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Abstract 

The effects of marble mining activities on the properties of soils of Igbeti marble area, Oke-Ogun, 

Southwestern Nigeria were investigated. Sample plots of 10 x 10 m
2
 were established at 150 m 

intervals from the factory site up to a distance of 600 m and with a sample plot at 10 km to serve as 

control in four cardinal directions. A total of 84 composite soil samples from 21 established plots were 

taken for soil physico-chemical properties. No plot falls under agricultural crops. The results show that 

there is drastic deterioration in the quality of soil as a result of mining activities. There was increase in 

total porosity and decrease in bulk density of the soil as you move away from the mining site. The soil 

pH changed greatly from 5.90 in the control site to 8.20 in highly polluted soils. Soil organic matter, 

total nitrogen and available phosphorus decreased with increase in dust particulate from the mining 

sites. Except for Ca
2+

 and Mg
2+

 that decreased with distance from the mining site, Na
+
 and K

+
 increased 

slightly. The availability of the extractable micronutrients (Fe
2+

, Mn
2+

, Cu
2+

 and Zn
2+

) increased as the 

soil acidity increased, though Cu
2+

 availability dropped slightly at control site. It is concluded that there 

is the need for close monitoring of marble mining activities in Nigeria as deposit of marble particulates 

may result to soil nutrients’ imbalance and hence poor soil health especially in areas polluted with 

marble particulates. 

Key words: Mine waste, pollution monitoring, soil deterioration, soil pollution, soil nutrients’ 

imbalance. 

 Introduction           

Marble is one of the solid minerals present in 

abundance in Nigeria (Godwin, 2006).  Igbeti, a 

semi-urban town in Oke-Ogun Area, Oyo State, 

Nigeria has a large deposit of marble. Previous 

studies on Igbeti marble found CaCO3 (44.26 – 

67.26 %) and MgCO3 (37.80 – 45.60 %) as major 

constituents (Emefurieta and Ekuajemi, 1995) and 

with radioactive materials at acceptable 

concentrations, thus making its usage save in 

building constructions (Ademola et al., 2008).  

Marble is formed from limestone as a result of heat 

and pressure in the earth crust thereby causing a 

change in texture and makeup of the limestone. 

This process is called recrystallization. 

Marble mining is part of industrialization while 

also providing employment for hundreds of 

people within the community. However, as 

marble mining progresses, the destruction of 

ecosystem continues, which resulted in soil 

deterioration. Dust particulate due to marble 

mining is a major environmental contamination 

in Igbeti area (Ademola et al., 2008). The 

particulates that spread to surrounding areas 

have led to considerable accumulation of Ca and 

Mg compounds in the soils, sediments, 
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water and vegetation. Calcium and Magnesium 

occur in soil and plant as divalent cations, Ca
2+

 and 

Mg
2+

respectively. Mining is one of the important 

pathways by which soils are polluted (Ademoroti, 

1996). Mining has considerable effect on the air and 

water, loss of biodiversity, soil pollution and land 

degradation (Kumar, 1996). Mining also results to 

clearing of vegetation, reduces essential nutrients 

and organic matter of the soil, reduces biological 

activity and decreases productivity of the soil 

(Pandey and Kumar, 1996). Mineral exploration 

directly or indirectly affects both the living things 

and non-livings things through the physical and 

chemical modification of the soil environment 

(Ratcliffe, 1974). Excess of Ca usually results in 

low solubility of P, Fe, Mn, B and Zn (Pandey et 

al., 2005). Ca has ability to capture P to form 

Calcium triphosphate, thus rendering P unavailable 

to plants (Dutta and Agrawal, 2002). The abundance 

of Ca in the marble dust decreases the availability of 

other nutrients, especially nitrogen (Demooy and 

Pesek, 1996). Ca
2+

 and Mg
2+

 are chemically similar 

(Pandey et al., 2005). Nitrogen is one of the major 

soil nutrients for good growth and yield of crops. 

All these, therefore may cause low productivity of 

crops in the areas affected by marble particulates. 

