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Abstract- Geochemical characterization of the Epe lagoon 

sediments was carried out in order to determine their depositional 

environment, provenance and weathering history. A total of 

Nineteen (19) samples were obtained from the upper 2-3m of the 

lagoon base and analyzed for Elemental composition using the 

Atomic Absorption Spectrophotometry (AAS) method. 

Laboratory analysis revealed values of the major oxides as 

follows:  SiO2 (52.99%-98.87%), Al2O3 (0.71%-35.46%), Fe2O3 

(0.04-2.96%), MgO (0.01%-0.11%), CaO (0.01-0.42), Na2O 

(0.01%-0.08%), K2O (0.03%-0.91%), TiO2 (0.01%-4.56%), P2O5 

(0.01%-0.33), MnO (0.01%-0.45%). Very low average values of 

Al2O3/SiO2 (0.08932) and relatively high average value of 

SiO2/Al2O3 (64.33) indicated quartz enrichment which was 

corroborated by the high SiO2 values recorded. TiO2/Al2O3 

values (0.004-0.8604) indicated that the sediments are 

chemically matured. While geochemical analysis using 

specialized ternary plots revealed that the sediments were fine to 

medium grained clayey sands deposited in both continental and 

transitional environments with intensive weathering at the source 

area. 

 Index Terms- Geochemical, Lagoon, Provenance, Sediments,  

I. INTRODUCTION 

Geochemical studies have been used extensively in determining 

concentrations of heavy metals and other harmful elements 

within sediments. The Lagos lagoon which consists of three main 

segments (Lagos harbor, the Metropolitan and Epe division) has 

attracted a lot of geochemical studies arguably because of its 

location within the commercial city of Lagos which harbours 

over 75% of the Industrial outfits of Nigeria (Olatunji and 

Abimbola, 2010). However, since geologic processes affect the 

chemical composition of sediments, geochemical studies have 

also been widely used in characterizing sediments. Modern 

approaches in monitoring sediment provenance especially 

through discriminatory diagrams based on major and trace 

elements relationship has proved effective (Bauluz et.al, 2000). 

The geochemical behaviour of elements within sediments 

indicates substantial changes in the physical, chemical and 

biological conditions of the environment (Avramidis et. al, 

2010). Although various studies have been carried out by several 

workers in the Lagos Lagoon (Badejo et.al, 2014; Olatunji and 

Abimbola, 2010; Balogun et.al, 2011; Aderinola et.al, 2009; 

Ayola and Kuton 2009; Don-pedro et.al, 2004; Okoye et.al, 

1991; Ogunsua et.al, 1993; Osibanjo and Bamgbose, 1990; 

Oyewo et.al, 1982), not much emphasis have been made on the 

Epe division segment. Also much of the previous studies have 

focused on using geochemical data to ascertain the impact of 

both Industrial and anthropogenic waste on the sediments as well 

as aquatic life. 

This current study would focus on using geochemical data in 

characterizing sediments of the Epe division segment of the 

Lagos Lagoon in order to determine their depositional 

environment, provenance, weathering history and also update on 

existing available geochemical information.  

 

The study Area 

The Epe division segment of the Lagos lagoon (also called the 

Epe lagoon) lies within Latitude 6
o
29’N to 6

o
38’N and Longitude 

3
o
30’E to 4

o
05’E. It is located in Lagos, one of Africa’s densely 

populated cities. The lagoon is fed by river Oshun and opens into 
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the gulf of guinea through the Lagos harbour. It also has a 

surface area of about 225km
2
 with maximum depth of about 6m. 

However, a large area of the lagoon is relatively shallow with 

minimum depth of about 1m. Geologically, the Epe lagoon lies 

within the eastern axis of the Dahomey sedimentary Basin. The 

regional geologic setting, basin evolution, tectonic elements, 

stratigraphy and structural styles of the Eastern Dahomey Basin 

has been dealt with by various authors (Storey, 1995; Mpanda, 

1997; Omatsola and Adegoke, 1981; Ojeda, 1982; Adediran and 

Adegoke, 1987; Slansky, 1962; Billman, 1992; Adegoke, 1969; 

Ogbe, 1972; Agagu 1985).  

