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Abstract  
Preliminary geochemical assessment of Asa river sediments has been carried out with the 

aim of evaluating the concentrations, extent of contamination and possible sources of metals 

in the sediments using XRF and ICP-MS techniques. Geochemical results of major oxides 

show that SiO2 has the highest value (range=72.4 to 94.1%; average=85.66%), others ranged 

from 0.01% in Cr2O3, P2O5 and MnO2 to 11.6 % in Al2O3. Enrichment of the major oxides 

according to UCC, PAAS and NASC shows that only SiO2 is highly enriched in the 

sediments (1.3, 1.36 and 1.32 respectively) while others have values less than 1 (that is they 

are depleted in the sediments). Weathering indication parameters indicate some degree of 

intensive weathering. Ba, Sr and Zr have the highest average concentrations (1043, 138 and 

1155ppm respectively) above other trace elements. Ba, Hf and Zr are highly enriched in the 

sediments (2.09; 1.9), (15.13; 4.7), (7.22;6.08) according to ASC and UCC average values 

respectively, while the rest are depleted with values <1. Ce has the highest average value of 

29.08ppm above other rare earth elements. Ce may be sourced from glauconites. Tm has the 

lowest average value (0.18ppm). Rare earth elements show enrichment values <1, meaning 

that they are depleted in the sediments. Metals/elements ranged from low contamination 

factor to very high contamination factor, low degree of contamination to very high degree of 

contamination and the geo-accumulation index ranged from practically no contamination to 

moderately contaminated. Contamination Factors revealed the influence of both 

anthropogenic and geogenic on the metal concentrations in the sediments. 

Keywords:  Geochemistry, Asa River Sediments, Enrichment, Contamination Factor, 

Weathering Indications 

Introduction 
River sediments are transported from 

distant and nearby geological terrains, 

having information of different 

geological formations. These sediments 

are constantly undergoing stages of 

weathering thereby losing some of their 

minerals into the water phase. In some 

cases, the sediments serve as sinks for 

heavy metals derived from various 

anthropogenic activities around the 

vicinity of the river thereby increasing 

the concentrations of metals in the 

sediments (Tijani et al., 2007). The 

pollution of sediments as a result of 

industrial wastes and other wastes is one 

of the problems faced by the developed 

as well as developing nations. 

Contamination by potentially toxic 

elements in the environment is one of the 

main problems for human health and 

environment quality because these 

elements are indestructible and most of 

them have toxic effects on live organisms 

when they exceed certain level. River 

sediment contamination also takes place 

when toxic chemicals are released into 

the public drainage system or disposal of 

effluents by various industries. Some of 

these elements are not bio-degradable 

and their presence in streams, lakes, river 

etc., causes bio-accumulation in living 

organism leading to chronic health 

problems in animals, plants and human 

beings. These metals/elements are 
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released into the river system by natural 

and anthropogenic sources.  

Asa river water serves Ilorin metropolis 

and its environs potable water supply 

despite various industrial and agricultural 

practices in the area. There is the need to 

assess the levels of various ions in the 

sediments so as to know the fate of the 

sediments and the water for the said 

purpose. 

Materials and Methods 

Samples Preparation and Laboratory 

Analysis 

A total of 12 sediment samples were 

collected from Asa River using random 

sampling methods because of 

inaccessibility of certain part of the river 

(Figure 1). 5 samples out of the 12 were 

subjected to geochemical analysis. The 

samples were sun dried in an open air. 

The samples were also pulverized in the 

department of Geology and mineral 

sciences, University of Ilorin, Nigeria 

and later sent to ACME laboratory, 

Canada for geochemical analysis using 

XRF and ICP-MS for major oxides and 

trace/rare earth elements determination 

respectively.  
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Figure 1: Location map of the study area showing sampling points 

Data Evaluation  

Assessment of Metal Contamination in 

Sediments  

For the assessment and quantification of 

the level of contamination in the 

sediments the following quantitative 

contamination indices were adopted to 

illustrate the concentration trends and 

also to allow easy comparison among the 

measured parameters:  

Contamination Factor (CF):  This is the 

single index determined by the relation: 

CF=CM/BM  (CF= contamination 

factor of the element of 

interest; 

BM=background 

concentration in this 

study; CM= 

concentration of the 

element in the sample). 

Contamination factor 

has four categories 

which include: < 1 low 

contamination factor; 

3-6= considerable 

contamination factor; > 

6= very high 

contamination factor 

(Atiemo et al., 2011). 

Degree of Contamination (Cdeg): This is 

the sum of all the contamination factors 

in the sample. It is indicated as:  C deg 

=∑ (CM/BM)  

(CM=measured concentration in 

soil/sediment or water; BM=local 

background concentration of metal, m 

within the pristine area of the catchment). 