Traffic on the top soil during marble blasting and 

evacuation may also lead to soil compaction. Heaps 

of excavated marble are sometimes abandoned in 

many locations for months before they are 

transported for industrial use.  Maize, sorghum, 

cowpea, cassava and yam are major crops cultivated 

by farmers in Igbeti and the surrounding villages 

(Rahji, 2005) on the soils that have been 

inadvertently altered as a result of mining activities. 

Since the commencement of marble mining in 

the early 1960s in the marble deposits of Igbeti, 

Oke-Ogun area of Oyo State, Nigeria, no detailed 

study of the possible impact of marble particulates 

on the physicochemical properties of soils of the 

area has been studied. Most Nigerian farmers 

practice subsistence farming (Salahu and Dauda, 

2005) and the Igbeti farmers, with those from the 

surrounding villages are no exceptions where 

farming is done within short distances from their 

homes and mostly within already degraded 

farmland. In this paper, we report on the effects 

of marble mining on soil physicochemical 

properties as well as its impact on soil nutrients 

availability in one of the major marble deposits 

in Nigeria.  

Materials and Methods 

Study site, sample collection and preparation 

The study area is located in Igbeti and lies 

within latitude 8º
 
40´ and 9º 05´N longitude 3º 

45´ and 4º 15´E in Olorunsogo Local 

Government Area of Oyo State. It falls within 

the Northern Guinea savanna of southwestern 

Nigeria (LRS, 1976). The rainfall pattern is 

bimodal and falls from late February to late 

October each year.  

Soil samples were collected randomly using 

Dutch soil auger from 10 x 10 m
2
 established 

plots covering a distance of 600 m at 150 m 

interval from the mining site and also at 10, 000 

m away, where the impact of marble 

particulates was considered to be low in the four 

cardinal directions. Fifteen core samples, 

randomly taken to the depth, 0–15 cm from 

each sampling plot formed a composite soil 

sample. Four composite soil samples were 

collected from each of 21 established plots to 

give a total of 84 composite samples for 

laboratory analysis. All the established plots fell 

within opened-up areas due to mining and 

undisturbed areas with native vegetation, 

depending on the distance. No plot falls under 

agricultural crops. The soil samples were air-

dried for 7 days and sieved using 2 mm sieve. 

The two marble lumps from the mining were 

ground and also sieved using 2 mm sieve for its 

major constituents determination.   

Laboratory analyses   

The particle size analysis was determined 

using hydrometer method in 5 % sodium 

hexametaphosphate as the dispersing agent 

(Bouyoucos, 1951).    
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Total porosity, bulk density and soil moisture content 

were determined using methods outlined by Odu et 

al. (1986).  The pH of the soil was determined 

electrometrically using a pH meter in 1:1 soil – 1M 

KCl and 1:1 soil-water suspensions (Mclean, 1982). 

Organic matter was determined using Walkley – 

Black wet oxidation method (Nelson and Sommers, 

1982). Total nitrogen of the soil was determined 

using the macro Kjeldahl method (Bremner and 

Mulvaney, 1982). Available phosphorus in the soil 

was determined using Bray P1 method (Olsen and 

Sommers, 1982). 

Exchangeable cations (Ca
2+

, Mg
2+

, K
+
 and Na

+
) 

were determined using 1M NH4OAc (Ammonium 

acetate) buffered at pH 7.0 as extractant (Thomas, 

1982).  The K
+
 and Na

+
 concentrations in soil 

extracts were read on Gallenkamp flame photometer 

while Ca
2+

 and Mg
2+

 concentrations in soil extracts 

were read using Perkin-Elmer Model 403 atomic 

absorption spectrophotometer (AAS). The 

exchangeable acidity (H
+
+Al

3+
) in the soil was 

extracted with 1M KCl (Thomas, 1982).  Solution of 

the extract was titrated with 0.05M NaOH to a 

permanent pink endpoint using phenolphthalein as 

indicator.  The amount of base (NaOH) used is 

equivalent to the total amount of exchangeable 

acidity (H
+
+Al

3+
) in the aliquot taken (Odu et al., 

1986). 

The total sum of exchangeable bases 

(Ca
2+

+Mg
2+

+K
+
+Na

+
) and total exchangeable acidity 

(H
+
+Al

3+
) gave the effective cation exchangeable 

capacity (ECEC) (Juo, 1979).
 
