	16
	01°20.636' N
	103°34.372' E

	17
	01°16.260' N
	103°30.960' E

	18
	01°15.608' N
	103°30.531' E

	19
	01°17.040' N
	103°28.734' E

	20
	01°16.980' N
	103°30.600' E
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Figure 1.  Location of sampling stations in the study area


Analytical techniques
Approximately 5g of sediment samples were used in determining particle size. Homogenized samples were treated with 10ml calgon solution overnight and injected into the particle size analyzer MALVERN Mastersizer 2000. All data collected were subjected to statistical analysis using moment statistical method. The relative proportion of sand, silt and clay were determined using the textural triangle proposed by USDA [11]. The major oxide elements in sediment were analyzed by using scanning electron microscope-energy dispersive spectrometer (SEM-EDS). The samples were placed on the stub using double sided tape and coated with gold by Auto Fine Coater JFC 1600. The selected major oxide elements (SiO2, Al2O3, Na2O, MgO, CaO, K2O, MnO, ZnO) were observed by using SEM model 6360 LA JOEL. Sediment samples for clay mineral analysis were dried in the oven (< 50 °C) and powdered using pestle mortar. The type of clay minerals present in the samples was analyzed using X-ray Diffractometer (XRD). The sample was placed on a glass slide and scanned for certain degrees using radiation of Cu-Kα equipped with automatic divergent tilt. The Joint Committee on Powder Diffraction Standards (JCPDS) was used as a reference. Peaks produced from X-Ray Diffractogram enabled the determination of d-spacing which associated with the types of mineral. 

Results and Discussion
Table 2 shows the percentage of sand, silt, clay and the textural class of sediments in the study area. The distribution patterns of sand, silt and clay are shown in Figure 2, 3 and 4, respectively. Most of the sediments in the study area can be classified as cohesive sediments where the size of sediments is less than 125 m in diameter and large surface area in relation to its mass. The high percentage of clay particles with the value > 50% was recorded at ST1, ST2, ST3, ST4, ST7, ST11, ST13 and ST17. The high percentage of sand with the value > 50% was found at ST6, ST10, ST12, ST15, ST16 and ST18. Only ST5 registered silt content more than 50%. 




Table 2.  Percentage of sand, silt and clay and textural classes of sediments in the study area
	Station
	Sand (%)
	Silt (%)
	Clay (%)
	Textural class

	1
	22.73
	10.69
	66.56
	Clay

	2
	27.83
	8.16
	63.98
	Clay

	3
	34.92
	7.91
	57.83
	Clay

	4
	37.98
	6.50
	55.52
	Clay

	5
	36.14
	55.86
	8.01
	Silt loam

	6
	54.09
	6.91
	39.02
	Sandy clay

	7
	32.07
	7.90
	60
	Clay

	8
	49.4
	6.53
	44.08
	Sandy clay

	9
	42.14
	7.42
	48.98
	Sandy clay

	10
	73.88
	24.50
	23.66
	Sandy clay loam

	11
	21.81
	15.40
	62.8
	Clay

	12
	61.1
	4.15
	37.74
	Sandy clay loam

	13
	21.09
	15.83
	63.09
	Clay

	14
	44.26
	6.91
	48.86
	Clay

	15
	51.02
	5.89
	43.1
	Sandy clay

	16
	63.47
	7.87
	28.67
	Sandy clay loam

	17
	36.9
	8.01
	55.1
	Clay

	18
	79.86
	4.24
	15.9
	Sandy Loam

	19
	48.52
	5.94
	45.55
	Sandy clay

	20
	37.22
	8.63
	54.18
	Clay




The relative proportion of textural classes of sediment was based on the percentage of sand, silt and clay (Table 2). Generally, the southwestern coastal area of Johor is dominated with clay (ST1, ST2, ST3, ST4, ST7, ST11, ST13, ST14, ST17 and ST20), sandy clay (ST6, ST8, ST9, ST15 and ST19), sandy clay loam (ST10, ST12 and ST16), sandy loam (ST18) and silt loam (ST5). Coarse sediment is dominant in two areas namely Tanjung Pelepas Port (ST10 and ST16), and the coastal area between south Pulau Kukup (ST 5) and Tanjung Piai National Park (ST18). The prevalence of coarse sediment in Tanjung Pelepas Port might be due to the wave action created by shipping activities and the deepening process of the port through dredging activities. Both processes will destabilize the composition of sediment in the port area and it will be much easier for them to be transported out in any condition involving increasing water forces. Meanwhile, finer sediment tends to accumulate in the upstream of Sungai Pulai (ST11 and ST13), northern part of Pulau Kukup (ST1, ST3 and ST7) and in front of Tanjung Piai town (ST19 and ST20). We assume that the accumulation of finer sediment had occurred due to the low energy environment. This will offer a suitable condition for the deposition of fine-grain sediment in those three areas compared to Tanjung Pelapas Port and the coastal area between south Pulau Kukup and Tanjung Piai National Park. Consequently, it is hypothesized that the different distribution pattern of sand, silt, clay and textural classes of sediment are relatively due to the different forces of water energy in this environment. 
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Figure 2.  Distribution patterns of sand in the study area
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Figure 3.  Distribution patterns of silt in the study area
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Figure 4.  Distribution patterns of % clay in the study area