Four categories have been defined for the 

degree of contamination which includes: 

< 8 = low degree of contamination; 8 – 

16 = considerable degree of 

contamination; > 32 = very high degree 

of contamination (Atiemo et al., 2011). 

Index of Geo-Accumulation (Igeo): 

This is widely used in the assessment of 

contamination by comparing the level of 

trace metal obtained to a background 

levels originally used with bottom 

sediments (Muller, 1979) which can also 

be adopted to soil/sediment 

contamination (Tijani et al., 2007; 

Omotoso and Ojo, 2011). It is calculated 

by: 

Igeo =log2 [(Cm)/ (1.5*Bm)]  Cm= 

measured concentration of metal 

in soil/sediment or water; Bm = 

local background concentration 

(value) of metal, m within the 

pristine area of the catchment. 

1.5 is a factor for possible 

variation in the background 

concentration due to lithologic 

differences. The following 

classification is given for geo-

accumulation index (Huu et al., 

2010; Muller, 1979): <0 = 

practically unpolluted, 0-1 = 

unpolluted to moderately 

polluted, 1-2 = moderately 

polluted, 2-3= moderately to 

strongly polluted, 3-4 = strongly 

polluted, 4-5 = strongly to 

extremely polluted and > = 

extremely polluted. 

 

Weathering Indications 

The weathering history of the sources of 

the sediments were determined through 

estimation of the chemical weathering of 

silicates such as the computed values of 

Chemical Index of Alteration (CIA), 

Plagioclase Index of Alteration (PIA) and 

Chemical Index of Weathering (CIW) 

(Nesbitt and Young, 1982; Fedo et al., 

1995)). 

Where,  

CIA = Al2O3/ (Al2O3+CaO*+Na2O+K2O) 

x 100;  

PIA=(Al2O3-K2O)/(Al2O3+CaO*+Na2O-

K2O) x100; and 

CIW = Al2O3/ (Al2O3+CaO*+Na2O) 

x100, in molecular proportions. 

 

Results and Discussion 
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Geochemistry of the Major Oxides:  

The bulk geochemical results of the 

sediment samples, their weathering 

indications, and enrichment are presented 

in Table 1. The analysed value of SiO2 in 

the sediments ranged from 72.4 % in 

ASA-11 to 98.1 % in ASA-3 

(Average=85.66 %), Al2O3 ranged from 

2.82 % in ASA-3 to 11.6 % in ASA-11 

(average=5.6 %); Fe2O3 ranged from 0.9 

% in ASA-3 to 5.11 % in ASA-10 

(average=2.59 %); CaO ranged from 0.12 

% in ASA-5 to 1.79 % in ASA-11 

(average=0.77 %); MgO ranged from 

0.05 % in ASA-3 to 0.14 % in ASA-10 

(average=0.09 %); Na2O ranged from 

0.21 % in ASA-5 to 1.74 % in ASA-11 

(average=0.78 %); K2O ranged from 0.75 

% in ASA-3 to 4.78 % in ASA-11 

(average=1.91 %); MnO ranged from 

<0.01 % in ASA-5 to 0.09 % in ASA-11 

(average=0.05 %); TiO2 ranged from 

0.07 % in ASA-3 to 0.71 % in ASA-10 

(average=0.3 %) and P2O5 ranged from 

0.01 % in ASA-3 and ASA-5 to 0.06 % 

in ASA-10 and ASA-11 (average=0.03 

%). P2O5 and MnO are strongly deleted 

in the samples.  

 

Table 1: major oxides (in %) in the investigated sediments, their weathering indication 

indexes and enrichment based on UCC, PAAS and NASC average values 

 

The relatively high ratio values of 

K2O/Na2O (range=0.9 to 7.2; 

average=3.7) of the sediments are 

attributed to the common presence of K-

bearing minerals such as K-feldspar and 

some micas (McLennan et al., 1983; 

Nath et al., 2000; Zhang, 2004; Osae et 

al., 2006). A strong positive correlation 

coefficient (r=0.83) between K2O and 

Al2O3 implies that the concentration of 

the K-bearing minerals has significance 

influence on Al distributions and suggest 

that the relative abundance of these 

elements is primarily controlled by the 

content of clay minerals (McLennan et 

al., 1983; Chris et al., 2013). Based on 

these ratios, some of the sediment 

samples can be chemically classified as 

sub-arkose and sub-litharenites. These 

conclusions are further supported by low 

Al2O3/SiO2 ratio (range= 0.03 to 0.16; 

average=0.07) which further assist in 

classifying some of the samples as being 

quartz arenites (Pettijohn et al., 1987, 

Chris et al., 2013).  

