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Abstract 

The study investigated geotechnical soil properties and classified soils derived from 

two different lithologic materials, namely Coastal Plain Sand (Benin formation) 

and Imo Clay Shale. Free soil survey technique was used in siting profile pits. Six 

profile pits were investigated. The profile pits were geo-referenced using hand held 

Global Positioning System (GPS) Receiver. Soil profile pits were described 

according to FAO guidelines. Soil samples were collected from horizons, starting 

from the deepest horizon upwards. Samples for the study of geotechnical properties 

were collected at depth of 100-200cm. Soil samples were air-dried and sieved for 

standard routine analysis. The mean, percentage coefficient of variation and simple 

correlation tools were used for soil data analysis. Regression analysis among soil 

properties with significant relation was investigated. Colour of soils underlain by 

Coastal Plain Sand ranged from 2.5YR to 5YR while soils underlain by Shale 

ranged from 2.5YR to 10R. Soil underlain by Shale had higher clay content (159-

443g/kg) and silt content (40-160g/kg) while soil underlain by Coastal Plain Sand 

had higher sand content (760.8-906.8g/kg). The bulk density was also higher in 

soils underlain by Coastal Plain Sand (up to 1.58Mg/m3). Weak structure was 

observed in soils underlain by Coastal plain sand while shale has moderate to 

massive structure. Moisture content up to 353g/kg was observed from soil underlain 

by Shale. Organic matter content was also higher (1.4-3.12g/kg) in soil underlain 

by Shale. TEB were higher in soils formed from Shale (2.63-5.43cmol/kg) than 

those from Coastal Plain Sand (1.11-3.97cmol/kg). Results of geotechnical 

properties revealed the presence of gravel (Amuro-53%, Umuna-19%) in soil 

underlain by Shale. Higher Atterberg limits (LL≥65% and PI ≥35%), optimum 

moisture content (≥20%), COLE (≥0.16), volumetric shrinkage (≥56.1) and 

cohesion (≥14KN/m2) was observed in soils underlain by Shale. Soils underlain by 

Coastal Plain Sand have higher maximum dry density (≥1.61%), shear strength 

(≥91KN/m2), angle of internal friction (≥25.40), and ultimate bearing capacity 

(≥379KN/m2) than soils underlain by Shale. Soil bulk density, porosity, sand and 

clay content were good predictors (predictive ability = R2≥0.72) of geotechnical 

properties like shear strength, COLE, and ultimate bearing capacity. The soils on 

Shale were classified as Vertic Hapludult (Amuro) and Typic Hapludult (Umuna), 

while the soils on Coastal Plain Sand were classified as Psammentic Hapludult 

(Ezelu) and Typic Hapludult (Obinze, Umuagwo, Mgbirichi). 

Keywords: Geotechnical, lithologic, shale, coastal plain sand, bearing capacity.  
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CHAPTER ONE 

INTRODUCTION 

Man has always exploited his environment, for better or for worse. By instinct and 

observation, he has both improved and destroyed his surroundings in peacetime and 

in war. The basic knowledge of the geology, the surrounding environment and the 

associated problems has been a major interest of study among scientists. This is  

important because several environmental problems are expected to occur if no 

secure and environmental friendly measures associated with development are 

carried out (Bruno, 2007; Barends and Hagenaar, 2008; Depountis et al., 2009; 

Youdeowei and Nwankwoala, 2010).  

Geotechnical properties are characteristics that determine the load bearing capacity 

of soil, both for agricultural and civil engineering projects.  

Foundation engineering design is a very important aspect of any building project of 

which geotechnical properties of the soil are the major interest because any mistake 

at this stage can be catastrophic to the entire project. For heavy machinery, stress 

on the soil profile may exceed the internal strength of the soil and thereby cause 

soil deformation which can be detrimental to key soil processes (Mathieu et al., 

2007). However, in developing countries like Nigeria, where there is a rapid 

expansion of urban development, places that are formerly primary forest are 

gradually being taken over and used for building structures and other physical 

infrastructure, thus, we are confronted with the challenge that involves such areas. 
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Among all the factors that control the formation of soil, lithologic or parent material 

appears to exert the most dominating influence on soil properties when compared 

to other pedological factors (Ibanga 2006; Asadu et al., 1990; Allen 2001, 2002).  

In general, the nature of soils depends largely on the interaction between geological 

parent material and weathering history with the influence of parent material being 

strong (Bamjoko et al., 1983; Atkinson and Waugh, 2007). Soil is majorly derived 

from different lithological material. Soil degradation and collapse of engineering 

structures in agriculture and non-agricultural enterprises tend to be on the increase 

in Imo State whose soils are derived from different lithological materials. 

(Onweremadu et al., 2007). 