Element oxides
Table 3 shows the percentage of element oxides in the study area. The dominant element oxides found in the study area are SiO2 (59.62%) followed by Al2O3 (12.49%). The rest of the element oxides such as K2O, ClO2, MgO2, MnO2 and ZnO2 are present in trace amounts. The dominance of SiO2 indicates that the area is highly siliceous [12]. The higher percentages of SiO2 are found at ST6 (75.43%) and ST5 (72.47%), which show that these stations are most siliceous compared to the other of stations. The dominance of quartz might be due to the weathering product of granite, which is the dominant rock discovered in southern Peninsular Malaysia [13]. It is assumed that the quartz becomes the most resistant mineral in the coastal area of Southwestern Johor due to high temperatures and annual rainfall of tropical climatic conditions thus leading to the presence of high SiO2 content.

The second most abundant element oxide is Al₂O₃ (corundrum) formed from igneous rock. The high content of this element at ST12 might be due to high-energy of water in upstream that erodes, transports and deposits sediments into the mangrove area. Wayne et al. [14] suggest that Al₂O₃ in certain environments are strongly influenced by aeolian input driven by wind activity and higher energy transport. The formation of corundum also occurs during hydrothermal alteration of volcanic and ultramafic rocks, under regional metamorphism of alumina-rich clays and bauxites, and in alkaline magmas that are alumina-supersaturated and silica-undersaturated [15]. 

The other oxide elements present in surface sediments of the study area were K2O (2.19%), ClO2 (2.12%), Na2O (2.11%) and MgO (1.90%). K2O is a major element oxide present in trace amounts in the study area. This might be due to the sediment deposits originating from the dissolution of K-feldspar and mica [16]. Manganese oxide is a minor component of sediment with a value below 0.5% of dry weight and exists in the sediment as carbonate phase and oxi-hydroxide phase. The average content of MnO in the study area was 0.96 %. This value is about one-fold lower than K2O, ClO2, Na2O and MgO.




Table  3.  Percentage of element oxides in sediments of the study area
	Station
	SiO2
	Al2O3
	K2O
	ClO2
	Na2O
	MgO
	MnO
	ZnO

	1
	55.16
	8.64
	1.67
	2.64
	1.15
	1.2
	0.9
	1.43

	2
	56.26
	9.63
	1.62
	2.7
	5.2
	1.02
	0.84
	0.6

	3
	57.18
	8.91
	3.14
	1.65
	1.25
	1.14
	1.23
	0.37

	4
	59.27
	9.23
	3.22
	2.07
	1.64
	1.26
	0.64
	0.54

	5
	72.47
	8.71
	2.51
	2.72
	7.31
	1.43
	0.4
	1.07

	6
	75.43
	19.51
	1.74
	1.67
	4.12
	2.46
	0.87
	0.51

	7
	59.22
	9.31
	1.84
	1.86
	4.32
	2.44
	0.98
	0.42

	8
	60.43
	20.45
	1.67
	1.48
	1.7
	2.51
	1.15
	0.79

	9
	55.82
	9.01
	1.79
	1.94
	1.4
	2.34
	1.43
	0.61

	10
	61.24
	9.94
	1.83
	1.87
	1.89
	1.35
	0.86
	0.55

	11
	55.47
	18.6
	2.65
	3.02
	2.03
	1.48
	0.84
	0.58

	12
	58.87
	24.86
	2.74
	2.69
	1.46
	1.64
	0.89
	0.57

	13
	57.24
	22.63
	3.1
	2.51
	0.83
	2.12
	0.82
	0.59

	14
	53.14
	16.71
	1.49
	2.64
	1.45
	2.21
	0.74
	0.5

	15
	60.4
	16.04
	1.69
	1.95
	0.69
	2.46
	1.19
	1.13

	16
	62.04
	8.73
	2.47
	1.92
	1.79
	2.01
	0.79
	0.50

	17
	57.3
	8.31
	2.91
	1.11
	0.61
	2.35
	1.29
	1.35

	18
	57.84
	5.04
	2.46
	2.38
	1.64
	2.45
	1.83
	0.99

	19
	60.15
	10.3
	1.57
	2.26
	1.43
	2.37
	0.63
	0.82

	20
	53.72
	8.33
	1.86
	1.43
	1.65
	2.11
	0.76
	0.46

	Average
	59.62
	12.49
	2.19
	2.12
	2.11
	1.90
	0.96
	0.70

	SD (±)
	5.48
	5.68
	0.58
	0.51
	1.70
	0.53
	0.32
	0.32




The lowest abundant element oxide in this environment is ZnO. However, the content of this element oxide is relatively higher compared to the earth's crustal values. The concentration of ZnO (~ 0.7%) registered a hundred times higher value than the average natural zinc in the earth's crust (70 ppm). In the manufacturing industry, ZnO is widely used as an additive in numerous materials and products including rubbers, plastics, ceramics, glass, cement and lubricants [17]. Thus, it is plausible that the anthropogenic input might be mixed with the natural zinc-origin products, causing an enrichment of ZnO in this environment. 

