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ABSTRACT 

Surface sediment samples collected from the foreshore of the Badagry Beach were studied for their grain size 

and geochemical composition in order to unveil the intensity of weathering and provenance. Wet sieving 

method was adopted and the sand sizes were determined from the sediment as residues for subsequent 

mechanical sieve analysis. Whole rock analysis using lithium tetraborate fusion was used in digestion of the 

pulverized beach samples. Inductively Coupled Plasma-Emission Spectrometer (ICP-ES) was used in the 

quantification of elements’ concentrations. Particle size analysis revealed that the emplaced sediments are 

dominated by traction population under high energy hydrodynamic regime. Sediments are coarse grained with 

unimodal distribution, fine skewed, well to moderately sorted. Silica content in the sediments of Badagry 

Beach increases with a decrease in the concentration of soluble elemental oxides such as Al2O3, FeO2, CaO 

and MgO showing linear negative trends whereas, K2O, and Na2O showed linear positive correlation. The CIA 

values for the sand-grade beach are generally < 50%, implying sediments were generated from a source area 

not affected by significant chemical decomposition of minerals. Ternary plot of Al2O3, TiO2 and Zr inferred 

sediments are enriched in heavy mineral Zr depicting compositional maturity and a reflection of crustal 

composition. The A-CN-K diagram revealed that the clastic sediments are richer in plagioclase than alkaline 

feldspar. Badagry Beach sediments have not been strongly depleted in most soluble elements such as CaO, 

Na2O and K2O consequent upon the insignificant chemical weathering of the constituent minerals. 
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INTRODUCTION 

Grains relationship and the size distribution define ‘the texture’ of sediments which has assumed importance 

in many of its significant properties. The texture of sedimentary formation helps to infer mode and distance of 

transport, energy condition and depositional processes (Sharath  et, al. 2022). Sediments settle in different 

densities and structures, depending on the local wave action and weather, creating different textures, colors 

and gradients or layers of materials. The understanding of sedimentary processes, especially the environmental 

factors that influence weathering, transportation, deposition and subsequent modification of the sediments is 

crucial in determining the source and reconstructing the environment of deposition (Omotoye et. al., 2016). 

The grain size analysis is a commonly used parameter to determine the textural characteristics of sediments as 

all environments have their own signatures imprinted to depict different stages of denudational activities (Riyaz 

and Jeelani, 2015). Particle size analysis (PSA) therefore, provides important clues to the sediment provenance, 

transport history and depositional conditions (Folk and Ward, 1957; Friedman, 1979; Bui et al., 1990).  

Also, the geochemical composition of clastic sediments has been widely used to infer the provenance (Varga 

et al., 2017), to evaluate the weathering history of the source area (Ma et al., 2017), and to infer the tectonic 

environment (Verma and Armstrong-Altrin, 2013; 2016). The geochemistry of sedimentary formations 

associated with sands from beach, alluvial, and marine aeolian actions supports maturity process of the sands 

(Juan José et al., 2007). The elemental concentrations in the various grain sizes are largely due to composition 
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and textural characteristics of the source rocks. The geochemical characteristics of sediments are capable of 

determining the distribution of trace metals in the sediments and identify any correlation. The main objectives 

of this study are, to determine the grain size composition and textural attributes of the sediments, evaluate the 

chemical elements constituting the beach sediments as well as investigate the intensity of chemical weathering, 

provenance, and tectonic environment. 

 

Study Area 

Badagry Beach is located in Badagry town in the West of Lagos State, Nigeria. It is situated towards the border 

of the Benin Republic. The Badagry Beach area is within latitude 60 23’ 0’’ N to 60 24’ 0’’ N and longitude 20 

48’ 0’’ E to 20 54’ 0’’ E (Fig. 1). The Badagry Beach is accessible by expressway, and the study location is 

accessible using footpath. The drainage pattern identified in the area, though not connected to the sea is 

dendritic as major rivers such as Ogun, Osun, Yewa and Majidun rivers are connected to the neighbouring 

creeks.     

