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Abstract: Soils of a mine site at Leru, Abia State, Nigeria were characterized and classified for proper usage .A transect 

survey technique was employed in which a traverse was cut to link soils affected by mining to the unaffected soils in the 

area. Soil profile pits were dug described and sampled using standard techniques. Routine laboratory analyses were 

conducted on soil samples for selected soil properties. Soil data were subjected to mean statistic. Results indicated 

increasing sandiness and hulk densi1 in the epipedons closest to the mine site. Mean value of soil moisture in un-mined site 

(149.8 g kg
-1

) was higher than those of mine soils (144.2 g kg
-1

 for middle land unit and 137.0g kg
-1

 for pedon closest to the 

mine site). Mine soils were younger with silt-clay ratio ranging from 3.7 to 7.0 while unaffected soils were older (silt-clay 

ratio = 0.6). Low values of calcium-magnesium ratios (Ca/Mg < 3.0) were reported. Soil pH progressively increased 

towards un-mined site. The soil profile proximal to the mine site was shallower (depth <1 00cm) when compared with other 

soil profiles, and had a lithic contact at 90 cm depth. Based on field and laboratory analysis soils were classified as Lithic 

Dystrudepts (5 metres away from mine site), Typic Haplanthrepts (25 metres away from mine site) and Typic Hapludults (2 

kilometres away from mine site). 
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1. Introduction 

Mining activities disrupt partially or totally the original 

characteristics and qualities of soils and re-set the pace of 

soil formation. Mining influences soil physical and 

structural properties [1], disturbs farmland forests and 

waterways [2], increases water stable aggregates [3] and 

initiates differences in water stable aggregation among soil 

horizris [4]. Overburden in soils of mine sites influence soil 

texture, soil colour and soil subsurface pH [5]. [6] reported 

that unconsolidated materials resulting largely from 

landfills, mine soils. Rubble garbage dumps and dredging 

generate fresh anthropgeomorphic parent materials on 

which new soils develop. The nature of soils formed 

depends on the type of parent material [7]. Mined soils can 

have poor water retention resulting from high coarse 

fragment content, lack of fine earth, and poor soil structure 

which allow water to drain quickly from the soil profile [8]. 

High levels of soluble salts in minerals inhibit water and 

carbon dioxide uptake: and inactivate enzymes affecting 

protein synthesis. C metabolism and photophosphorylation 

[9]. Soil nitrogen, organic carbon and phosphorus have 

been reported as growth limiting factors on mined soils, 

especially within 10 years after disturbance. Organic matter 

and total nitrogen are used as good indicators of N-

availability in mine soils [10]. In southeastern Nigeria, 

there is an increasing demographic pressure on available 

soil resources [11] leading to soil stresses [12] (Reich et al., 

2001) and land degradation [13] (Onweremadu, 2008; [14] 

Onweremadu et al.. 2010). Unprofitable agricultural 

enterprise has led to diversion of socio-economic activities 

towards non-agricultural ventures in Southeastern Nigeria. 

Because quick returns are obtained in milling rock minerals 

like coals, rocks and salts, it has become a major 

socioeconomic activity in Nigeria. These activities have 
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attracted extractive and non-extractive industries such as 

quarrying industries, most of which do not consider the 

impact on the ecosystem despite the need for environmental 

quality control. At Leru in Umunneochi, Abia State Nigeria, 

sand and gravel mining coupled with quarrying are socio-

economically attractive, causing more native populations to 

engage in it. This study was therefore undertaken to 

characterize soil properties of the affected soils by these 

mining activities, and classify them using USDA soil 

Taxonomy. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted at Leru in Umunneochi Local 

Government Area in Abia State, Southeastern Nigeria. Leru 

mine lies between Latitudes 5° 30’ and 6° 08’ N, and 

Longitudes 7° 20’and 7° 50’E. The mine sites are sparsely 

populated and occupies over 5000 ha of farmland. The soils 

are derived from upper coal measures or Nsukka formation 

[15] and belong to the Eastern Nigeria highlands [16]. The 

area lies within the humid tropics, with a mean annual 

rainfall range of 2000-2250 mm and mean annual 

temperature ranging from 27-28 °C’ [17]. Leru has a 

rainforest vegetation which has been depleted b> 

anthropogenic activities such as agriculture, stone mining 

and quarrying. The rainforest is less dense compared with 

southern locations, but comprises varying levels and species 

of plants arranged in storey. Prominent plant species 

include oil palms (Elaeis guineensis), oil bean tree 

(Pentaclethra macrophyllum), maize (Zea mays), cashew 

(Anarcadium occidentale), cassava (Manihot esculenta), 

Pineapple (Ananas cornosus), yams (Dioscorea Species), 

and others. Mining of earth minerals and agriculture are the 

major socio-economic activities of the area. 