II. MATERIALS AND METHODS 

Sample collection  

A total of nineteen (19) samples were obtained from the upper 2-

3m of the lagoon base (i.e., the sediment-water interface) with 

sample points appropriately located using the Global Positioning 

System (Fig.1) (Table 1).  

Sample preparation and sieving  

After collection, the samples were drained of water and air-dried 

for one week. The dried samples were then disaggregated and the 

unwanted materials subsequently removed. In order to determine 

the granulometric characteristics of the samples, 100g of air-

dried soil sample was soaked in 1 litre solution of distilled water 

with 2g of calgon and the whole content was shaken regularly 

and agitated to ensure effective disaggregation. The soaked 

sample was then left for 24 hours and thereafter washed through 

sieve 2.36mm opening a little at a time. The washing continued 

until the water passing through the sieve was clear. The soil 

retained on the sieve was oven dried at a temperature of 100
0
c to 

110
0
c for 24 hours and then subjected to mechanical analysis.  

The mechanical analysis of the samples involved the 

determination of particle size distribution for coarse grained soil 

i.e. grains coarser than 0.063mm using a set of sieves. The sieves 

were carefully cleaned and their corresponding weight recorded. 

The collecting pan was placed at the bottom and the sieves 

arranged in order of increasing mesh size with the finest at the 

bottom and the coarsest at the top. The oven dried soil was then 

poured into the sieve from the top, covered with a lid and the 

whole stack taken to the sieve shaker which shook for 10 minutes 

thereafter the stack of sieves was removed from the sieve shaker 

and the amount retained on each sieve was weighed and the 

weight recorded. The percentage on each sieve was then 

computed by dividing the weight retained on each sieve with the 

original soil weight.  

Laboratory Analysis 

Inorganic geochemical analysis which involved digestion and 

determination of major and trace element abundances using the 

Atomic Absorption Spectrophotometry (AAS) method was 

carried out on the sediments. 

III. RESULTS AND DISCUSSIONS 

Lithologic Description 

The sediments of the Epe lagoon were mainly fine to medium 

grained clayey-sands ranging from light to dark grey in colour 

with some organic debris as well as some fossil shells. Although, 

some very fine clay materials with preponderant organic debris 

were also found (Table 2). Majority of the sediments plotted 

within the clayey-sand region very close to the sand axis 

indicating a dominance of sandy materials within the sediments 

(Fig. 2), as confirmed by the high SiO2 values (Table 3). The 

presence of organic debris within the sediments (Table 2) can be 

attributed to decay of both dead plant and animal matter which 

may have been transported from adjoining rivers, deposited 

within the lagoon and accumulated within the sediments. 

Geochemical Analysis 

Whole rock geochemistry of the study area is discussed mainly 

under major elements through the use of various ternary and 

bivariate plots which help in classification as well as deducing 

the depositional environment and weathering history of the 

sediments of the Epe lagoon. 

Major Element Geochemistry 

The abundance of major elements in the sediments of the Epe 

lagoon as well as their tabulated range of values and calculated 

mean values as obtained from the major element geochemical 

analysis are listed in Table’s 3, 4, 5 and 6. The dominance of 

SiO2 over all other oxides is a confirmation of the greater 

proportions of sandy materials within the sediments. The 

sediments have average SiO2 values higher than the average  
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Fig. 1: Map of study area showing sample locations 

 