The enrichment of the major oxides is 

calculated as a ratio of the respective 

oxides value to that of the UCC, PAAS 

and NASC average values. Based on 

Major Oxides ASA-3 ASA-5 ASA-6 ASA-10 ASA-11 Average Min Max Stdev
Enrichment

(UCC)

Enrichment 

(PAAS)

Enrichment 

(NASC)

SiO2 94.1 91.7 91.9 78.2 72.4 85.66 72.40 94.10 9.72 1.30 1.36 1.32

Al2O3 2.82 3.02 3.01 7.54 11.6 5.60 2.82 11.60 3.90 0.37 0.30 0.33

Fe2O3 0.9 1.1 1.33 5.11 4.52 2.59 0.90 5.11 2.05 0.52 0.36 0.45

CaO 0.31 0.12 0.14 1.47 1.79 0.77 0.12 1.79 0.80 0.18 0.59 0.22

MgO 0.05 0.06 0.06 0.14 0.12 0.09 0.05 0.14 0.04 0.04 0.04 0.03

Na2O 0.53 0.21 0.23 1.19 1.74 0.78 0.21 1.74 0.67 0.65 0.66 0.69

K2O 0.75 1.51 1.43 1.06 4.78 1.91 0.75 4.78 1.64 0.52 0.52 0.48

MnO 0.01 <0.01 0.01 0.07 0.09 0.05 0.01 0.09 0.04 ND 0.35 -

TiO2 0.07 0.15 0.13 0.71 0.46 0.30 0.07 0.71 0.27 0.61 0.31 0.38

P2O5 0.01 0.01 0.02 0.06 0.06 0.03 0.01 0.06 0.03 0.20 0.20 0.21

Cr2O3 <0.01 <0.01 <0.01 0.01 <0.01 0.01 0.01 0.01 - - - -

Ba 0.02 0.07 0.07 0.08 0.3 0.11 0.02 0.30 0.11

LOI 0.4 0.8 1.1 4 1.6 1.58 0.40 4.00 1.42

SUM 99.96 98.73 99.43 99.69 99.5 99.46 98.73 99.96 0.46

CIA 64 62 63 67 58 63 58 67 3

PIA 71 82 81 71 66 74 66 82 7

CIW 77 90 89 74 77 81 74 90 8

SiO2/Al2O3 33.37 30.36 30.53 10.37 6.24 22.18 6.24 33.37 12.80

K2O/Na2O 1.42 7.19 6.22 0.89 2.75 3.69 0.89 7.19 2.85

Al2O3/SiO2 0.03 0.03 0.03 0.10 0.16 0.07 0.03 0.16 0.06

K2O/Al2O3 0.27 0.50 0.48 0.14 0.41 0.34 0.14 0.14 0.14
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UCC, PAAS and NASC, SiO2 has 

enrichment values of 1.3, 1.36 and 1.32 

respectively indicating their level of 

abundance relative to earth crust 

composition. However, all the other 

major oxides have enrichment less than 

1, indicating their depletion relative to 

the earth crust composition. The 

depletion in the enrichment values of 

Na2O, MnO and CaO indicates that the 

sediments have suffered from intensive 

weathering and recycling (Joo and Baib, 

2005; Jin et al., 2006; Akarish and El-

Gohary, 2011). Ca, Na and K ions 

concentrations are being controlled by 

feldspars and they have been depleted in 

the analyzed sediment samples. This 

suggests that the minerals containing 

these oxides have undergone weathering 

and dissolution into the surrounding 

water phase. This also implies the 

destruction of plagioclase as a result of 

chemical weathering in the source or 

during transportation of the sediments 

samples from the source. 

The correlation matrix of the major 

oxides is presented in Table 2. SiO2 has a 

strong negative correlation with Al2O3 

content (r = -0.98) connoting that much 

of SiO2 is present as quartz grains. More 

so, SiO2 has strong negative correlation 

with all the other oxides indicating its 

recrystallization. Al2O3 has strong 

positive correlation with all the other 

oxides indicating their source from 

aluminosilicate minerals (Jin et al., 

2006). Low average value obtained for 

Al2O3/SiO2 confirms quartz enrichment 

in the studied sediment samples. The 

average value obtained for K2O/Al2O3 

(0.34) confirms the weathering of 

plagioclase minerals from the sediments 

and this must have been gained on the 

water phase in the area (Akarish and El-

Gohary, 2011).  

 

Table 2: Correlation matrix of major oxides in Asa River Sediments 

 
 

Geochemistry of the Trace Elements 

Out of the trace elements analyzed, the 

following are above detection limits: Ba, 

Co, Cs, Ga, Hf, Nb, Rb, Sr, Ta, Th, U, V, 

W, Zr, Mo, Cu, Pb, Zn and Ni. The result 

of the trace elements analyzed in 

sediments of the study area and their 

descriptive statistical summary is 

presented in Table 3.  Figure 2 also 

present the ASC-UCC normalized 

averages of the trace element 

concentrations in the sediments.  