2.2. Field Sampling 

Transect soil survey technique guided field sampling. A 

transverse was cut to link three identified land units, 

namely soils 5 meters away from the mine site, soils 25 

metres away from the mine site and soils 2 km away from 

the mine site, based on observed macro morphological 

changes.. Profile pits were dug in each land unit and 

described according to [18] procedure. Soil samples were 

collected based on the degree of soil horizon differentiation, 

thereafter, they were bagged and transported to the 

laboratory where they were air-dried and sieved using 2-

mm sieve preparatory to laboratory analyses. Core soil 

samples were collected for bulk density determinations 

from delineated horizons. 

2.3. Laboratory Analyses 

Particle size distribution was determined by hydrometer 

method [19] (Gee and Or. 2002). Bulk density was 

measured by core method [20] (Grossman and Reinsch. 

2002). Total porosity was calculated as follows: 

Total porosity =  100% − (
BD

PD
×

100

1
) 

Where BD = bulk density 

PD = particle density (assumed to be 2.65 Mg/kg) 

Available water capacity was computed as the difference 

between the moisture retained at 0. 10 and 15 bars tensions. 

Soil pH was determined on a 1:1 soil/water sample [22]. 

Soil organic carbon (SOC) was estimated according to the 

procedure of [23]. Total nitrogen was determined by 

Kjedahl digestion [24]. Available phosphorus was obtained 

using Bray P No .2 method [25]. Exchangeable acidity was 

measure titrimetrically [26]. Exchangeable basic cations 

were extracted using IM Nl-I1OAC, and exchangeable Ca 

and Mg were determined by EDTA titration, while Na and 

K were measured photometrically [27]. Elemental ratios of 

CIN and Ca/Mg were computed to assess fertility of the 

mine soils. 

2.4. Data Analysis 

Soil data were analyzed using descriptive statistics: mean 

and statistical tests of difference were conducted using t-test 

at 5 % level of significance between mine and natural soils. 

3. Results and Discussion 

3.1. Macromorphological Properties 

Morphological properties of the soils are presented in 

Table 1. The Soils show thicker A-horizon nearest to the 

mine. Effective soil depth increased with increased distance 

from mine site while colors of A horizon became darker. 

Differences in soil thickness could be a result of human 

activities like spoil layering more than pedogenic processes. 

Soils 5 meters away from the mine site were redder 

(Reddish brown 5YR4/6) moist as opposed to darker colors 

(Dark reddish brown (YR3/2)) obtained from soils 2 

kilometers away from the mine site at surface horizon. 

Color changes in horizons were likely a result of spoil 

layering. Removed strata during mining were transported 

sideways and downwards, giving rise to heterogeneity of 

soils in terms of soil morphological properties. Root 

development was improved in soils far away from the mine 

site. Granular structures predominate in soils distal to the 

mine site, indicating more pedogenic activities away from 

the mine site. However, the thicker A-horizon (21 cm) in 

soils closest (5-meters away) the mine site compared to 

non-mine site (10 cm) could provide greater volume of 

rooting zone for crops. In a similar study. [28] found that 

mine soils have deeper root zones, higher hulk densities and 

weaker soil structure compared with native soils. Greater 

thickness in A-horizon is attributable to high population of 

grasses near the mine. 
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Table 1. Morphological Properties of the Mine Soils 

Horizon Depth (cm) Soil colour (moist) Structure   Consistence  Boundary Roots 

5 meters away from mine site (Lithic Dystrudepts)  

A 0-21 
Reddish 

Brown (5YR4/6) 
 

Weak 

Subangular blocky 
Fine fr  Cs Many very fine roots 

BC 21-68 
Reddish brown 

(5YR4/8) 
 

Weak Subangular 

block 
Coarse f  d 

Few medium and large 

roots 

C 68-90 Orange (5YR 6/6)  Weak Coarse fr  - Very few large roots 

25 meters away from mine site (Typic Haplanthrepts) 

A 0-11 
Reddish brown 

(5YR4/8) 
 Moderate granular Medium vfr   Many vey fine roots 

        C  

          

Bw1 11-49 
Bright reddish 

brown (5YR 5/6) 
 Moderate coarse fi 

              

D 
 Many fine root 

Bw2 49-80 

 

Bright reddish brown 

(5 YR 5/8) 

 
Moderate medium 

subangular blocky 
 vfi D  Many fine roots 

2E/B 80-88 Orange (6/6)  
Moderate course 

subangular blocky 
coarse vfi D  Very few large roots 

2Btxb 88-120 Orange (5YR 9/8)  Moderate prismatic Coarse efi -  Very few large roots 