 

 

i.e. ECEC = Ca
2+

+ Mg
2+

+ K
+
 + Na

+
 + H

+
 + Al

3+ 

 

Percentage base saturation was calculated as the ratio 

between the sum of exchangeable bases and effective 

cation exchangeable capacity multiplied by 100. 

 

i.e. Base Saturation =   Ca
2+

+Mg
2+

+K
+
+Na

+
    x   100 

                             ECEC   

      

The micronutrients (Zn, Mn, Fe and Cu) were 

extracted with 0.1M HCl (Juo, 1982) and their 

concentrations in soil extracts were read on AAS 
(Perkin-Elmer Model 403).   

The data from soil analyses of the sampled plots 

were subjected to descriptive and one-way analyses 

of variance.  

 

Results and Discussion 

Soil physical properties 
The results of the physical properties of the 

soils from different sampling sites are presented 

in Table 1. The soil texture was sandy loam in 

all the sites except at 450 m away from the 

mining site that was loamy sand. This is normal 

for this type of humid tropical soils that are 

mostly sandy in nature (Lal, 1985). The total 

porosity of the soils ranged from 38.23 ± 0.87 

% in the mining area to 72.56 ± 1.14 % at 

10,000 m away from the mining area. This 

gradual increase of total porosity as we move 

away from the mining site can be attributed to 

the top soil disturbance caused by the thin layer 

of marble particulates (Ibanga et al., 2005). 

Moisture content of the soils decreased as we 

moved away from the mining site. The inverse 

relationships between total porosity and 

moisture content have been extensively 

discussed by many scientists. Aina (1989) found 

a significant reduction in total porosity of forest 

fallow (58 %) of an alfisol soil to when the soil 

was being disturbed (42 %) which was inversely 

related to soil moisture content. Lal (1985) 

however, obtained increased soil moisture 

content and total porosity under forest re-growth 

in teak plantation to an opened-up land which 

was attributed to the canopy cover by the trees. 

The bulk density of the soil at the mining area 

was 1.68± 0.12 mg m
-3

 and decreased 

progressively to 1.05 ± 0.15 mg m
-3

, 10,000 m 

away. Heavy traffic on the top soil within the 

vicinity of the mining may have contributed to 

the high bulk density within the mining area 

(Aina, 1989).   

Soil chemical properties 

The chemical properties of the marble soils 

are shown in Table 2. The pH of the soil (in 1: 1 

soil – 1M KCl) ranged from 8.20± 0.20 within 

the marble mining to 5.90 ± 0.10, 10 km away 

from the mining site. The indication was, the 

soils varied from slightly alkaline to slightly 

acidic condition. African soils are generally 

slightly acidic (Akinnifesi et al., 2005) if 

uncontaminated and the slight alkalinity of soils 

within the marble mining was as a result of 

accumulation of marble particulates on the top 

soil.   
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Table 1: Physical properties of the marble soils 

 

Legend 1 = 0  2= 150  3= 300  4=450  5=600  6=10,000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Sampling  distance (away from the mining site, in metre) 

Property 

 1 2 3 4 5                          6   

 

Particle size (%) 

  Sand 

  Silt 

  Clay 

71.50 ± 0.10 

21.35 ± 0.00 

  7.15 ± 0.10 

73.50 ± 0.13 

19.00 ± 0.16 

  7.50 ± 0.00 

81.50 ± 0.00 

11.50 ± 0.15 

  7.00 ± 0.05 

65.00 ± 0.34 

16.75 ± 0.17 

18.25 ± 0.00 

72.25 ± 0.15 

  8.50 ± 0.00 

19.25 ± 0.55 

75.00 ± 0.00 

  9.50 ± 0.25 

15.50 ± 0.20 

Total porosity (%)  38.23 ± 0.87 48.23 ± 0.58 50.80 ± 0.58 60.23 ± 1.00 65.15 ± 0.52 72.56 ± 1.14 

Moisture content (%)  13.12 ± 0.58 12.00 ± 0.85 10.36 ± 0.14 10.18 ± 0.90   9.33 ± 0.97   8.78 ± 1.05 

Bulk density (mg m
-3

)    1.68 ± 0.12   1.60 ± 0.28   1.43 ± 0.17   1.31 ± 0.15   1.27 ± 0.12   1.05 ± 0.15 

Textural class  Sandy loam Sandy loam Loamy sand Sandy loam Sandy loam Sandy loam 

The carbonate ions, CO3
2-

 present in Igbeti marble must 

have contributed to the soil slight alkalinity (Audu and 

Mohammad, 2007) within 0 – 450 m marble area. 