 

 

 

 

 

 

Major Oxides SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO TiO2 P2O5

SiO2 1.00

Al2O3 -0.98 1.00

Fe2O3 -0.95 0.89 1.00

CaO -0.98 0.97 0.96 1.00

MgO -0.93 0.85 1.00 0.93 1.00

Na2O -0.95 0.97 0.89 0.98 0.85 1.00

K2O -0.74 0.83 0.49 0.66 0.43 0.73 1.00

MnO -1.00 0.98 0.95 1.00 0.92 0.97 0.71 1.00

TiO2 -0.86 0.76 0.97 0.87 0.99 0.77 0.29 0.85 1.00

P2O5 -0.97 0.92 0.99 0.97 0.98 0.91 0.57 0.97 0.93 1.00
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Table 3: Geochemical results of the trace elements in the analyzed sediment samples and 

their enrichment based on ASE and UCC average values 

 

 

 
 Figure 2: ASC, UCC-normalized averages of trace element concentrations for Asa River 

sediments (after Taylor and McLennan, 1985) 

 

Trace 

Element

s

Unit MDL ASA-3 ASA-5 ASA-6 ASA-10 ASA-11 average Min Max
ASE, 

ppm
UCC

enrichmen

t (ASC)

enrichm

ent 

(UCC)

Ba PPM 1 237 710 620 825 2825 1043.40 237.00 2825.00 500.00 550.00 2.09 1.90

Be PPM 1 <1 <1 <1 <1 1 1.00 1.00 1.00 3.00 3.00 0.33 0.33

Co PPM 0.2 2.5 1.6 1.7 8.7 3 3.50 1.60 8.70 19.00 10.00 0.18 0.35

Cs PPM 0.1 0.4 0.3 0.3 0.3 0.3 0.32 0.30 0.40 5.00 3.50 0.06 0.09

Ga PPM 0.5 5.4 3 3.4 9.5 19.2 8.10 3.00 19.20 19.00 17.00 0.43 0.48

Hf PPM 0.1 1.7 23.8 21.9 50.5 38.3 27.24 1.70 50.50 1.80 5.80 15.13 4.70

Nb PPM 0.1 1.3 2.2 3 8.7 20.1 7.06 1.30 20.10 11.00 25.00 0.64 0.28

Rb PPM 0.1 20.1 26.9 26.5 21 90.3 36.96 20.10 90.30 140.00 112.00 0.26 0.33

Sn PPM 1 <1 <1 <1 4 <1 4.00 4.00 4.00 6.00 5.50 0.67 0.73

Sr PPM 0.5 55.4 66.1 67.4 232.7 267.4 137.80 55.40 267.40 300.00 350.00 0.46 0.39

Ta PPM 0.1 0.1 0.2 0.3 0.6 1 0.44 0.10 1.00 0.80 2.20 0.55 0.20

Th PPM 0.2 1.1 2.6 3.1 4.6 1.5 2.58 1.10 4.60 ND - - -

U PPM 0.1 0.3 1.3 1.4 1.4 0.6 1.00 0.30 1.40 3.70 2.80 0.27 0.36

V PPM 8 9 15 23 67 8 24.40 8.00 67.00 130.00 60.00 0.19 0.41

W PPM 0.5 1 <0.5 2.6 1.3 1.8 1.68 1.00 2.60 - 2.00 - 0.84

Zr PPM 0.1 62.1 959.7 876.5 2182.5 1691.9 1154.54 62.10 2182.50 160.00 190.00 7.22 6.08

Mo PPM 0.1 0.4 0.4 0.5 1.1 0.5 0.58 0.40 1.10 2.60 - 0.22 -

Cu PPM 0.1 5.8 5.2 6.6 15.7 8 8.26 5.20 15.70 45.00 25.00 0.18 0.33

Pb PPM 0.1 2 2.3 4.3 9 5.1 4.54 2.00 9.00 - 20.00 - 0.23

Zn PPM 1 3 3 3 17 30 11.20 3.00 30.00 95.00 71.00 0.12 0.16

Ni PPM 0.1 2.6 2.1 2.4 11.5 2.1 4.14 2.10 11.50 68.00 20.00 0.06 0.21

As PPM 0.5 <0.5 <0.5 <0.5 6.9 <0.5 6.90 6.90 6.90 13.00 - 0.53 -

Cd PPM 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - 0.00 0.00 0.30 - - -

Sb PPM 0.1 <0.1 <0.1 <0.1 0.1 <0.1 0.10 0.10 0.10 1.50 - 0.07 -

Bi PPM 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - 0.00 0.00 - - - -

Ag PPM 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - 0.00 0.00 0.07 - - -