2 Kilometers away from mine site (Typic Hapludults)  

A 0-10 
Dark reddish brown 

(YR3/2) 
 Granular medium   fr Cs  Many very fine root 

E 10-26 
Light brown reddish 

(YR6/4) 
 

Medium sub 

angular blocky 
 fi D  

Common fine and few 

medium large root 

Bt1 26-65 
Yellowish red 

(7YR4/4) 
 

Medium sub 

angular blocky 
 fi D  Few medium large root 

Bt2 65-120 
Yellowish  red 

(7.5YR5/4) 
 

Medium subangular 

blocky 
Course fi D  Few medium large root 

BC 120-150 
Yellowish red 

(7.5YR6/6) 
 

Medium course sub 

angular blocky 
 f -  Very few large root 

fr = friable, fi = firm, vfr = very friable, efi = extremely firm c = clear, s = smooth, D = diffuse 

Table 2. Selected physical properties of the soils 

Horizon Depth cm Total sand (kg-1) Silt (g kg -1) Clay g (kg -1) SCR Texture BD (Mg M-3) TP (g kg-1) MC g (kg-1) 

5 meters away from mine site (Lithic Dystrudepts) 

A 0-21 910 80 10 8.0 S 1.40 47.2 133 

Bw 21-68 890 100 10 10.0 S 1.58 41.4 141 

C 68-90 880 90 30 3.0 S 1.67 36.9 41.37 

 Mean 893.3 90.0 16.7 7.0 - 1.53 42.6 137 

25 meters away from mine site (Typic Haplanthrepts) 

A 0-11 890 100 10 10.0 S 1.38 47.9 142 

Bw1 11-49 900 80 20 4.0 S 1.50 43.3 145 

Bw2 49-80 880 80 40 2.0 S 1.52 42.6 146 

2E/B 80-88 860 100 40 2.5 SL 1.61 39.2 140 

2Btxb  820 30 150 0.2 SL 1.63 38.4 148 

 Mean 870 78 52 3.7 - 1.52 42.2 144.2 

2 kilometers meters away from mine site (Typic Haplanthrepts)) 

A 0-20 855 50 100 0.5 SL 1.29 51.3 150 

E 20-26 870 20 110 0.2 SL 1.35 49.1 125 

Bt1 26-65 850 10 140 0.1 SL 1.40 47.2 158 

Bt2 65-120 860 20 120 0.2 SL 1.42 46.4 155 

BC 120-150 880 80 40 2.0 LS 1.56 41.1 141 

 Mean 862 36 102 0.6 - 1.40 47.0 149.8 
 

S= sand, LS= loamy sand, SL=sandy Loam BD = bulk density, TP= total porosity, MC= moisture content, CV = coefficient of variation, SCR = silt clay ratio, 

G. mean= grand mean, G. CV = grand coefficient of variation. 
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3.2. Soil Physical and Chemical Properties 

The soil physical properties (Table 2) indicate higher bulk 

densities ranging from 1 .29 4g M3 in so that is 2km away 

from mine area to 1 .67 Mg M3 in soil that is 5 meters away 

from the site and lower total porosities in soils proximal to 

the mine with values ranging from 36.9 to 51.30 g/kg. This 

could he due to overburden effect and coarseness of the soils. 

It was reported that such soils do not retain enough water, 

possibly emanating from high sandiness [29]. Particle size 

distribution showed dominance of sand (820 910 g/kg) and 

silt (30 -100 g/kg) over clay. The dominance of these two 

particle sizes over clay implies that crushing of parent 

materials and rock fragments genetically and sequentially 

produced sand, then silt, and these sizes are transformed into 

clay with intense weathering and pedogenesis. Very high silt-

clay ratios ranging from 8 - 10 were obtained in soils closest 

to the mine site, indicating that they are young. [30] reported 

that mine soils show either some development (Inceptisols) 

or exhibits little or no development (Entisols). 

The soil chemical properties are shown on Table 3, with 

soil acidity increasing towards the mine site. Higher acidity 

(5.6) of soils proximal to the mine site is a property probably 

inherited from the overburden parent materials, that are acid- 

producing. Even where these materials contain basic cations, 

they are easily leached due to high rainfall amount, intensity 

and duration characteristic of the study site leaving a 

preponderance of acidic cations. [31] reported that carbonates 

contained in overburden strata in mine sites are readily 

leached thereby creating an acid environment. It is possible 

that the oxidation potential of the parent materials counts in 

influencing pH of mine soils. [32], found that mine soils 

forming in partially oxidized sandstone overburden have an 

initial surface p1-1 of 5.5, whereas mine soils forming in un-

oxidized sandstone, and siltstone overburden had an initial 

pH of 7.5. There was no trend in the distribution of organic 

matter in a spatial orientation, although it decreased with 

depth in all the profiles. Highest values 23.12 g kg was 

recorded in soils, 25 meters away from the mine site. 