Natural resources, including soils, cannot be properly managed without proper 

understanding of their characteristics (Idoga et al., 2005). Geotechnical information 

are useful in ensuring that the effects of projects on the environment and natural 

resources are properly evaluated and adverse effects on them mitigated where 

necessary (Nwankwoala et al., 2009). 

Determining the geotechnical properties of soils is one of the major ways that help 

to predict secure and environmental friendly measures for sustainable development 

in our society. This is so because, almost all the construction and agricultural 

endeavors of mankind are concerned with soil behavior; either the soil is used as 

construction or planting material or the structure is placed on it. 

The generation of necessary baseline information useful for planning and for 

developing appropriate environmental management programme in order to reduce 
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potential negative effects is crucial for sound environmental sustainability 

(Youdeowei and Nwankwoala, 2010). 

1.1 Objectives of Study 

For the above reasons, the major objective of this study was to determine some of 

the geotechnical properties of some soil formed on two lithologic materials (coastal 

plain sands and Imo clay shale) in Imo State, Nigeria.  

Specific objectives include to; 

- characterize and classify some soils of the study area; 

- utilize the geotechnical properties to classify the soils; 

- investigate the variability among soils properties formed under the two 

lithologic parent materials; and 

- measure the degree of relationship among these soil properties. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 What Soil is  

Soils are crucial to life on earth and to a great degree, the quality of soil determines 

the nature of plant eco-system and capacity of land to support animal life and 

society (Brady and Weil, 2002). The suitability of soil for various uses man can put 

them is highly dependent on their properties. It is important and beneficial for 

anyone involved with use of soil to know what extent and by what means its 

properties can be changed. 

Soil is a renewable energy source and is one of the ‘life-bloods’ that nurtures, 

nourishes and sustains life. Of the total food consumed by humans, 99.7% comes 

from soil (QU, 2014). 

2.1.1 Soil and Agriculture 

Agriculture is the cultivation of animals, plants, fungi, and other life forms for food, 

fiber, biofuel, medicinal and other products used to sustain and enhance human life. 

The importance of agriculture can never be over emphasized because agriculture 

has been the major source of food in the world. In Nigeria, agriculture is the main 

source of food and the main employer of labour, employing about 60-70% of the 

population (CBN, 2005).  

The relationship between humans, the earth, and food sources affirms soil as the 

foundation of agriculture (Parikh and James, 2012). The soil is one of the major 

https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Food
https://en.wikipedia.org/wiki/Fiber
https://en.wikipedia.org/wiki/Biofuel
https://en.wikipedia.org/wiki/Medicinal
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natural factors that influence agriculture. It is also a key element of agriculture, 

without it, we wouldn´t be able to grow plants, which are used as food for both 

humans and animals (Piotr, 2013). 

A rich soil in plant food is the chief requirement of successful agriculture. It is 

essential as a support for plants, and as the main medium whereby water and all 

plant foods, except carbon dioxide, are brought to the roots of the plants where they 

are absorbed. Soils that are poor, either chemically or in texture, have low 

productivity, both in amount and variety (Smritis, 2015). 

Soil health is the foundation of productive farming practices.  Soil health is a term 

which is widely used within discussions on sustainable agriculture to describe the 

general condition or quality of the soil resource. Fertile soil provides essential 

nutrients to plants. Important physical characteristics of soil-like structures and 

aggregation allow water and air to infiltrate, roots to explore, and biota to thrive. 

Diverse and active biological communities help soil resist physical degradation and 

cycle nutrients at rates to meet plant needs. Soil health and soil quality are terms 

used interchangeably to describe soils that are not only fertile but also possess 

adequate physical and biological properties to “sustain productivity, maintain 

environmental quality and promote plant and animal health” (Doron, 1994). 

2.1.2 Soil and Engineering 

Interest in evaluating the quality and health of soil resources has been stimulated 

by increasing awareness that soil is a critically important component of the earth’s 
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biosphere, function not only in the production of food and fiber but also in the 

maintenance of global environmental quality (Doran and Michael, 2000). 

Soil serves engineering apart from agronomic, environmental and recreational 

function (Zinck, 1990). Soil factors affect the designs, construction and stability of 

engineering structures such as dams, bridges road construction, canals, buildings 

and water supply structures (Bell, 1992). 

2.1.3 Soil and Waste Disposal 

As a result of its position at the surface of the earth, where most human activities 

are located, the soil has a long history of being a recipient of waste. (UNEP, 2006) 

It is estimated that the world wastes between 80-90% are applied to the soil and yet 

soil health, its ability to operate as a carbon sink, and its role in revitalizing 

waterways are vital priorities for industry and shaping agri-food practices (UNEP, 

2006). 

2.2.0 Lithologic Materials and the Soil  

Geologic processes have brought to the earth surface numerous parent materials or 

lithologic materials in which soils form. (Brady and Weil, 2002). Lithologic 

material also known as geologic or parent material are those material from which 

soils are form. 