The soil organic carbon increased with increase in 

distance from the mining area. The lowest value, 3.10 ± 

0.06 g kg
-1

 in the mining area increased progressively 

to 10.22 ± 0.08 g kg
-1

, 10,000 m away were obtained. 

This can be attributed to the removal of the vegetation 

and top soil in the mining area and the immediate 

surroundings to pave way for the mining activities. The 

removal of vegetation (Salami et al., 2002) and top soil 

(Agboola, 1982) had been found to have adverse effect 

on humid tropics’ soil organic matter. Also, total 

nitrogen increased from 0.30 ± 0.08 to 1.13 ± 0.08 g kg
-

1
progressively as organic carbon content increased.  

This may be attributed to the fact that available soil 

nitrates of the tropical African soils are organic carbon 

dependent (Agboola, 1982).  

Available phosphorus contents of the soils 

increased from (mg kg
-1

) 9.26 ± 0.03 to 52.74 ± 0.06 as 

we move away from the mining site. This may be due 

to decrease in base saturation of the soils (from 99.45± 

0.07 to 81.48 ± 0.04 %) as the alkalinity nature may 

encourage phosphorus fixation or immobilization 

(Wild, 1995); or capture by Ca to form calcium 

triphosphate, one of the unavailable forms of 

phosphorus. 

The exchangeable acidity, Al
3+ 

+ H
+
, increased 

from (mg kg
-1

) 0.30 ± 0.10 to 0.65 ± 0.05 as the 

soil pH values decreased. However, exchangeable 

bases (Na
+
, Ca

2+
 and Mg

2+
) decreased 

progressively, while K
+
 values followed no 

definite pattern with increase in distance from the 

marble mining site. Ca
2+

 and Mg
2+

 are the two 

constituents of Igbeti marble and these are 

deposited with mine dust which decreased with 

increase in distance. K
+
 variability may be the 

result of the humid tropics soil micro-variability. 

The general increase in concentration levels of the 

ECEC and base saturation may have been 

influenced by increase in soil acidity as shown in 

Figures 1 and 2.  

The extractable micronutrients (Fe
2+

, Mn
2+

, 

Cu
+2 

and Zn
2+

) increased from (mg kg
-1

) Fe
2+

 10.44
   

± 1.45 to 41.87 ± 0.03, Mn
2+

 4.37 ± 0.03 to 38.23 

± 0.10, Cu
2+

 0.90 ± 0.06 to 1.46 ± 0.15 and Zn
2+

 

0.14 ± 0.06 to 0.94 ± 0.06 with increase in soil 

acidity and distance. This trend also agreed with 

the statement of Wild (1995) that the solubility and 

mobility of metals in soil increase as soil acidity 

increases. 
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Table 2: Chemical properties of the marble soils* 

 

* Marble lump contained (i) Ca
2+

 =47.50 cmol kg
-1

; (ii) Mg
2+

 =55.94 cmol kg
-1

 

Legend 1 = 0  2= 150  3= 300  4=450  5=600  6=10,000 

 

 

 

 Sampling  distance (away from the mining site, in metre) 

Property 

 1 2 3 4 5                        6 

 

Ph 

in H2O 

in 1M KCl 

  8.70 ± 0.20 

  8.30 ± 0.20  

  7.80 ± 0.30 

  7.50 ± 0.20 

  7.70 ± 0.20 

  7.30 ± 0.30 

  7.50 ± 0.20 

  6.90 ± 0.20 

  6.20 ± 0.20 

  5.60 ± 0.10 

  5.90 ± 0.10 

  5.40 ± 0.20 

Organic carbon (g kg
-1

)    3.10 ± 0.06   3.10 ± 0.00   3.90 ± 0.10   4.97 ± 0.05   8.12 ± 0.05 10.22 ± 0.08 

Total nitrogen (g kg
-1

)    0.30 ± 0.08   0.33 ± 0.05   0.40 ± 0.05   0.46 ± 0.10   0.85 ± 0.05   1.13 ± 0.08 