TABLE 1: GPS Coordinates of sample points and locations within the study area 

S/N SAMPLE NUMBER LOCATION LATITUDE LONGITUDE 

1 Epe/st/1b Epe lagoon 6
O
33’27.74

O
N 4

O
03’21.51

O
E 

2  Epe/st/10a Epe lagoon 6
O
37’00.10

O
N 3

O
46’32.02

O
E 

3 Epe/st/7a Epe lagoon 6
O
36’38.63

O
N 3

O
51’50.86

O
E 

4 Epe/st/4b Epe lagoon 6
O
34’18.29

O
N 3

O
59’45.66

O
E 

5 Epe/st/1a Epe lagoon 6
O
32’39.88

O
N 4

O
03’54.85

O
E 

6 Epe/st/4a Epe lagoon 6
O
34’49.34

O
N 3

O
59’23.79

O
E 

7 Epe/st/8b Epe lagoon 6
O
36’02.41

O
N 3

O
49’17.74

O
E 

8 Epe/st/3a Epe lagoon 6
O
33’15.64

O
N 4

O
01’07.48

O
E 

9 Epe/st/5b Epe lagoon 6
O
34’32.26

O
N 3

O
58’17.06

O
E 
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10 Epe/st/7b Epe lagoon 6
O
36’04.42

O
N 3

O
49’57.97

O
E 

11 Epe/st/3b Epe lagoon 6
O
34’11.56

O
N 4

O
00’06.70

O
E 

12 Epe/st/9a Epe lagoon 6
O
36’48.28

O
N 3

O
47’58.18

O
E 

13 Epe/st/9b Epe lagoon 6
O
36’40.01

O
N 3

O
48’38.14

O
E 

14 Epe/st/5a Epe lagoon 6
O
34’18.59

O
N 3

O
58’47.62

O
E 

15 Epe/st/2a Epe lagoon 6
O
33’39.23

O
N 4

O
01’43.03

O
E 

16 Epe/st/8a Epe lagoon 6
O
36’36.01

O
N 3

O
50’48.30

O
E 

17 Epe/st/6a Epe lagoon 6
O
35’36.11

O
N 3

O
55’27.72

O
E 

18 Epe/st/6b Epe lagoon 6
O
36’19.03

O
N 3

O
53’32.66

O
E 

19 Epe/st/10b Epe lagoon 6
O
34’33.45

O
N 3

O
58’42.63

O
E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Ternary plot showing Lithologic distribution of sediments 
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Table 2: Lithologic Description of the Epe Lagoon Sediments  