Geologically, Badagry lies within the coastal sands and recent alluvium of the Dahomey Basin. The geology 

of the Lagos area is dominated by a continuous repetition of clayey and sandy horizons. These horizons show 

lateral continuity in several part of the area.  The lithology is made up of successions of sandy-clay, sands, 

clayey sands, and gravely sands, sequences. The sandy-clay layer ranges from reddish-brown to pinkish in 

colour. The sands units vary from very fine silty-sands to very coarse gravely sands. The sands and clay 

sequence have isolated intercalated bands of dark-brown to black peat. Borehole evidence indicates that the 

Cretaceous and Tertiary sediments underline the coastal plain sands with a general southward gentle dip, and 

thickening seawards. 

 

 

 
Figure 1: Location map of Badagry Beach showing the stations sampled. 

 

Angorin Beach
Gberefu Beach
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MATERIALS AND METHODS 

Twenty-four surface sediment samples were collected at 200 m interval along the long-shore current direction 

from Angorin beach to the end of Gberefu beach fronts at Badagry. Each sample was taken from surface to the 

depth of about 15cm at each sampling station, using a plastic jar. Consequent upon the homogenous nature of 

the samples, two successive stations were added as one to bring the samples to twelve while quartering 

procedure was duly followed to ensure true representation of stations sampled. The Global Positioning System 

(GPS) was used to take coordinates at each sampled location. 

The samples collected were oven dried to constant weight at temperature 45 degree Celsius before wet sieving. 

Two hundred and fifty grams of each sample was weighed and wet sieved through a 0.063mm sieve to separate 

the samples into coarse (sand and gravel retained on the sieve) and mud (clay and silt) fractions. Two hundred 

gram (200g) of sample was weighed from the oven dried residue gotten from the wet sieved sample (>0.063 

mm fraction) and passed through a stack of nested sieve arranged in ascending order of increasing aperture 

sizes: 0.063mm, 0.150mm, 0.180mm, 0.212mm, 0.425mm, 0.800mm, 0.850mm, and 2.0mm, sieved for an 

interval of 20 minutes. Generally, the frequency for the cumulative weight percent and the corresponding phi 

data was subsequently used to plot and calculate the graphical statistical parameter such as Graphic mean, 

Inclusive graphic standard deviation, Inclusive graphic skewness and Graphic kurtosis. 

The samples were analyzed for major and trace elements geochemistry. Whole Rock Analysis using Lithium 

Tetraborate Fusion was used in digestion of the pulverized beach sediments, as it is effective for most resistive 

mineral phase. The average fusion time needed was 2 hours. Standards for the ICP-AES measurements were 

prepared in the Li2BnO7 flux matrix. Fusion blanks analyzed with the samples were found to contain negligible 

amounts of the elements of interest. (Alice et al., 1992). Inductively Coupled Plasma-Emission Spectrometer 

(ICP-ES) was used in the quantification of elements’ concentrations. 

 

RESULTS AND DISCUSSION 

The results obtained from particle size analysis were used to generate various textural parameters such as 

Graphic Mean, Skewness and Standard Deviation by employing graphical and statistical methods. The 

summary of the primary and secondary data generated are presented in tables 1, 2 and 3. 

 

Textural properties 

Results from the statistical mean size (Mz) have revealed that average grain diameter ranges from 0.2 to 1.93 

phi. The Badagry Beach is constituted by coarse to medium grained sand. Slight variation in grain sizes was 

evident along the foreshore of the beach. The overwhelming proportion of coarse grains is an indication of 

strong wave convergence due to the prevailing high energy conditions. Very well sorted to moderately sorted 

sediments predominate owing to the fact that sediments are mostly coarse sand grade. 