However, total nitrogen value were higher in native soils, 

implying that greater leaching predisposed by high acidity of 

mine soils may have affected their nitrogen content. Carbon-

nitrogen ratios (14.9) of native soils are close to values 

typical of West African soils with C/N 12-14. However, these 

values were very low in mine soils. It implies that C/N ratios 

of mine soils have not stabilized to typical values in the West 

African biome. Calcium-magnesium ratio is an index of soil 

fertility [33], with values tying below 3.0 indicating poor 

fertility of soils in all land units. [34] suggested the use of 

calcium-aluminum ratios as a better indicator of calcium 

nutrition. The Ca:Mg ratios below 3.0 lead to unavailability 

of calcium and available phosphorus [35]. 

The soils show low available phosphorus in soils closest to 

the mine site which is attributable to high acidity of the soils, 

and consequent fixation of phosphorus (Table 3). In some 

soils, calcium can he derived from rock fragments [36], but 

the rock fragments in this mine site are from sandstones, 

which are naturally acidic and calcium-poor. There were 

significant (p = 0.05) changes in the distribution of OM, TN, 

C/N, Ca/Mg ,clay SCR and MC while non-significant 

differences were recorded in BD, pH and Avail. P in the study 

site (Table 4). 

Table 3. Selected chemical properties of the soils 

Horizon Depth cm pH water OM g kg-1 TN (gkg -1) SCR Avail P mg kg C/N Ca/Mg 

 5 meters away from mine site (Lithic Dystrudepts) 

A 0-21 5.9 21.0 1.3 33.1 S 5.3 0.90 

Bw 21-68 5.4 20.9 1.0 26.1 S 8.6 0.91 

C 68-90 5.7 19.3 0.8 21.7 S 14.0 0.92 

 Mean 5.6 20.3 0.6 27.1 - 9.3 0.91 

 25 meters away from mine site (Typic Haplanthrepts) 

A 0-11 5.5 25.9 1.8 37.6 S 3.9 0.91 

Bw1 11-49 5.8 23.6 1.7 28.9 S 5.2 0.94 

Bw2 49-80 5.7 23.8 1.6 7.8 S 7.2 0.94. 

2E/B 80-88 5.7 24.2 1.1 15.9 SL 8.5 0.90 

2Btxb  5.7 18.1 0.9 13.2 SL 5.2 0.90 

 Mean 5.7 23.12 1.4 22.7 - 6.2 0.92 

 2 kilometers meters away from mine site (Typic Haplanthrepts) 

A 0-20 6.6 24.3 2.3 46.4 SL 10.6 2.9 

E 20-26 6.0 11.8 11.8 41.3 SL 11.9 2.0 

Bt1 26-65 6.2 9.2 9.2 40.6 SL 13.6 3.0 

Bt2 65-120 6.5 7.6 7.6 40.3 SL 14.9 1.8 

BC 120-150 6.4 5.2 5.2 40.1 LS 12.0 1.6 

 Mean 6.3 11.6 11.6 41.7 - 12.6 2.3 
 

S= sand, LS= loamy sand, SL=sandy Loam, BD = bulk density, TP= total porosity, MC= moisture content, CV = coefficient of variation, SCR = silt clay ratio, 

G. mean= grand mean, G. CV = grand coefficient of variation. 
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Table 4. Statistical tests of difference for selected properties in mine and 

natural soils (p = 0.05). 

Soil property Calculated t– values 

pH water 1.862NS 

OM (g kg-1) 3.940* 

TN (g kg-1) 2.939* 

Avail. P (mg kg-1) 2.617NS 

C/N - 2.739* 

Ca/Mg - 2.983* 

SCR - 2.886* 

Clay ((g kg-1) 3.623* 

MC (g kg-1) 2.932* 

B.D. (Mg m-3) 0.768NS 

OM=organic matter, TN=total nitrogen, Avail. P =available phosphorus, 

C/N=carbon-nitrogen ratio, Ca/Mg =calcium-magnesium 1atio, SCR =silt-

clay ratio, MC=moisture content, BD =bulk density * =significant at 5% 

level of probability, NS=not significant 

4. Conclusions 

The study revealed differences in some morphological and 

physiochemical soil properties among geographically-

associated mine soil units. Soils closest to the mine site were 

least differentiated based on distinctness of soil horizons 

while most distal soils exhibited pronounced soil formation 

as indicated by Bt (argillic) horizon. Bulk density and 

moisture content decreased away from the mine site. Soil pH 

and calcium-magnesium ratio decreased in soils proximal to 

the mine site. 
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