S/N SAMPLE 

NUMBER 

FORMATION LITHOLOGY TEXTURE COLOUR ORGANIC 

MATTER 

1 Epe/st/1b Coastal-plain sands Clayey-sand Fine grain Dark Grey Presence of fossil 

shells 

2 Epe/st/10a Coastal-plain sands Clayey-sand Fine Grey No visible organic 

material found 

3 Epe/st/7a Coastal-plain sands Clayey-sand Fine-medium Grey Presence of fossil 

shells 

4 Epe/st/4b Coastal-plain sands Clayey-sand Fine Light grey Presence of fossil 

shells 

5 Epe/st/1a Coastal-plain sands Clayey-sand Fine Dark grey Presence of fossil 

shells 

6 Epe/st/4a Coastal-plain sands Clayey-sand Fine Dark grey Presence of fossil 

shells and organic 

debris 

7 Epe/st/8b Coastal-plain sands Clayey-sand Fine  Light  Presence of fossil 

shells 

8 Epe/st/3a Coastal-plain sands Clayey-sand Fine-medium Grey Presence of fossil 

shells 

9 Epe/st/5b Coastal-plain sands Clayey-sand Fine-medium Grey presence of fossil 

shells 

10 Epe/st/7b Coastal-plain sands Clayey-sand Fine-medium Grey Presence of fossil 

shells 

11 Epe/st/3b Coastal-plain sands Clayey-sand Fine-medium Grey Presence of fossil 

shells 

12 Epe/st/9a Coastal-plain sands Clayey-sand Fine-medium Dark grey Presence of fossil 

shells and organic 

debris 

13 Epe/st/9b Coastal-plain sands Clayey-sand Fine Dark grey Presence of fossil 

shells and organic 

debris 

14 Epe/st/5a Coastal-plain sands Clayey-sand Fine-medium Grey Presence of fossil 

shells 

15 Epe/st/2a Coastal-plain sands Clayey-sand Fine Light grey No visible organic 

material found 

16 Epe/st/8a Coastal-plain sands Clayey-sand Fine Grey Presence of fossil 

shells 

17 Epe/st/6a Coastal-plain sands Clayey-sand Fine Light grey Presence of organic 

debris 

18 Epe/st/6b Coastal-plain sands Clayey-sand Fine Grey Presence of organic 

debris 

19 Epe/st/10b Coastal-plain sands Clayey-sand Fine Light grey Presence of organic 

debris 

 

of 66% by weight of the upper continental crust (Taylor and 

McLennan, 1985). Corresponding high average value of 

Al2O3/(Na2O+CaO) recorded as 138.099 (Table 5) which is a 

ratio of the most immobile element to the most mobile element 

confirms the high content of clastic materials over carbonate 

materials within the sediment. Also, Al2O3/(Fe2O3+MgO) values 

which ranged from (1.65-29.54) (Table 5) indicates relatively 

moderate to high digenetic alteration. Furthermore, K2O/Al2O3 

values were found to range from 0.002-0.4973 suggesting 

sedimentary recycling or increase in the degree of source area 

weathering (Bauluz et.al, 2000); it also indicates weathering 

 

and alteration (Table 6). Very low average values of Al2O3/SiO2 

recorded as 0.08932 is an indication of quartz enrichment 

(Bhatia, 1983), this supports the relatively high average value of 

SiO2/Al2O3 recorded as 64.33 (Table 5) which also confirms the 

high SiO2 values previously observed within the sediments. 

Values of Al2O3, Fe2O3 and MgO were observed to decrease with 

increasing SiO2, while others such as CaO, Na2O, K2O, TiO2, 

P2O5 and MnO had very low concentrations (Table 3). More so, 

TiO2/Al2O3 values ranged from 0.004-0.8604, indicating that the 

sediments are chemically matured (Jenner et.al, 1981). The 

correlation results of TiO2 against Al2O3 and Fe2O3 with Al2O3 
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were positive (r = 0.98 and 0.60), while Na2O with Al2O3 was 

negative (r = 0.24) suggesting partial association with 

phyllosilicates (Fig. 3). The correlation results with K2O were 

also positive (r = 0.22, 0.14 and 0.74) suggesting the input of 

aluminosilicates and feldspar within the sediments. The positive 

correlation between K2O and Al2O3 (r = 0.19) (Fig. 3) implies 

that the concentration of potassium bearing minerals have 

significant influence on the distribution of  aluminum (Al) and 

thus suggest that the abundance of these elements is controlled 

by the content of clay minerals (McLennan et. al, 1983).

Table 3: Geochemical Composition of Epe lagoon sediments (Major elements expressed in percentage)  

S/N 

 

 

 

SAMPLE LOCATION SiO2 

 

 

 

Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Total 

1 Epe/st/1b Epe lagoon 60.9 30.3 1.43 0.07 0.04 0.02 0.33 3.42 0.08 0.01 96.6 

2 Epe/st/10a Epe lagoon 81.73 11.52 0.35 0.04 0.03 0.03 0.16 1.25 0.05 0.01 95.17 

3 Epe/st/7a Epe lagoon 52.99 35.46 1.55 0.05 0.02 0.01 0.17 4.56 0.1 0.01 94.92 

4 Epe/st/4b Epe lagoon 97.31 1.07 0.25 0.02 0.03 0.04 0.04 0.26 0.02 0.01 99.0 

5 Epe/st/1a Epe lagoon 98.37 0.71 0.04 0.01 0.03 0.04 0.04 0.06 0.01 0.01 99.32 

6 Epe/st/4a Epe lagoon 92.86 3.56 0.8 0.02 0.01 0.02 0.03 0.32 0.01 0.01 97.64 

7 Epe/st/8b Epe lagoon 80.19 10.17 2.96 0.03 0.02 0.01 0.03 0.9 0.06 0.01 94.38 

8 Epe/st/3a Epe lagoon 96.87 0.86 0.51 0.01 0.01 0.01 0.06 0.05 0.01 0.01 98.40 

9 Epe/st/5b Epe lagoon 98.87 0.71 0.04 0.01 0.01 0.03 0.04 0.05 0.01 0.01 99.78 

10 Epe/st/7b Epe lagoon 94.35 2.56 0.05 0.05 0.06 0.01 0.05 0.84 0.02 0.01 98.0 

11 Epe/st/3b Epe lagoon 97.46 0.86 0.34 0.04 0.05 0.01 0.04 0.74 0.01 0.01 99.56 

12 Epe/st/9a Epe lagoon 96.65 1.7 0.29 0.01 0.02 0.03 0.08 0.12 0.01 0.01 98.92 

13 Epe/st/9b Epe lagoon 97.62 0.87 0.11 0.01 0.01 0.02 0.04 0.12 0.01 0.01 98.82 

14 Epe/st/5a Epe lagoon 97.77 0.87 0.1 0.01 0.02 0.01 0.04 0.12 0.01 0.01 98.96 

15 Epe/st/2a Epe lagoon 97.30 1.05 0.22 0.02 0.03 0.03 0.04 0.25 0.01 0.01 98.96 

16 Epe/st/8a Epe lagoon 96.40 1.75 0.27 0.04 0.30 0.03 0.09 0.43 0.06 0.45 99.82 

17 Epe/st/6a Epe lagoon 93.36 1.83 0.67 0.04 0.42 0.08 0.91 0.58 0.21 0.08 98.18 

18 Epe/st/6b Epe lagoon 94.97 2.41 0.40 0.11 0.07 0.02 0.05 0.01 0.22 0.04 98.30 

19 Epe/st/10b Epe lagoon 92.70 4.20 0.59 0.05 0.07 0.05 0.30 0.35 0.33 0.07 98.71 

 

Table 4: Summary of major oxide composition of the Epe-lagoon sediments 

Oxides Range (%) Mean (N=19) Standard 

Error 

Standard 

Deviation 

Variance 

SiO2 52.99-98.87 90.46 2.97 12.93 167.20 

Al2O3 0.71-35.46 5.92 2.30 10.01 100.26 

Fe2O3 0.04-2.96 0.58 0.16 0.72 0.52 

MgO 0.01-0.11 0.03 0.006 0.03 0.001 

CaO 0.01-0.42 0.099 0.04 0.18 0.033 

Na2O 0.01-0.08 0.026 0.004 0.02 0.000 

K2O 0.03-0.91 0.13 0.048 0.20 0.043 

TiO2 0.01-4.56 0.76 0.28 1.20 1.45 

P2O5 0.01-0.33 0.07 0.021 0.09 0.008 

MnO 0.01-0.45 0.04 0.23 0.10 0.010 
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Table 5: Major element ratios for sediments of the Epe lagoon, Eastern Dahomey basin, Nigeria 

S/NO SAMPLE SiO2/Al2O3 Fe2O3/K2O Na2O+CaO Al2O3/(Na2O+CaO) Fe2O3+MgO Al2O3/(Fe2O3+MgO) 