Skewness, a measure of asymmetry of grain size population is considered a very important parameter in 

textural analysis because of its extreme sensitivity in subpopulation mixing. The beach sediments are mostly 

very fine to fine skewed except samples GB7A, GB8A and GB10A that exhibit coarse and very coarse skewed 

respectively. The dominance of fine skewness is a consequence of unidirectional flow of transportation agent 

with significant energy dissipation, whereas the coarse character implies that fine grains have been removed 

through strong winnowing and erosion arising from swash and backwash in the concerned stations.  

Unlike skewness, kurtosis is not environment sensitive and hence does not contribute information on the 

depositional conditions. Kurtosis gives the degree of peakedness of a given distribution from its normal curve 

(Mesokurtic). The peakedness of the frequency curve is a measure of the contrast between sorting and the 

central part of the size distribution curve and that of the tails. Platykurtic character dominates in the beach 

sediment.  

The aperture sizes plotted against cumulative weight % (Fig. 2) shows that the sediments have traction 

population, saltation population and suspended particles. The plot of aperture sizes in Phi unit against 

individual weight % (Fig. 3) revealed unimodal sediment which suggests a single source of sediment supply. 
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Table 1: Aperture Size and the corresponding Cumulative Weight Percentage of the Beach sediments 

 
 

 

 

 
Figure 2: The aperture sizes plotted against cumulative weight % 

Mm µm Ø GB1A GB2A GB3A GB4A GB5A GB6A GB7A GB8A GB9A GB10A GB11A GB12A

2.00 2000 -1.00 0.57 0.05 0.19 0.88 1.23 0.70 1.95 2.27 0.23 0.04 0.04 0.53

0.85 850 0.20 5.25 4.70 6.08 10.38 14.94 8.04 21.19 20.18 6.02 1.51 1.51 6.96

0.80 800 0.32 18.55 23.03 30.48 28.66 44.31 29.45 50.02 53.69 24.25 19.34 19.34 46.27

0.43 425 1.05 45.95 52.13 63.18 58.39 73.90 62.68 78.26 78.92 55.96 55.09 55.09 76.83

0.21 212 2.25 87.37 89.08 91.12 86.97 89.95 90.87 92.12 92.60 87.63 90.11 90.11 92.36

0.18 180 2.50 88.44 89.17 91.57 87.68 90.19 91.41 92.27 92.83 88.13 90.78 90.78 92.76

0.15 150 2.75 89.00 90.20 95.08 88.22 90.30 91.80 92.40 93.23 88.32 91.28 91.28 93.07

0.63 63 4.00 89.23 91.03 95.46 88.59 90.86 91.82 92.55 93.52 88.47 91.82 91.82 93.46

95.35 95.03 95.78 95.14 96.00 95.71 95.43 95.94 93.69 95.95 95.95 95.96
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Table 2: Aperture Size and the corresponding Individual Weight Percentage of the Beach sediments 

 
 

 

 

 

 
Figure 3: Aperture Size against individual weight % 

 

Mm µm Ø GB1A GB2A GB3A GB4A GB5A GB6A GB7A GB8A GB9A GB10A GB11A GB12A

2.00 2000 -1.00 0.57 0.05 0.19 0.88 1.23 0.70 1.95 2.27 0.23 0.04 0.04 0.53

0.85 850 0.20 4.68 4.65 5.89 9.50 13.71 7.34 19.24 17.91 5.79 1.47 1.47 6.43

0.80 800 0.32 13.30 18.33 24.40 18.28 29.37 21.41 28.83 33.51 18.23 17.83 17.83 39.31

0.43 425 1.05 27.40 29.10 32.70 29.73 29.59 33.23 28.24 25.23 31.71 35.75 35.75 30.56

0.21 212 2.25 41.42 36.95 27.94 28.58 16.05 28.19 13.86 13.68 31.67 35.02 35.02 15.53