So many authors have defined parent material as; 

 Initial state of soil formation (Jenny, 1941) 
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 unconsolidated  organic and mineral material  in which  soil forms (NRCS, 

1993) 

 Unconsolidated material, mineral or organic, from which the solum 

develops (Neuendorf et al., 2005) 

 material from which the soil has presumably been derived (FAO, 2006) 

 geological deposit  over and within  which  a soil develops; typically, the 

parent material is the first recognizably geological deposit encountered 

when excavating beneath the soil layer, it represents the very – near – 

surface geology (BGS, 2009) 

The type and characteristics of soil depends on its origin (Barnes, 2000). Parent 

materials have great effect on soil properties as suggested by Brady and Weil, 

(1999) and Esu, (2005). The basic physical, chemical, and biological properties of 

soils must be considered to maintain sustainable agricultural practices. 

It has longed been recognize that parent material has a major influence on the 

physical and chemical properties of soils. It is one of the five traditionally 

recognized factors of soil formation, the other being climate, topography, organic 

material and time.  

Parent material appears to exert the most dominating influence on soil properties 

when compared to other pedologic factors (Ibanga 2006; Asadu et al., 1990; Allen 

2001, 2002).  

Variations in soils could be attributable to the nature of parent material as it 

influences soil characteristics (Ibanga, 2006). 
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Broadly speaking, parent material is considered to provide the primary raw material 

upon which the other influencing factors will be served to modify. 

The knowledge of the parent material of soil is essential for an understanding of 

many important characteristics related to the soil nutrient status (Uehera and 

Gillman, 1981).  

Also, knowledge of parent materials, their source of origin, mechanisms for their 

weathering and means of transport and deposition are essential to understanding 

soil genesis (Brady and Weil, 2002). 

Norra et al. (2006), observed that the mineralogical and geochemical compositions 

of surface soils reflect the soil parent material and pedogenic minerals. Wilson 

(1999), had earlier indicated that clay minerals strongly influence the major 

physical and chemical properties of the soil. He showed that questions concerning 

the origin, distribution, and formation of these minerals have assumed prominence 

in the study of soils. 

Borggaard and Elberling (2004), concluded that mineralogy (of lithologic material) 

can be decisive for soil sensitivity and resilience, including the capacity of the soil 

to resist stress and recover after exploitation. 

2.3 Lithologic Materials in Imo State. 

The extensive soil systems and landscape of south-eastern Nigeria are underlain by 

sedimentary materials of different ages and different formations. The geological 

formations were described by Ofoegbu (1985), as materials within the 'Benue 
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trough'. These are mainly weathered sandstones of Palaeocene/Pleistocene age and 

shales of the basement complex of Precambrian age (Orajaka 1975). 

Several researchers have argued that the mineralogy and geochemistry of these 

formations influence to a large extent the nature of the overlying soils (Szilas et al. 

2005; Norra et al., 2006; Owliaie et al., 2006).  

The soils of Imo States vary.  Variations could be as a result of changes in the 

lithological origin (Onweremadu, 2008), 

Some of these lithologic material found in Imo state include; 

2.3.1 Imo Clay Shale 

Shale is a fine-grained sedimentary rock that forms from the compaction of silt and 

clay-size mineral particles that we commonly call "mud". This composition places 

shale in a category of sedimentary rocks known as "mudstones" 

Shale is the commonest type of sedimentary rock, covering a vast area of the earth’s 

surface. It exhibits a wide spectrum of geotechnical behaviour and has often been 

a cause for concern on environmental and geotechnical issues and thus shale, most 

often, is regarded as problem materials (Aghamelu et al., 2011). These problems 

possessed by shales in shaley terrains of the world are, in most cases, being 

influenced by mineralogy, especially the sedimentary attributes, predominant clay 

mineral type(s) (Sowers and Sowers, 1970; Okagbue, 1989; Coduto, 1999) as well 

as the climate and physiography of the area under consideration (Ezeribe, 1994).  

Okagbue (1989) in his work on slope stability of coal mine spoils pointed out that 

http://geology.com/rocks/sedimentary-rocks.shtml
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the engineering behaviour of rocks and soil, especially the clay portion, is to a large 

extent influence by their mineralogy and possibly chemical interactions. 

Ezeribe (1994), assessed the geotechnical properties of some shale units of 

Southeastern Nigeria (Asu River and Eze Aku shale groups and Nkporo 

Formation). He noted that local environmental factors affected greatly shale 

properties. 

 Since shale is highly clayey in nature, it is subjected to swelling during the rainy 

season and shrinkage during the dry season. Shale is a notorious unpredictable 

material, in which a number of failures have been reported involving cracks on 

buildings, settlement and shear failure of compacted shale embankments 

(Abeyesekera et al. 1978; El-Sohby et al. 1987; Williams 1980). 