1 Epe/st/1b 2.01 4.33 0.06 505 1.5 20.2 

2 Epe/st/10a 7.10 2.19 0.06 192 0.39 29.54 

3 Epe/st/7a 1.49 9.12 0.03 1182 1.6 22.16 

4 Epe/st/4b 95.40 6.25 0.07 14.57 0.27 3.78 

5 Epe/st/1a 138.55 1 0.07 10.14 0.05 14.2 

6 Epe/st/4a 26.08 26.67 0.03 118.67 0.82 4.34 

7 Epe/st/8b 7.89 98.67 0.03 339 2.99 3.40 

8 Epe/st/3a 112.64 8.5 0.02 43 0.52 1.65 

9 Epe/st/5b 139.25 1 0.04 17.75 0.05 14.2 

10 Epe/st/7b 36.86 1 0.07 36.57 0.1 25.6 

11 Epe/st/3b 113.33 8.5 0.06 14.33 0.38 2.26 

12 Epe/st/9a 56.86 3.63 0.05 34 0.3 5.67 

13 Epe/st/9b 112.21 2.75 0.03 29 0.12 7.25 

14 Epe/st/5a 112.38 2.5 0.03 29 0.11 7.91 

15 Epe/st/2a 92.67 5.5 0.06 17.5 0.24 4.38 

16 Epe/st/8a 55.09 3 0.33 5.30 0.31 5.65 

17 Epe/st/6a 51.02 0.74 0.5 3.66 0.71 2.58 

18 Epe/st/6b 39.41 8 0.09 26.78 0.51 4.73 

19 Epe/st/10b 22.07 1.97 0.75 5.6 0.64 6.56 

 

 

Table 6: Major element ratios for Epe lagoon sediments 

S/NO SAMPLE K2O/Al2O3 TiO2/Al2O3 K2O+CaO+MgO Fe2O3+MgO Al2O3/SiO2 

1 Epe/st/1b 0.011 0.11 0.44 1.5 0.498 

2 Epe/st/10a 0.014 0.11 0.23 0.39 0.141 

3 Epe/st/7a 0.005 0.13 0.24 1.6 0.669 

4 Epe/st/4b 0.039 0.25 0.09 0.27 0.010 

5 Epe/st/1a 0.056 0.08 0.08 0.05 0.007 

6 Epe/st/4a 0.008 0.09 0.06 0.82 0.038 

7 Epe/st/8b 0.003 0.09 0.08 2.99 0.127 

8 Epe/st/3a 0.070 0.06 0.08 0.52 0.009 

9 Epe/st/5b 0.056 0.07 0.06 0.05 0.007 

10 Epe/st/7b 0.020 0.33 0.16 0.1 0.027 

11 Epe/st/3b 0.047 0.86 0.13 0.38 0.009 

12 Epe/st/9a 0.047 0.07 0.11 0.3 0.018 

13 Epe/st/9b 0.046 0.14 0.06 0.12 0.009 

14 Epe/st/5a 0.046 0.14 0.07 0.11 0.009 

15 Epe/st/2a 0.038 0.24 0.09 0.24 0.011 

16 Epe/st/8a 0.051 0.25 0.43 0.31 0.018 

17 Epe/st/6a 0.050 0.32 1.37 0.71 0.020 

18 Epe/st/6b 0.021 0.004 0.23 0.51 0.025 

19 Epe/st/10b 0.071 0.08 1.05 0.64 0.045 
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Classification of the Epe lagoon sediments  

Standard plot of Herron (1988) using log (Fe2O3/K2O) against 

log (SiO2/Al2O3) which is the modified version of Pettijohn et.al, 

(1972) was employed to classify the sediments of the Epe 

lagoon. However, it was observed that about one-third of the 

sediments plotted within the quartz arenite region which is an 

indication of quartz enrichment and a confirmation of the high 

SiO2 values recorded from the major element geochemistry 

results (Table 3). However, a notable fraction of the sediments 

also plotted within the Sublitharenite and Subarkose region 

indicating a change in the level of sediment maturity. Minor 

fractions of the Epe lagoon sediments also plotted randomly 

within the Fe-shale, Fe-sand, shale and wacke regions (Fig. 4). 