Au PPB 0.5 <0.5 <0.5 <0.5 0.6 <0.5 0.60 0.60 0.60 0.40 - 1.50 -

Hg PPM 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - 0.00 0.00 1.40 - - -

Tl PPM 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - 0.00 0.00 20.00 - - -

Se PPM 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - 0.00 0.00 0.60 - - -
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The trace elements have positive 

correlation with Al2O3 reflecting 

association of most elements with clay 

fraction with an exception of Cs having 

negative correlation (r=-0.40)- Akarish 

and El-Gohary, 2011. The transition 

metals Co, Ni and V ranged from 1.6 to 

8.7 ppm (average= 3.5 ppm), 2.1 to 11.5 

ppm (average=4.14 ppm) and 8 to 67 

ppm (average=24.4 ppm). It has been 

reported that these transition metals are 

mainly concentrated in the clays or metal 

oxides (Turekian and Michael, 1960; 

Akarish and El-Gohary, 2011). Positive 

correlation of Co, Ni, Zn and Cu with 

Fe2O3 (r=0.78, 0.67,0.88 and 0.83) 

respectively and Al2O3 (r=0.42, 0.25, 

1.00 and 0.48) respectively also connotes 

that these elements are linked with iron 

oxides and probably with clay minerals. 

The average concentration of each trace 

metal was compared with UCC and ASC 

to determine the extent of enrichment of 

the sediments. The enrichment was 

calculated by the ratio of individual 

element concentration in the analyzed 

sediments to UCC average of equivalent 

metal. The concentrations of Ba, Rb, Sr 

and Zr are relatively higher than the other 

metals. Their respective average 

concentrations are: 1043, 37, 138 and 

1155 ppm. By comparing the trace 

metals/elements average concentrations 

with UCC and ASC, it is observed that 

Ba, Hf and Zr are significantly enriched 

in the sediments of Asa River sediments 

because their respective enrichment 

values are greater one.  Others are having 

enrichment values less than one 

(depleted). Depletions of these metals 

could reflect intensive chemical 

weathering and recycling. Relatively high 

value of Sr (range=55.4 to 267.4 ppm; 

average=137.8) suggests the presence of 

calcic plagioclase in the sediments 

(Akarish and El-Gohary, 2011). Almost 

all the trace elements correlate positively 

with Al2O3 which is a good indication of 

aluminosilicate minerals association. 

Geochemistry of Rare Earth Elements 

Table 4 presents the geochemical results 

and the statistical summary of the rare 

earth elements in the studied sediments 

and their comparisons with UCC 

(Average Upper Continental Crust) and 

ASC (Average Shale Concentration) 

average concentrations (Taylor and 

McLennan, 1985). Tables 5 and 6 also 

present the correlation matrixes of the 

rare earth elements with some of the 

major oxides of the studied sediments. 

The relatively high concentrations of Ce 

in the sediments may be from the 

formation of glauconites (Jarrar et al., 

2000). All the enrichment values 

computed for the rare earth elements are 

less than one depicting depletion of 

metals in the sediments phase. The 

depletion is as a result of intensive 

chemical weathering of the sediment 

overtime. All the rare earth elements 

have strong positive correlation with 

Al2O3 indicating that the source of the 

elements is from aluminosilicate 

minerals. Consequently, the good 

correlation of the rare earth elements with 

Al2O3 also indicates that the rare earth 

elements are mostly concentrated in the 

clay fraction (Talyor and McLennan, 

1985). 
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Table 4: Geochemical results of the rare earth elements of Asa River sediments and their 

enrichment based on ASE and UCC average values 

 

 

 

Table 5: correlation matrix between the rare earth elements in Asa river sediments 

 

 

 

Table 6: correlation matrix between some rare earth elements and the major oxides in the 

studied sediments 

 

 

 

Rare 

Earth 

Element

s

Unit MDL ASA-3 ASA-5 ASA-6 ASA-10 ASA-11 average Min Max
ASE, 

ppm
UCC

enrichmen

t (ASC)

enrichm

ent 

(UCC)