 Underwood (1967), Coduto (1999) and Okeke (2005) have attempted the 

classification of shale based on mineralogy, cementing material, strength, texture, 

durability and depositional environment. Gamble (1971), Franklin and Chandra 

(1972), have discussed the classification of shale for use as embankment materials 

based on slaking and durability.  

Shale which consist mostly of clay minerals, are generally further classified on the 

basis of composition and bedding, (Spears, 1990). 

Shales have special properties that make them important resources. Shale rocks 

often form porous and permeable reservoirs in sedimentary basins in which 

petroleum and other hydrocarbons can be found (James, 2000). Black shales 

contain organic material that sometimes breaks down to form natural gas or oil. 
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Other shales can be crushed and mixed with water to produce clays that can be 

made into a variety of useful objects. 

2.3.2. Coastal Plain Sand 

Coastal plain deposits otherwise referred to as Benin Formation, is made up of 

continental sands and sandstones (>90%) with a few shale intercalations (Nton and 

Esua, 2010). Soils formed from coastal plain sands are characterized by the 

dominance of sandy textured fragments (comprising larger quantities of coarse over 

fine textured materials), have low physical and chemical fertility due to dominance 

of low activity clays and inherent low organic matter contents (Ojanuga et al, 1981; 

Ofomata, 1981; Ogban, 2001). 

Agricultural production on this soil possesses capacity for moderately high yield 

under typical traditional shifting cultivation and fallow system. The population 

pressure had drastically shortened the length of fallow and subsequently reduced 

soil organic matter contents which complements low cation exchange capacity that 

characterize low activity clay soils (Obi and Udoh, 2011) These soils may not 

possibly sustain large-scale intensive production system which must be introduced 

in a sustainable manner. 

The coastal plain soils of Southeastern United States of America are characterized 

by low soil fertility, sandy texture, acidic pH values, low contents of basic cations, 

organic carbon and activity clays; the soils are strongly weathered and are classified 

as Ultisols under USDA Soil Taxonomy and are cropped to corn and cotton 

http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#938114_ja
http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#938114_ja
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(Shiyam et al., 2007; Novak et al., 2009). The Swan coastal plain soils in West 

Australia are porous, thus favouring leaching of applied nutrients and pesticides 

from the soil surface (Salama et al., 2001).The coastal plain soils in Somalia consist 

of alluvial and marine deposits and are poorly developed and shallow probably due 

to less amount of rainfall (50-200 mm) in the region (Sommerlatte and Umar, 

2000). 

2.3.3 False bedded Sand Stone 

Sandstone is a sedimentary rock composed of sand-sized grains of mineral, rock or 

organic material. It also contains a cementing material that binds the sand grains 

together and may contain a matrix of silt- or clay-size particles that occupy the 

spaces between the sand grains. (Prothero and Schwab, 1996) 

The false bedded or Ajali Sandstone is an extensive stratigraphic unit conformably 

overlying the Lower Coal Measure (Mamu Formation) and underlying the Upper 

Coal Measure (Nsukka Formation) in the Maastrichtian. Various authors like: 

Simpson (1954), Reyment (1965), Hogue and Ezepue (1977) and Ladipo (1986), 

have discussed the environment of deposition; Simpson (1954) described the litho-

stratigraphic units as false bedded sandstone; Reyment (1965) associated its type  

environs and named it Ajali Sandstone; Hogue and Ezepue (1977), evaluated its 

textural characteristics and inferred it as fluvio deltaic depositional setting while 

Ladipo (1986) on the contrary argued for a tidally influenced regime in a 

shelf/shoreline environment.  

 

 

http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#928364_ja
http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#927088_ja
http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#39943_con
http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#49898_an
http://scialert.net/fulltext/?doi=ijar.2012.358.366&org=10#49898_an
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2.3.4. Coal Measures 

The Coal Measures is a lithostratigraphical term for the coal-bearing part of the 

Upper Carboniferous System. The Coal Measures Group consists of the Upper Coal 

Measures Formation, the Middle Coal Measures Formation and the Lower Coal 

Measures Formation. The group records the deposition of fluvio-deltaic sediments 

which consists mainly of clastic rocks (claystones, shales, siltstones, sandstones, 

conglomerates) interstratified with the beds of coal. 

Coal was discovered in the Mamu Formation (formerly called the ‘Lower Coal 

Measures’) of the Anambra Sedimentary Basin of south-eastern Nigeria (Simpson, 

1954).  De-Swardt and Casey (1963) later reported the occurrence of coals in the 

Nsukka Formation (formerly called the ‘Upper Coal Measures’), located 4 miles 

north of Okaba town.   