0.18 180 2.50 1.07 0.90 0.45 0.71 0.24 0.54 0.15 0.23 0.50 0.67 0.67 0.40

0.15 150 2.75 0.56 1.03 3.51 0.54 0.11 0.39 0.13 0.40 0.19 0.50 0.50 0.31

0.63 63 4.00 0.23 0.83 0.38 0.37 0.56 0.02 0.15 0.29 0.15 0.54 0.54 0.39

6.12 4.00 0.32 6.55 5.14 3.89 2.88 2.42 5.22 4.13 4.13 2.50

95.35 95.03 95.78 95.14 96.00 95.71 95.43 95.94 93.69 95.95 95.95 95.96
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      Table 3: Textural Properties of Sediments (Phi unit for mean, sorting, skewness and kurtosis) 

 
       

GEOCHEMISTRY 

Major and trace element concentrations 

Although the geochemical classification of sediments is not well developed, various authors have proposed 

few classification schemes for clastic sedimentary rocks or sediments based on their geochemical composition 

(Crook, 1974; Blatt et al., 1980; Herron, 1988). Table 4.0 shows overall chemical composition of the sediments 

revealing slight variations in silica composition from 91.48 % (sample GB1A) to 93.84 % (sample GB10A). 

The concentration of the oxides in the sediments of Badagry Beach shows the following trend: SiO2 ranges 

Samples Mean Sorting Skewness Kurtosis Interpretation

GB1A 0.80 0.88 0.13 0.97
Coarse-grained sand, moderately sorted,

fine skewed, and mesokurtic.

GB2A 1.93 0.98 0.40 1.42
Medium grained sand, moderately

sorted, very fine skewed, leptokurtics

GB3A 1.52 -0.78 0.35 0.93
Medium grained sand, moderately well

sorted, very fine skewed, mesokurtic. 

GB4A 0.40 0.92 0.44 1.30
Coarse grained sand, moderately well

sorted, very positive skewed, leptokurtic. 

GB5A 0.36 0.31 0.25 0.00
Coarse grained sand, very well sorted,

fine skewed, very platykurtic.  

GB6A 0.40 0.91 0.50 1.59
Coarse grained sand, moderately sorted,

very fine skewed, very leptokurtic.

GB7A 0.57 0.52 -0.27 1.34
Coarse grained sand, moderately well

sorted, coarse skewed, leptokurtic. 

GB8A 0.51 0.52 -5.72 0.87
Coarse grained sand, moderately well

sorted, very coarse skewed platykurtic. 

GB9A 0.93 0.23 8.50 -0.04
Coarse grained sand, very well sorted,

very fine skewed, very platykurtic.

GB10A 0.20 0.04 -4.87 0.09
Coarse –grained sand, very well sorted,

very coarse skewed, platykurtic. 

GB11A 0.42 0.32 6.32 -0.08
Coarse grained sand, very well sorted,

very fine skewed, very platykurtosis.

GB12A 0.67 0.26 0.71 -0.06
Coarse grained sand, very well sorted,

very fine skewed, very platykurtic.
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from 91.48-93.91%, Al2O3 1.47-1.64%, Fe203 1.06-1.32%, TiO2 0.03-0.05, MgO 0.09-0.2%, CaO 1.08-1.15%, 

Na2O 0.51 - 0.56 %, and K20 0.35-0.39%.  

Sediments from Badagry beach contain SiO2 as the most dominant oxide in the sediments, confirming the 

sandy nature of the sediments (Figures 4 and 5).  

 

Table 4: Major Oxides and Trace element concentrations in weight % for the beach sands 

 

 
Figure 4: Harker’s Diagram for SiO2 against Major Elements 

Samples SiO2 Al2O3  Fe2O3  MgO  CaO Na2O K2O TiO2 P2O3 MnO Cr2O3 Ba Ni Sr Zr Y Nb SC LOI