Y PPM 0.1 3.4 5.9 6.1 13.5 20.2 9.82 3.40 20.20 26.00 22.00 0.38 0.45

La PPM 0.1 5 5.3 6.5 18.9 27.3 12.60 5.00 27.30 92.00 30.00 0.14 0.42

Ce PPM 0.1 12.9 10.9 12.8 53.5 55.3 29.08 10.90 55.30 59.00 64.00 0.49 0.45

Pr PPM 0.02 1.1 1.22 1.54 4.58 6.64 3.02 1.10 6.64 5.60 7.10 0.54 0.42

Nd PPM 0.3 3.9 4.4 5.7 17.9 27.3 11.84 3.90 27.30 24.00 26.00 0.49 0.46

Sm PPM 0.05 0.65 0.78 0.99 2.91 5.19 2.10 0.65 5.19 6.40 4.50 0.33 0.47

Eu PPM 0.02 0.19 0.2 0.27 0.86 1.77 0.66 0.19 1.77 1.00 0.88 0.66 0.75

Gd PPM 0.05 0.65 0.81 0.97 2.57 4.59 1.92 0.65 4.59 6.40 3.80 0.30 0.50

Tb PPM 0.01 0.1 0.14 0.15 0.37 0.66 0.28 0.10 0.66 1.00 0.64 0.28 0.44

Dy PPM 0.05 0.57 0.87 0.9 2.11 3.83 1.66 0.57 3.83 4.60 3.50 0.36 0.47

Ho PPM 0.02 0.13 0.22 0.21 0.48 0.83 0.37 0.13 0.83 1.20 0.80 0.31 0.47

Er PPM 0.03 0.38 0.77 0.68 1.63 2.42 1.18 0.38 2.42 2.50 2.30 0.47 0.51

Tm PPM 0.01 0.05 0.13 0.12 0.26 0.36 0.18 0.05 0.36 0.20 0.33 0.92 0.56

Yb PPM 0.05 0.34 0.96 0.91 2 2.39 1.32 0.34 2.39 2.60 2.20 0.51 0.60

Lu PPM 0.01 0.05 0.18 0.16 0.37 0.42 0.24 0.05 0.42 2.80 0.32 0.08 0.74

Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb

Y 1.00

La 0.99 1.00

Ce 0.93 0.96 1.00

Pr 0.99 1.00 0.96 1.00

Nd 0.99 1.00 0.95 1.00 1.00

Sm 0.99 0.99 0.92 0.99 1.00 1.00

Eu 0.98 0.98 0.89 0.98 0.99 1.00 1.00

Gd 0.99 0.99 0.91 0.99 0.99 1.00 1.00 1.00

Tb 0.99 0.99 0.91 0.99 0.99 1.00 1.00 1.00 1.00

Dy 0.99 0.98 0.90 0.98 0.99 1.00 1.00 1.00 1.00 1.00

Ho 0.99 0.98 0.90 0.98 0.99 1.00 0.99 1.00 1.00 1.00 1.00

Er 1.00 0.99 0.93 0.99 0.99 0.99 0.98 0.99 0.99 0.99 0.99 1.00

Tm 0.99 0.98 0.93 0.98 0.98 0.97 0.96 0.97 0.97 0.97 0.98 1.00 1.00

Yb 0.97 0.96 0.94 0.96 0.96 0.94 0.91 0.94 0.94 0.94 0.95 0.98 0.99 1.00

Y La Ce Pr Nd Sm Eu Gd Al2O3 Fe2O3 CaO MgO Na2O K2O

Y 1.00

La 0.99 1.00

Ce 0.93 0.96 1.00

Pr 0.99 1.00 0.96 1.00

Nd 0.99 1.00 0.95 1.00 1.00

Sm 0.99 0.99 0.92 0.99 1.00 1.00

Eu 0.98 0.98 0.89 0.98 0.99 1.00 1.00

Gd 0.99 0.99 0.91 0.99 0.99 1.00 1.00 1.00

Al2O3 0.99 1.00 0.94 1.00 1.00 1.00 0.99 1.00 1.00

Fe2O3 0.89 0.92 0.99 0.92 0.91 0.86 0.83 0.86 0.89 1.00

CaO 0.95 0.98 0.99 0.98 0.97 0.95 0.93 0.94 0.97 0.96 1.00

MgO 0.86 0.89 0.97 0.89 0.88 0.82 0.78 0.82 0.85 1.00 0.93 1.00

Na2O 0.94 0.97 0.95 0.97 0.97 0.96 0.96 0.96 0.97 0.89 0.98 0.85 1.00

K2O 0.83 0.78 0.58 0.78 0.80 0.85 0.88 0.86 0.83 0.49 0.66 0.43 0.73 1.00
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Weathering indications 

The intensity of weathering in 

siliciclastic soils/sediments can be 

denoted through examination of the 

relationships among alkali and alkaline 

earth elements (Nesbitt and Young, 

1982). Having known that the upper crust 

is dominated by the presence of feldspars 

(Nesbitt and Young, 1982, 1984), the 

dominant process during chemical 

weathering and soil/sediment formation 

is the degradation of mobile feldspars 

from source rocks to secondary clay 

minerals. CIA values, ranging from 58 to 

67 (average, 63) fall within intermediate 

silicate weathering and extreme silicate 

weathering. PIA ranges from 66 to 82 

(average, 74) indicating intermediate to 

extreme silicate weathering and CIW 

ranges from 74 to 90 (average, 81) 

indicating extreme silicate weathering. 