 

Paleo-Weathering Indices and Maturity  

The Chemical Index of Alteration (CIA) and the Plagioclase 

Index of Alteration (PIA) are the most widely used indices for 

quantitative estimation of the degree of chemical weathering 

undergone by rocks of the provenance area of clastic sediments 

(Fedo et.al, 1995). CIA records the alkali, and alkali earth 

elements (Nesbitt and Young, 1982); this is because alteration of 

igneous rocks during weathering results in depletion of alkali and 

alkaline earth elements and preferential enrichment of Al2O3 in 

sediments. Some other indices which may also be used include 

Chemical Indices of Weathering (CIW) (Harnois, 1988). 

Summary of CIA, PIA and PIW values are shown in Table 7.  

CIA = 100{Al2O3/(Al2O3+CaO+Na2O+K2O)} 

PIA = 100{(Al2O3-K2O)/(Al2O3+CaO+Na2O-K2O)} 

CIW = 100{Al2O3/(Al2O3+CaO+Na2O)} 

Nesbitt and young (1982) suggested that high values (76-100) 

indicate intensive chemical weathering at the source areas while 

low values (50 or less) indicate unweathered source areas. 

Furthermore, Osae et.al, (2006) also suggested that high CIA and 

PIA values (75-100) indicate intensive weathering in the source 

area whereas low values (<60) indicates low weathering in 

source area. Generally, the sediments of the Epe lagoon has CIA, 

PIA and CIW values ranging from (56.48-99.44, 64.79-99.92, 

and 78.54-99.92) with an average of (90.44, 93.53, and 94.47) 

respectively (Table 7). This results indicates high weathering at 

source areas as suggested by Nesbitt and young (1982) and Osae 

et.al, (2006). Also the CIA values were plotted in the (A-CN-K) 

diagram (Fig. 5), in the diagram the sediments plotted mostly 

within the kaolinite-chlorite and illite region. The fact that the 

samples did not plot very close to the plagioclase and K-feldspar 

line confirms also that the Epe lagoon sediments have undergone 

high (intensive) weathering at the source area.  

 

Depositional Environment of the Epe lagoon sediments 

The depositional environment of  the Epe lagoon sediments was 

obtained using the ternary plots of Englung and Jorgensen (1973) 

which was done on the basis of the (Al2O3)-(K2O+Na2O+CaO)-

(Fe2O3+MgO) contents. As observed from the plots, most of the 

sediments deposited within the continental zone and are 

argillaceous (Fig. 6). However, there is a fairly gradual transition 

of some of the sediments from the continental environments into 

the transitional environment. More so, some of the sediments 

within the continental zone also plotted within the region of 

ferruginous argillites.  
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Fig. 4: Classification of Epe lagoon sediments (modified after Herron, 1988) 
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Fig. 5: CIA ternary diagram (Al2O3)-(CaO+Na2O)-(K2O) for the Epe lagoon sediments (after Nesbitt and young, 1982) 
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S/N SAMPLE NUMBER CIA PIA CIW 

1 Epe/st/1b 98.73 99.80 99.80 

2 Epe/st/10a 98.13 99.47 99.48 

3 Epe/st/7a 99.44 99.92 99.92 

4 Epe/st/4b 90.27 93.33 93.58 

5 Epe/st/1a 86.59 90.54 91.03 

6 Epe/st/4a 98.34 99.16 99.16 

7 Epe/st/8b 99.41 99.71 99.71 

8 Epe/st/3a 91.49 97.56 97.73 

9 Epe/st/5b 89.87 94.37 94.67 

10 Epe/st/7b 95.52 97.29 97.34 

11 Epe/st/3b 89.58 93.18 93.48 

12 Epe/st/9a 92.90 97.01 97.14 

13 Epe/st/9b 92.55 96.51 96.67 

14 Epe/st/5a 92.55 96.51 96.67 

15 Epe/st/2a 91.30 94.39 94.59 

16 Epe/st/8a 80.65 83.42 84.13 

17 Epe/st/6a 56.48 64.79 78.54 

18 Epe/st/6b 94.51 96.33 96.40 

19 Epe/st/10b 80.0 83.87 84.85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Al2O3-(K2O+CaO+MgO)-(Fe2O3+MgO) {AKF} Ternary plot for Epe lagoon sediments (after Englung and Jorgensen, 1973)  