Available P (mg kg
-1

)    9.26 ± 0.03   9.26 ± 0.05   9.53 ± 0.05 12.17 ± 0.10 18.10 ± 0.07 52.74 ± 0.06 

Exchangeable acidity 

 (cmol kg
-1

) 

Al
3+ 

H
+
 

  0.20 ± 0.00 

  0.10 ± 0.00 

  0.20 ± 0.00 

  0.10 ± 0.00 

  0.20 ± 0.05 

  0.24 ± 0.03 

  0.30 ± 0.05 

  0.20 ± 0.05 

  0.30 ± 0.00 

  0.25 ± 0.00 

  0.30 ± 0.05 

  0.35 ± 0.00 

Exchangeable cation  

(cmol kg
-1

) 

Na
+
 

K
+
 

Ca
2+

 

Mg
2+

 

  0.38 ± 0.02 

  0.11 ± 0.01 

46.05 ± 1.05 

  5.66 ± 0.25 

  0.26 ± 0.02 

  0.16 ± 0.01 

19.86 ± 1.14 

  5.02 ± 0.16 

  0.22 ± 0.05 

  0.13 ± 0.00 

11.80 ± 0.20 

  1.65 ± 0.02 

  0.15 ± 0.00 

  0.18 ± 0.05 

10.12 ± 0.08 

  1.05 ± 0.03 

  0.15 ± 0.00 

  0.17 ± 0.05 

  1.56 ± 0.10 

  1.05 ± 0.05 

  0.12 ± 0.02 

  0.27 ± 0.05 

  1.53 ± 0.07 

  0.94 ± 0.05 

Extractable 

micronutrients 

(mg kg
-1

) 

Fe
2+

 

Mn
2+

 

Cu
2+

 

Zn
2+

 

10.44 ± 1.45 

  4.37 ± 0.03 

  0.90 ± 0.06 

  0.14 ± 0.06 

10.44 ± 1.06 

  7.12 ± 0.06 

  1.70 ± 0.05 

  0.20 ± 0.03 

15.92 ± 0.88 

  8.58 ± 0.06 

  1.52 ± 0.08 

  0.20 ± 0.03 

22.98 ± 0.65 

13.03 ± 0.00 

  1.61 ± 0.10 

  0.26 ± 0.06 

27.58 ± 0.52 

14.29 ± 0.10 

  1.80 ± 0.10 

  0.31 ± 0.05 

41.87 ± 0.03 

38.23 ± 0.10 

  1.46 ± 0.15 

  0.94 ± 0.06 

CEC (cmol kg
-1

)  52.09 ± 0.33 25.30 ± 0.00 13.80 ± 0.09 11.50 ± 0.05   2.93 ± 0.07   2.86 ± 0.05 

ECEC (cmol kg
-1

)  52.39 ± 0.33 25.60 ± 0.33 14.24 ± 0.07 12.00 ± 0.05   3.48 ± 0.07   3.51 ± 0.05 

Base saturation (%)  99.43 ± 0.02 98.83 ± 0.06 96.91 ± 1.00 95.83 ± 0.00 84.20 ± 0.07 81.48 ± 0.04 
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Figure 1: Regression plot for the soil pH against the ECEC of Igbeti marble soils.
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Figure 2: Regression plot for the soil pH against the percentage base saturation of Igbeti marble 

soils. 
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Conclusion 

Particulates from marble mining have degradable 

effect on soil physicochemical properties and these are 

added burden to microvariability of soil properties of the 

study area. Nitrogen and phosphorus; two of the major 

plant nutrients reduced in concentrations within the 

mining areas and these increased in concentrations with 

distance, away from the mining areas. The organic carbon 

that the CEC depend on also reduced within the mining 

areas. 

The organic carbon that the CEC depend on also 

reduced within the mining areas. All these may lead to 

low crop yield due to marble particulates that get 

deposited on soil and vegetation of the area. Apart 

from the soil health that would be in danger due to 

soil-nutrient imbalance that may set in as a result of 

marble particulates, the income of the subsistence 

farmers in the study area may be adversely affected 

also due to reduced crop yield they may experience.  
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