2.3.5 Alluvium 

Alluvium (from the Latin, alluvius, from alluere, "to wash against") is loose, 

unconsolidated (not cemented together into a solid rock) soil or sediments, which 

has been eroded, reshaped by water in some form, and redeposited in a non-

marine setting (GGT, 2012; GD, 2012) 

The alluvial soils are usually developed in terrains that are flat and of low relief 

relative to the surrounding topography. They are usually supplied with excessive 

water which may be caused by rainfall, lateral seepage flow, flooding from adjacent 

streams or rivers and by high ground water tables (Akamigbo, 2001). They are 

azonal soils that are seasonally flooded for a considerable period of the year and 

https://en.wikipedia.org/wiki/Lithostratigraphy
https://en.wikipedia.org/wiki/Carboniferous
https://en.wikipedia.org/wiki/Coal_Measures_Group
https://en.wikipedia.org/wiki/Clastic_rock
https://en.wikipedia.org/wiki/Claystone
https://en.wikipedia.org/wiki/Shale
https://en.wikipedia.org/wiki/Siltstone
https://en.wikipedia.org/wiki/Sandstone
https://en.wikipedia.org/wiki/Conglomerate_%28geology%29
https://en.wikipedia.org/wiki/Coal
https://en.wikipedia.org/wiki/Latin
https://en.wikipedia.org/wiki/Rock_(geology)
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Sediment
https://en.wikipedia.org/wiki/Erosion
https://en.wikipedia.org/wiki/Marine_(ocean)
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normally support hydrophilic plants and animals. (Ojanuga et al., 1996). Most 

alluvial soils are hydromorphic, mineral or organic and are extremely variable in 

characteristics. They range from consolidated, firm, with a blocky or prismatic 

structure especially when they are seasonally dried. On the other hand under 

waterlogged condition, they could be soft, semi-liquid, massive and structureless 

or laminated (Young 1976, Akamigbo, 2001). Their texture may range from sands 

to clays and profiles from underdeveloped to strongly developed (Brinkman, 1986; 

Egbuchua, 2007). Thus, alluvial soils are quite perculiar and their general 

characteristics may be influenced by the factors of topographic location, parent 

material and the presence of water from adjacent streams or rivers that may cause 

seasonal flooding (Andriesse 1986; Brinkma 1986 and Egbuchua, 2007) 

2.4.0 Lithologic Material and Soil Chemical Properties 

The knowledge of the parent material of soil is essential for an understanding of 

many important characteristics related to the soil nutrient status (Uehera and 

Gillman, 1981). These nutrient statuses are affected by so many soil chemical 

properties. 

2.4.1 Soil chemical fertility 

Soil chemical fertility refers to the ability of the soil to supply essential plant 

nutrients and soil water in adequate amounts and proportions for plant growth and 

reproduction in the absence of toxic substances which may inhibit plant growth 

(Madeley, 2002). The major and micro or trace elements are made available to 

plants by breakdown of the mineral and organic matter in the soil. 
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Parent material has also been reported to influence nutrient content of soils 

(Giesleret et al, 2005; Onweremadu, 2007). Nutrient supply to plants is the key to 

crop productivity and food sufficiency. Parent material is a major source of most 

nutrients necessary for plant growth with notable exception of oxygen, hydrogen, 

nitrogen and carbon which are primarily derived from the atmosphere and organic 

manure 

Under natural conditions, the proportion of specific cations present in the soil are 

largely influenced by the soil parent material and the degree to which climate has 

promoted the loss of cations by leaching (Brady and Weil, 2002). 

2.4.2 Sodicity 

Sodic problem develop where there is a high ratio of sodium relative to other 

exchangeable bases. The ratio generally increases with increasing siliceous 

character of the lithologic material (Gray and Murphy, 2002). 

Adverse effects of sodicity on crop growth mainly result in from the breakdown of 

soil structure through dispersion of aggregated particles (Loveday, 1984; Renasamy 

et al, 1991). Dispersive behavior of soils results in poor water use efficiency, 

reduced plant emergence and crop yields by promoting surface sealing, crusting 

and increasing mechanical impedance to plant roots (Abrol and Painuli 1986; Abrol 

et al. 1988; So and Aylmore 1993).  
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Movement of air and water into the root zone is also reduced significantly. Plants, 

sometimes, face aeration stress due to prolonged water logging or impeded 

infiltration of irrigation and/or rain water.  

Highly siliceous lithologic materials such as quartz sandstone and granite gives rise 

to soils that are very susceptible to external sources of sodium (such as leached 

solution from upslope, windblown dust or rising ground waters) because of their 

inherent low (non-sodium) base content.(Hallsworth and Waring, 1964) 

2.4.3 Salinity Level 

It is difficult to make generalization about the potential salinity level in soils arising 

from different parent materials. Much of the salt present in soil may be derived 

from external sources. (Isbell et al., 1983)  

Salt content may be high in marine rich sediments (i.e. claystones, shale etc.) as the 

salt and/or component ion may be bound up with the clay during the deposition 

process. Note that not all marine sediments are high in salt content as the saline 

water is generally not retain during the lithification process. 