GB1A 91.48 1.58 1.12 0.1 1.13 0.52 0.36 0.04 0.03 0.01 <0.002 130 <20 78 36 <3 <5 4

GB2A 92.63 1.64 1.14 0.2 1.15 0.54 0.37 0.05 0.04 0.01 0.003 132 <20 77 34 <3 <5 3

GB3A 93.62 1.63 1.06 0.14 1.12 0.51 0.38 0.04 0.05 0.02 0.003 130 <20 79 35 <3 <5 4

GB4A 93.82 1.49 1.07 0.12 1.09 0.55 0.37 0.04 0.03 0.01 <0.002 128 <20 76 36 <3 <5 3 6.2

GB5A 93.58 1.5 1.09 0.1 1.1 0.53 0.36 0.03 0.02 0.01 0.002 126 <20 78 35 <3 <5 4

GB6A 93.91 1.48 1.12 0.09 1.11 0.54 0.35 0.04 0.03 0.02 <0.002 130 <20 77 36 <3 <5 4

GB7A 92.63 1.49 1.13 0.12 1.08 0.56 0.36 0.03 0.03 0.01 0.002 132 <20 76 34 <3 <5 3

GB8A 93.54 1.47 1.23 0.13 1.11 0.54 0.38 0.05 0.03 0.03 <0.002 130 <20 78 35 <3 <5 4

GB9A 93.79 1.5 1.15 0.11 1.1 0.55 0.36 0.03 0.02 0.01 0.002 132 <20 77 36 <3 <5 4

GB10A 93.84 1.5 1.11 0.1 1.11 0.53 0.38 0.05 0.03 0.01 <0.002 129 <20 78 36 <3 <5 4 6.3

GB11A 92.92 1.62 1.32 0.12 1.13 0.54 0.39 0.04 0.04 0.01 <0.002 130 <20 78 36 <3 <5 2

GB12A 93.56 1.52 1.1 0.11 1.14 0.53 0.37 0.05 0.06 0.02 0.003 131 <20 76 35 <3 <5 1
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Silica content in the sediments of Badagry Beach increases with a decrease in the concentration of soluble 

elemental oxides such as Al2O3, FeO2, CaO and MgO indicating linear negative trends. Whereas, K2O, and 

Na2O show linear positive correlation with SiO2 (Figure 4) as the silica contents in the sediments increase with 

increase in the concentration of the major oxide. However, these major oxides exhibit no particular trends with 

aluminum (Figure 6) due to their chemical mobility potential. The silica plot against the trace elements such 

as Y, Zr and Sr, and ratios of K2O/Na2O depict no particular correlation, whereas Ba and Mg show negative 

linear correlation with silica (Figure 4). The aluminum plot against the trace oxides shows no linear correlation 

(Figure 7). 

 

Weathering Intensity 

Chemical Index of Alteration (CIA) is a measure of weathering intensity in the source region (Nesbitt and 

Young, 1982). According to the A-CN-K diagram (Figure 8), un-weathered igneous rocks have CIA values 

near 50, whereas intensively weathered clay materials like kaolinite, gibbsite, and chlorite have values up to 

100. The CIA values for the Badagry beach sands are generally < 50%, this indicates that these sediments were 

generated from a source area not affected by significant chemical decomposition of minerals.  

 

 

 
Figure 5: Harker’s Diagram for SiO2 against Trace Elements 
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Figure 6: Harker’s Diagram for Al2O3 against Trace Elements 

 

 
Figure 7: Harker’s Diagram for Al2O3 against Trace Elements 
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Figure 8: A-CN-K (Al2O3-CaO+Na2O-K2O) ternary diagram with associated chemical index of 

alteration (CIA) after Nesbitt and Young (1982). Squares and bars symbolize average composition of 

tonalite (Tl), granodiorite  (Gd), granite (Gr), kaolinite (Ka), chlorite (Chl), smectite (Sm), illite (Il), 

muscovite (Mu), plagioclase (Pl) and k-feldspar (Kfs). 