SEM imagery and major element peaks clearly show the differences in grain particle shapes and element contents between downstream (Figure 5a) and upstream (Figure 5b) areas. Downstream sediments are characterized with sorted and more rounded angularity grain, higher content of silicon and aluminum. On the other hand, the upstream sediment recorded was poorly sorted and angular type of grain. There is a possibility that high-energy water especially during monsoon season sorted and smoothed the edges of grain particle in the transportation process of sediment from upstream to downstream.
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Figure 5.  An example of SEM-EDS imagery and major element peaks of (a) downstream and (b) upstream area


Clay minerals
Table 4 shows the clay minerals present in the study area. Quartz (Figure 6a) is the dominant mineral found in most of the stations (ST1, ST2, ST3, ST8, ST10, ST11, ST12, ST14, ST15, ST19 and ST20) and frequent at ST4, ST6, ST7, ST13, ST16, and ST17, while few at ST5, ST9 and ST18. The second most abundant clay mineral is kaolinite (Figure 6b) which is dominant at ST1 and ST13. Kaolinite is present at station ST3 and ST6, in moderate amounts whereas exists in small amounts at other remaining station. Hurst [18] proposed that the distribution of kaolinite is often associated with the exfoliation and change in content of mica minerals in sediments. This might be due to the influence of weathering. Pehlivanoglou et al. [4] suggested that low distribution of kaolinite was due to unfavorable climatic conditions as well as physicochemical factors including sediment origin, rapid transportation and deposition process at the sampling station. Presence of kaolinite as a dominant clay mineral indicated maturity of the sediments and the weathering stage. The predominance of kaolinite indicated humid periods that lead to intensive leaching and chemical weathering [19].

The third abundant mineral in the surface sediment is muscovite (Figure 6c). This clay mineral is present at ST10 and ST11 in moderate amount, while ST1, ST8, ST12 and ST13 show the presence of muscovite in small amounts. High content of muscovite can be found at Sungai Pulai (ST10 and ST11), respectively. According to Rothwell [20], muscovite was the second most stable primary mineral after quartz. Muscovite is usually found in coarse-grained igneous rock and intermediate metamorphic rock [21]. The existence of this clay mineral in the sediments indicated that the sediments are still young [22]. 

Only four stations had shown the presence of illite with ST13 showing moderate amounts while ST8, ST15 and ST20 show small amounts of illite. On the other hand, ST15 is the only station showing moderate content of smectite in the study area. The presence of smectite in small amounts at ST1, ST2 and ST13 might be influenced by the accumulation and intensity of weathering products. El-Attar et al. [23] found that smectite exists on the surface layer of sediment by the mixing of aeolian inputs from the plateau.


Table 4.  The presence of clay minerals in sediments of the study area
	Station
	Clay Minerals

	
	Quartz
	Calcite
	Smectite
	Illite
	Kaolinite
	Muscovite

	1
	+++
	+
	+
	-
	+++
	+

	2
	+++
	-
	+
	-
	+
	-

	3
	+++
	-
	-
	-
	++
	-

	4
	++
	-
	-
	-
	+
	-

	5
	+
	-
	-
	-
	+
	-

	6
	++
	-
	-
	-
	++
	-

	7
	++
	-
	-
	-
	+
	-

	8
	+++
	-
	-
	+
	+
	+

	9
	+
	-
	-
	-
	+
	-

	10
	+++
	-
	-
	-
	++
	++

	11
	+++
	-
	-
	-
	+
	++

	12
	+++
	-
	-
	-
	+
	+

	13
	++
	+
	+
	++
	+++
	+

	14
	+++
	+
	-
	-
	+
	-

	15
	+++
	-
	++
	+
	+
	-

	16
	++
	-
	-
	-
	+
	-

	17
	++
	-
	-
	-
	+
	-

	18
	+
	-
	-
	-
	+
	-

	19
	+++
	-
	-
	-
	+
	-

	20
	+++
	-
	-
	+
	+
	-


+++ Mineral present in large amount (dominant)
++   Mineral present in moderate amount (frequent)
+     Mineral present in small amount (few)
-      Mineral not present
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Figure 6.  	Morphological features of clay minerals found in the study area (a) quartz (b) kaolinite and  
(c) muscovite


Conclusion
The mean concentrations of studied element oxides in decreasing order is as follows SiO2 > Al2O3 > K2O ≥ ClO2 ≥ Na2O > MgO > MnO > ZnO. The presence of quartz as the dominant mineral in this tropical environment is consistent with SiO2 as the most abundant major element oxide. The abundance of kaolinite compared to other clay minerals indicated the advance-weathering stage and reflection of granite as the major rock type in the area. The higher level of ZnO as compared to the earth's crustal value is associated with the combination of anthropogenic input, and natural geological and geochemical processes. The change in grain surface morphology and sorting from the upstream to the downstream show the intensity of sediment transport processes.
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