Gunn and Richardson (1979), studying the cretaceous rocks of southern 

Queensland, reported significant quantities of sodium, chloride and other salt 

forming ions in marine argillaceous, but low in quantities in marine quartzose  

sediments. These authors show that most rock, with probable exception of 

quartzose sandstones and siltstones, have sufficient sodium chloride and other ions 

to give rise to salty conditions without need for atmospheric accession of salt. 



17 
 

As in case of sodicity effect noted above, soil derived from highly siliceous 

lithologic materials are inherently more susceptible to the presence of salt than 

those derived from mafic soils, due to their lower exchangeable base content, thus 

lower buffering potential (Gray and Murphy, 2002). 

2.4.4 Soil Acidity 

Soil acidity is a major growth‐limiting factor for plants in many parts of the world 

(Foy, 1984). Explanations of poor plant growth on acid soils have included Al3+ 

toxicity (Barceló et al., 1996; Kinraide, 1993), Mn2+ toxicity (Foy, 1984), low N 

supply (mainly NH4
+‐N rather than NO3

−‐N) (Foy, 1984), P deficiency (Foy, 1984), 

Mo deficiency (particularly in legumes; Hafner et al., 1992) and toxic 

concentrations of phenolic acids (Baziramakenga et al., 1995; Vaughan and Ord, 

1991; Whitehead et al., 1981). 

Soil acidity tends to decrease with increasing mafic character of the lithologic 

material. This is due to the greater abundance of exchangeable and higher CEC in 

soils derived from mafic materials which have a buffering effect to increase in the 

H+ ion (e.g. from plant growth, removal of basic cations in farm produce or in nitrate 

leaching) (Gray and Murphy 2002). These authors also stated that where carbonates 

are present in the soil, as it is common over calcareous lithologic material (e.g. 

limestone or dolomite), they will usually be slightly or even strongly alkaline in 

character. Thus, soil derived from highly siliceous sandstone and granites will 

generally be more acidic than those derived from andesites and basalt, other factors 

being equal. 

http://jxb.oxfordjournals.org/content/52/357/791.full#ref-12
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-4
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-24
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-12
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-12
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-12
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-17
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-5
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-40
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-40
http://jxb.oxfordjournals.org/content/52/357/791.full#ref-41
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2.5.0 Lithologic Material and Soil Physical Properties 

Among the soil fertility components, agronomists most often overlook the physical 

composition of a soil in preference to its chemistry and the yield potential aspect. 

Soil physical properties play very significant roles in ensuring better crop growth 

and soil quality. The soil physical conditions are estimated on the basis of the 

density of soil, particle size distribution, macro aggregate size distribution and 

structural porosity (Medvedev, 1988). Dexter (1997) observed that soil phenomena 

and problems usually require more than one of these components for adequate 

evaluation. These properties, according to Shein and Mizury (1998), affect the yield 

of cultivated plants. Munkholm and Kay (2002) showed that tensile failure is the 

desired mode of failure during seedbed preparation as large clods are fragmented 

without disturbing soil microstructure, indicating that soil strength is influenced by 

management and soil properties (Blanco-Canqui et al., 2005). 

2.5.1 Soil Texture 

Soil texture is simply the relative proportions of sand, silt, and clay in a soil. Texture 

is an important soil characteristic because it will, in part, determine water intake 

rates (infiltration); water movement through soil (hydraulic conductivity); soil 

water holding capacity; the ease of tilling the soil; and the amount of aeration 

(which is vital to root growth) (Brady and Weil, 2002). Texture will also influence 

soil fertility. 

The lithologic material largely controls the potential quantity of clay, the potential 

quantity of resistance material such as quartz and their grain size, and the activity 
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of the clay produced. Most minerals apart from quartz eventually weather to form 

clay minerals (Gray and Murphy, 2002). 

The knowledge of the relationship between clay mineralogy and geological and 

weathering conditions is important in order to assess the inherent soil fertility for 

appropriate large scale land management (Tetsuhiro et al., 2006).  

The variations in clay mineralogy of soils appear to depend mainly on the parent 

materials from which the soils are derived (Radoslovich, 2006). 

Argillaceous lithologic materials such as shale are predominantly compose of clay 

particle, thus they will give rise to soil with high amount of clay. The activity of 

clay present will also influence the soil texture, with high activity clays such as 

smectites and vermiculite giving heavier texture than low activity clay such as 

kaolin and illite.  