The values of CIA, CIW and PIA 

obtained reflect high weathering 

conditions either in the original terrain or 

during transportation. Furthermore, high 

CIA values, suggest derivation from a 

stable cratonic source (Hossain et al., 

2010; Akarish and El-Gohary, 2011). 

Consequently, the variations in the 

computed CIA, PIA and CIW values may 

be due to the different concentrations of 

alumina in samples rather than variable 

degrees of source area weathering. 

Also, PIA values indicate that the 

plagioclases feldspar in the possible 

parent rock displayed high weathering 

condition and this resulted in low CaO 

content (range, 0.12 to 1.79; average, 

0.77), especially with increasing PIA 

values. This suggests that with increasing 

chemical weathering the sediments/soils 

are steadily depleted in plagioclase and 

enriched in secondary aluminous clay 

minerals (Roy et al., 2008; Akarish and 

El-Gohary, 2011). 

The SiO2/Al2O3 is a commonly employed 

index of sediment maturation in which 

case the values increase because of 

increase of quartz at the expense of less 

resistant components such as feldspar and 

lithic fragments during sediment 

transport and recycling. It has been 

reported that the SiO2/Al2O3 ratio is 

about 3 in basic rocks (basalts and 

Gabbros) and it is around 5 in the acidic 

end member (granites and rahyolites) (Le 

Maitre, 1976; Roser et al., 1996; Akarish 

and El-Gohary, 2011). Ratio more than 5 

or 6 in sedimentary rocks provided 

evidence of sedimentary maturation 

(Roser et al., 1996; Akarish and El-

Gohary, 2011). The average value of 

SiO2/Al2O3 ratio for the studied samples 

is 22 (range=6 to 33), indicating matured 

sediments/soils. 

Assessment of Metal Contamination in 

the studied Sediments 

The aim of determining metals 

contamination in Asa River sediments is 

to assess the possible environmental 

impacts of anthropogenic, agricultural 

activities and the influence of weathering 

of surrounding rocks on the sediment 

metals’ distributions. The impacts of 

these activities are evaluated using the 

following parameters; contamination 

factor (CF), degree of contamination and 

geo-accumulation. Several published 

researches have made use of the Average 

Crustal Abundance of elements in shale 

fraction to determine contamination 

indexes of sediments. Hence, this study 

has also adopted the same indexes to 

determine the extent of contamination in 

the sediment phase of Asa river 

sediments. The computed contamination 

indexes for major, trace and rare earth 

metals are presented in Tables 7, 8 and 9 

respectively. The average contaminated 

factor value (CF=5.49) calculated for Si 

indicated that it is highly enriched in the 

sediment phase. Similarly, it depicts 

more of anthropogenic influence. 

However, the average values of other 

major metals are <1 which depicts 

influence of weathering of 

aluminosilicate minerals from the rock 
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types of the study area. The degree of 

contamination of the major metals is 8.64 

which connote considerable degree of 

contamination. The degree of 

contamination of the trace elements is 

59.29 (very high degree of 

contamination) according to ASE. The 

geo-accumulation index for the major 

metals shows that Si with an average of 

1.86 is moderately contaminated while 

the geo-accumulation of the trace 

elements shows practically no 

contamination. The geo-accumulation of 

the trace elements according to ASE 

indicates negative values depicting 

practically no contamination except Hf 

(2.71) and Zr (1.58) which indicate some 

extent of contamination. 

 

Table 7: contamination indexes for the major metals in the studied sediments (after average 

shale concentration) 

 

Table 8: contamination indexes for the trace elements (after Average Shale Concentration) 

 

 

 