 

 

 

 
Table 7: CIA, PIA and CIW values for sediments of the Epe lagoon 
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1 = Argillaceous 

2 = Carboniferous argillites 

3 = Carboniferous 

4 = Carboniferous ferrite 

5 = Ferruginous 

6 = Ferruginous argillites 

LEGEND 

CZ = CONTINENTAL ZONE 

TZ = TRANSITIONAL ZONE 

MZ = MARINE ZONE 
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IV CONCLUSION 

The inorganic geochemical analysis of the Epe lagoon revealed 

that SiO2 is the dominant oxide, followed by Al2O3 and Fe2O3 

which constitutes over 90% of the total oxides. Others are MgO, 

CaO, Na2O, K2O, TiO2 and P2O5. The SiO2/Al2O3 ratios for the 

sediments were appreciably high indicating that the sediments 

have been heavily weathered and transported; this is also 

corroborated by the enrichment of quartz and depletion feldspar 

in most of the samples. The fairly high K2O/Na2O ratios may be 

attributed to the presence of plagioclase within the sediments. 

From the major element geochemistry, the application of source 

area weathering using CIA, CIW and PIA with mean values of 

90.44, 93.53 and 94.47 respectively indicates that the sediments 

of the Epe lagoon have been subjected to intense weathering at 

the source area as well as high levels of chemical weathering and 

transportation. In the A-CN-K diagram the sediments of the Epe 

lagoon plotted mostly within the kaolinite-chlorite and illite 

region; also an indication of high weathering at the source. 

The use of heron’s model classified the sediments as mainly 

quartz arenite. However, a notable fraction of the sediments were 

also as Sublitharenite and Subarkose with very minor fractions 

classified as Fe-shale, Fe-sand and Wacke. AKF ternary plots 

revealed that the sediments were deposited mainly in continental 

environment and dominated by argillaceous materials with some 

ferruginous argillites, although some fractions of the sediments 

were also found to have been transported from the continental 

environment to the transition zone.  

 

V. APPENDIX 

INORGANIC GEOCHEMISTRY 

Determination of Major element abundances using the 

Atomic Absorption Spectrophotometry (AAS) Method 

Atomic absorption spectrophotometry is based upon the 

observation that atoms of an element can absorb electromagnetic 

radiation. This occurs when the element is atomized and the 

wavelength of light absorbed is specific to each element. Thus, 

the atomic absorption spectrophotometer comprises an atomizing 

device, during the atomization of a sample in a beam of light, as 

a consequence of atomic absorption, can be calibrated and is 

sensitive at the ppm level. Each sample was first pulverized and 

0.5gram digested with a mixture of prepared solution of Nitric 

acid and Hydrochloric acid (ratio 1:3); also known as Aqua regia 

solution. The sample was stirred and heated inside a fume 

cupboard. The digested sample was diluted with distilled water 

and made up to 20ml mark.  About 1ml was taken from the 

solution and further diluted with distilled water to 10ml mark, 

which represents the stock solution, x 10-dilution factor. The 

major elements Si, Al, Fe, Mn, Mg, Ca, Na, K and Ti were then 

determined from the digested samples using a Perkin Elmer 400 

atomic absorption spectrophotometer. These elements were 

further converted from ppm level to their respective oxides in 

percentage. The AAS is a widely used technique and 

comparatively cheap. However, there are two limitations to the 

routine use of AAS in silicate analysis. Firstly, the sample must 

be prepared as a solution, and secondly it is element-specific, i.e. 

one element can usually be analyzed at a time, although this 

latter limitation has in part been overcome by fitting instruments 

with multiple-turret lamp holders.  
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