Generally, the more mafic the lithologic material, the higher the activity of the clay 

produced. The coarser the grain size of the lithologic material, and in particular that 

of the resistant quartz grains, the coarser will be the particle size of the soil, 

especially of the surface soil. (Gray and Murphy, 2002) 

2.5.2 Soil Structure 

Lithologic material affects the strength of the soil. Dexter (1997), observed that 

strength and stability are necessary if the soil is to retain its structure against 

imposed stress which may be in the form of raindrop impact, or may be 

anthropogenic in the form of agricultural traffic. 
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The most highly structured soil are generally formed where there are clay with high 

calcium levels and low sodium levels; high level of sesquioxides (as indicated by 

the presence of free iron and aluminium oxides); and/or high organic matter and 

soil fauna activity. 

2.5.3 Shrink/Swell Potential 

The shrink/swell characteristic of soil affect the ease to work on the soil or 

workability potential of the soil.  This greatly affects tillage. Esu, (2005), attributed 

it to ease of tillage, fertility, plasticity, permeability and water holding capacity to 

the parent material. 

This phenomenon occurs when high levels of smectites clay such as 

montmorillonite are present. Illite, vermiculite and interstratified clays (i.e. material 

composed of interlayers of various clay types) can be prone to degree of 

shrink/swell activities (Gray and Murphy, 2002). Kaolin and chlorite have low 

potential for these activities.  

Thus, basalt-derived soils have typically high potential for shrink/swell and related 

phenomena, soil from more intermediate rocks such as andesites, shale and 

granodiorites have moderate potential, while siliceous rock such as granites and 

sandstones give rise to soils with a typically low potential (Gray and Murphy, 

2002). 
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2.5.4 Soil Erodibility 

Soils with high levels of fine sand and silt and low clay levels are likely to be highly 

erodible. The finer the sand/silt particles, the more prone to erosion the soil is likely 

to be. Thus fine-grain siliceous lithologic materials such as siltstones and rhyolites 

will be most likely to give rise to erodible soils, at least in surface units (Spears, 

1990). High clay forming lithologic materials such as basalt and shales are 

generally the least likely, other factors being equal (Gray and Murphy, 2002). 

Where the clays present are dispersible, they are highly prone to erosion (Ezeribe, 

1994). Where they are flocculating, they are less prone to erosion. Clays with 

dispersible behavior are frequently associated with the more siliceous lithologic 

material as they are more susceptible to sodium problems. Note that the ‘self 

mulching’ clay soils derived from mafic lithologic materials may be subject to high 

erosion because their tendency to seal under rainfall, thus leading to high runoff 

and water erosivity (Gray and Murphy, 2002). 

2.6. Geotechnical properties of Soil 

Geotechnical properties of soils are characteristics that determine its ability to 

withstand load and pressure. This is because the impact of the imposed load is 

exacerbated by the thickness and consistency of the compressible layer (Oke and 

Amadi, 2008). 

The engineering properties namely permeability, consolidation, compaction and 

shear strength are governed by the mode of formation, stress history, groundwater 
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conditions and physicochemical characteristics of the surficial deposits derived 

from parent material (Creig, 2004). 

Geotechnical engineers classify soil according to their engineering properties as 

they relate to use for foundation support or building material (Budhu, 2007).  

According to Joseph (2008), structures of all types - buildings, bridges, highways, 

dams and canals rest directly on soil. 

2.6.1 Atterberg Limit (Consistency Limits) 

A Swedish Scientist, A. Atterberg, engaged in ceramics and agriculture work in 

1911 and proposed five state of soil consistency. These limits of soils are based on 

water content and are: 

Liquid Limit (LL); The moisture content at which the soil stop acting as a liquid 

and start acting as a plastic solid is known as the liquid limit (LL) (Smith, 1979) or 

the water content above which the soil behave as a viscous liquid (Bowles, 1985). 

Smith, (1979) added that this can also be used to divide the soil into three groups; 

L   (LL < 35%) – low compressibility 

I    (35 < LL ≤ 50%) - medium (or intermediate) compressibility 

H   (LL > 50%)   –   high compressibility. 

 

Plastic limit (PL); Bowles(1985) defined it as the moisture content below which 

the soil no longer behave as plastic material, while Arora, (2011) defined it as the 

water content at which the soil becomes semi solid, in other words, the water 

content at which the soil just fail to behave plastically. 
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Shrinkage limit (SL); the water content at which the soil changes from semi-solid 

state to the solid state (Arora, 2011). Bowles (1985) explained it as the water 

content defined at degree saturation equal to 100%, below which no further soil 

volume change occurs with further drying. He further noted that this limit is of 

considerable important in arid areas and for certain soil types which undergo 

considerable volume change with changes in water content. 

Sticky limit; this is the water content at which a soil loses its adhesive property and 

ceases to stick to other objects such as the hands or smooth metal surface of spatula 

blade. (Bowles, 1985). 