 

Ternary plots based on Al2O3, TiO2 and Zr may illustrate the presence of sorting-related fractionations 

recognizable by simple mixing trends on a ternary Al2O3-TiO2-Zr diagram (Garcia et al. 1994). The plot 

interpreted the influence of sorting processes and provides information on the zircon concentration in sediment 

with a limited range of Al2O-Zr (Fig. 9), indicating the sediments to be enriched in heavy mineral Zr depicting 

compositional maturity and a reflection of crustal composition.  

 
Figure 9: Garcia’s ternary plot of 15*Al2O3-Zr-300*TiO2 showing degree of sorting in the studied 

sediments. 

Figure 8: A-CN-K (Al2O3-CaO + Na2O-K20) ternary diagram with 

associated chemical index of alteration (CIA) after Nesbitt and 

Young (1982). Squares and bars symbolize the average 

composition of tonalite (Tl), granodiorite (Gd) and granite (Gr) 

as well as Kaolinite (Ka), chlorite (Chl), smectite (Sm), i l l ite (l l), 

muscovite (Mu), plagioclase (Pl) and K-feldspar (Kfs)
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Provenance 

The ratios of Al2O3 /TiO2 have proven to be effective in source discrimination of clastic sediments due to the 

resistance of these oxides to weathering, transportation and diagenesis processes (Abu and Sunkari, 2020), and 

have been used to a larger extent by many workers in sediment source characterization (Garcia et al., 1994; 

Girty et al., 1996 and Armstrong-Altrin et al., 2012). The ratios Al2O3 / TiO2, and TiO2/Zr are good indicators 

of provenance (Hiscott 1984, McLennan et al. 1993, Cullers 1994, Hayashi et al. 1997). Mafic source rocks 

have Al2O3 /TiO2 ratios. The (CaO + MgO)-SiO2/10-(Na2O+K2O) (Fig. 10) ternary plot shows the high 

presence of Silica in all minerals. The binary plot of SiO2 against K2O/Na2O (Fig. 11) indicates that the 

sedimentation is associated with active continental settings. Meanwhile, the discrimination plot of K2O against 

Na2O indicates that the sediments are classified as Quartz-intermediate (Fig. 12). The binary plot of log 

(Fe2O3/K2O) versus log (SiO2/Al2O3) depicts Quartz arenite which reflects the composition of quartz 

dominating beach (Fig. 13). The high value points to compositionally matured sediments (Rashid et al., 2015; 

Anani et al., 2017).  

 
Figure 10: (CaO+MgO)-SiO2-(Na2O+K2O) diagram showing comparison between major-element 

compositions of the analyzed samples and those of ultramafic, basalts and granites (Taylor & McLennan 

1985). 

 
Figure 11: Binary plot for the samples showing tectonic setting (Roser 1986).  PM- Passive continental 

settings, ACM- Active continental settings, Arc- Island Arc 
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Figure 12: Plot of Na2O versus K2O showing quartz enrichment 

 

 
Figure 13.: The classification of Terrigenous sandstones and Shales  (After Herron, 1988). 

 

CONCLUSIONS 

The statistical mean values showed the prevalence of coarse sands. Sediments are moderately sorted, very fine 

skewed, and most are very platykurtic. Evidently the foreshore wind frequencies and the high energy 

hydrodynamic swash enabled the emplacement of mostly coarse grain and moderately sorted sediments. The 
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individual weight % plotted against the grain diameters unveiled unimodal distribution, inferring single source 

sediment. Also, sediments are chiefly constituted by traction population inferring from the log-linear graph of 

cumulative weight percent and particle diameters. 

The A-CN-K diagram revealed that the clastic sediments are richer in plagioclase than alkaline feldspar. 

Badagry Beach sediments have not been strongly depleted in most soluble elements such as CaO, Na2O and 

K2O consequent upon the insignificant chemical weathering in the environment. The sediments which seemed 

to have been sourced from quartz-intermediate rocks are enriched in heavy mineral Zr. The intensity of 

mechanical disintegration of minerals and high degree of sediment sorting espoused with winnowing of fine 

particles of the sand grade beach produced quartz arenite. 
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