Si Al Fe Ca Mg Na K Mn Ti P

Average 5.49 0.37 0.38 0.25 0.03 0.60 0.59 0.33 0.40 0.20 8.64

Min 4.64 0.19 0.13 0.04 0.02 0.16 0.23 0.00 0.09 0.06 7.19

Max 6.03 0.77 0.76 0.58 0.06 1.34 1.49 0.82 0.93 0.37 11.33

Median 5.87 0.20 0.20 0.10 0.02 0.41 0.45 0.09 0.20 0.12 7.36

Stdev 0.62 0.26 0.30 0.26 0.02 0.52 0.51 0.37 0.36 0.16 1.90

Si Al Fe Ca Mg Na K Mn Ti P

Average 1.86 -2.28 -2.35 -3.45 -5.57 -1.80 -1.66 -6.09 -2.43 -3.35

Min 1.63 -3.01 -3.49 -5.27 -6.22 -3.21 -2.68 -20.28 -4.04 -4.59

Max 2.01 -0.97 -0.99 -1.37 -4.74 -0.16 -0.01 -0.87 -0.70 -2.00

Median 1.97 -2.91 -2.93 -3.90 -5.96 -1.87 -1.75 -4.04 -2.94 -3.59

Stdev 0.17 0.94 1.19 1.84 0.67 1.37 1.01 8.07 1.38 1.30

Contamination Factor

Geoaccumulation Index

Deg.C

Average Min Max Med Stdev Average Min Max Med Stdev

Ba 2.09 0.47 5.65 1.42 2.04 Ba 0.01 -1.66 1.91 -0.08 1.28

Be 0.07 0.00 0.33 0.00 0.15 -2.17 -2.17 -2.17 -2.17

Co 0.18 0.08 0.46 0.13 0.16 Co -3.34 -4.15 -1.71 -3.51 0.99

Cs 0.06 0.06 0.08 0.06 0.01 Cs -4.56 -4.64 -4.23 -4.64 0.19

Ga 0.43 0.16 1.01 0.28 0.35 Ga -2.17 -3.25 -0.57 -2.40 1.11

Hf 15.13 0.94 28.06 13.22 10.23 Hf 2.71 -0.67 4.23 3.14 1.95

Nb 0.64 0.12 1.83 0.27 0.71 Nb -1.93 -3.67 0.28 -2.46 1.59

Rb 0.26 0.14 0.65 0.19 0.21 Rb -2.78 -3.39 -1.22 -2.99 0.89

Sn 0.13 0.00 0.67 0.00 0.30 Sn -1.17 -1.17 -1.17 -1.17

Sr 0.46 0.18 0.89 0.22 0.34 Sr -2.05 -3.02 -0.75 -2.74 1.10

Ta 0.55 0.13 1.25 0.38 0.46 Ta -1.89 -3.58 -0.26 -2.00 1.30

U 0.27 0.08 0.38 0.35 0.14 U -2.70 -4.21 -1.99 -2.09 0.99

V 0.19 0.06 0.52 0.12 0.19 V -3.47 -4.61 -1.54 -3.70 1.24

W 0.67 0.00 1.30 0.65 0.48 W -0.93 -1.58 -0.21 -0.97 0.60

Zr 7.22 0.39 13.64 6.00 5.09 Zr 1.58 -1.95 3.18 2.00 2.05

Mo 0.22 0.15 0.42 0.19 0.11 Mo -2.86 -3.29 -1.83 -2.96 0.60

Cu 0.18 0.12 0.35 0.15 0.10 Cu -3.15 -3.70 -2.10 -3.35 0.63

Pb 0.23 0.10 0.45 0.22 0.14 Pb -2.94 -3.91 -1.74 -2.80 0.89

Zn 0.12 0.03 0.32 0.03 0.13 Zn -4.40 -5.57 -2.25 -5.57 1.62

Ni 0.06 0.03 0.17 0.04 0.06 Ni -5.01 -5.60 -3.15 -5.41 1.05

As 0.11 0.00 0.53 0.00 0.24 As -1.50 -1.50 -1.50 -1.50

Cd 0.00 0.00 0.00 0.00 0.00 Sb -4.49 -4.49 -4.49 -4.49

Sb 0.01 0.00 0.07 0.00 0.03 Au -3.32 -3.32 -3.32 -3.32

Ag 0.00 0.00 0.00 0.00 0.00

Au 0.03 0.00 0.15 0.00 0.07

Hg 0.00 0.00 0.00 0.00 0.00

Tl 0.00 0.00 0.00 0.00 0.00

Se 0.00 0.00 0.00 0.00 0.00

59.29 3.98 201.21 22.75 80.71
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Table 9: Table: contamination indexes of rare earth element in the studied sediments (after 

average shale concentration, 2013) 

 

The rare earth metals/elements have CF 

<1 depicting contributions from chemical 

weathering of the rock types of the area 

(Tijani et al., 2007). The degree of 

contamination is 6.26, indicating low 

degree of contamination. These rare earth 

elements/metals are associated with 

aluminosilicate minerals like: biotite, 

muscovite and plagioclase feldspar.  

Conclusion 

The preliminary geochemical assessment 

of Asa River sediments, north central 

Nigeria has been carried out. SIO2, Zr 

and Ce have the highest values among 

the major oxides, trace elements and rare 

earth elements concentrations 

respectively. The values for SiO2, Al2O3, 

Fe2O3, TiO2, Zr, and SiO2/Al2O3 indicate 

that the sediments are mineralogically 

matured. SiO2, Ba, Hf, Zr are highly 

enriched with respect to UCC and ASC 

average values. Computed values for 

weathering indications indicate some 

degree of intensive weathering of the 

sediments. The metals/elements ranged 

from low contamination factor to very 

high contamination factor, low degree of 

contamination to very high degree of 

contamination and the geo-accumulation 

index ranged from practically no 

contamination to moderately 

contaminated. The Contamination 

Factors revealed the influence of both 

anthropogenic and geogenic on the metal 

concentrations in the sediments. 
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