Cohesion limit; the water content at which the soil grains just cease to stick 

together, e.g., at which cultivation of the soil does not result in clods or lumps 

forming (Bowles, 1985). He further noted that this limits has more significance for 

the agriculturist than for the soil engineer 

The Atterberg limits is used to denote the degree of firmness of a soil and 

consistency of a soil is indicated by such term as soft, firm or hard (Arora, 2011).  

Montgomery (2000), pointed out the importance of Atterberg limits in engineering 

works. According to the author, the consistency of a given soil depends on its water 

content as described by Atterberg limits. He also pointed out that Atterberg limits 

are used to distinguish between silt and clay. 

Atterberg limits are also useful guide in soil classification many authors had used 

it to denote the degree of expansion and the swelling potential of soil; 

Altmeyer (1955), gave the following classification of expansive soils; 
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Linear shrinkage (%) Degree of expansion 

<  5 Non critical 

 5 – 8 Marginal 

>  8 Critical 

 

O’ Neill and Poormoayed (1980) summarized the criteria given by U.S. Army 

Waterways Experiment Station as follows; 

Liquid Limit Plasticity index Swelling Potential 

< 50 < 25 Low 

50-60 25 – 35 Marginal 

> 60 > 35 High 

 

2.6.2 Shear Strength 

The shear strength of a soil is its maximum resistance to shear stresses just before 

failure (Arora, 2011). Shear strength of a material denotes the ability of such 

material to resist shearing deformational stresses (Sowers, 1963). According to 

Burland, (2005) soil derives its strength from two sources namely Cohesion and 

frictional resistance between particles.  

Shear exhibited by a soil is made up two parts; internal friction (resistance due to 

interlocking of the soil particles), and cohesion (resistance due to forces tending to 

hold the soil particle together in a solid mass (Smith, 1979). 
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Coulomb’s Law of Soil Shear Strength 

Frictional resistance is not a constant but varies with the value of applied normal 

stress on the shear plane, whereas cohesive resistance is assumed to be a constant 

value independent of applied stress. The strength envelope of a soil may be express 

by the straight line equation: 

𝜏 = 𝑐 + 𝜎𝑛𝑡𝑎𝑛∅                                     2.1 

Where 𝜏 = shear strength  

           c = cohesion 

σn= normal stress on shear plane 

Ø= angle of internal friction 

Thus from the point of view of shear stress, three types of soil can exist. 

 

 

 

 

 

 

 

Shear strength of soil is important in engineering works as it signifies its resistance 

to deformation.  

In their work, Kaneko et al. (1993), indicated that the safety of any geotechnical 

structure is dependent on the strength of soil.  Understanding the shear strength of 

𝜏 𝜏 

𝜏 = 𝑐 
𝜎𝑛 

“∅= 0” or “c”  Soil 

𝜏 = 𝑐 + 𝜎𝑛𝑡𝑎𝑛∅ 
𝜎𝑛 

“C - ∅ ”   Soil 

𝜎𝑛 

𝜏 = 𝜎𝑛𝑡𝑎𝑛∅ 

𝜏 

“C = 0” or "∅" Soil 

Fig. 2.1: Classification of Soil Shear Strength 
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a soil is the basis in the analysis of soil stability problems, such as Lateral pressure 

in earth retaining structures, Slope Stability and bearing capacity. 

2.6.3 Bulk Density 

Bulk density reflects the soils ability to function as structural support (Kramer, 

2000). According to the author, high bulk density is an indicator of low soil porosity 

and compaction.  

Price (2008), in his work, indicated that high bulk density of soil reduced vegetative 

cover, exposes the soil to erosion and leads to water logging in areas of flat surfaces. 

The importance of soil compaction in engineering work was clearly spelt out by 

Rober, (2001). He pointed out that soil compaction properties is one of the most 

common and cost effective means of stabilizing soil. 

2.6.4 Grain Size 

Grain size of a soil refers to the diameter of soil particles making up the soil mass 

(Bowles, 1985). He stated that the grain size analysis is useful as it helps to identify 

such soil properties as: whether a given soil can be easily drained and whether the 

soil is suitable for use in construction projects such as dams, levees, and roads. 

The grain size analysis is an important part of the engineering classification of soil. 

2.6.5 Compaction 

This is the process of mechanically packing together of soil particles by the 

expulsion of air to increase the density (Smith, 1979). It is extensively use in 

construction of civil engineering and farm structures such as highways, 

embankments, dams, foundations, etc. The densities achieve by compaction are 
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invariably expressed as dry densities generally in Mg/m3 or Kg/cm3. The moisture 

content at which maximum dry density is obtained for a given amount of 

compaction is known as optimum moisture content (O.M.C.).  

2.6.6 Bearing Capacity 

Bearing capacity is the ability of the underlying soil to support the foundation loads 

without shear failure. The bearing capacity of Soil is an important consideration in 

construction projects. 

Bearing capacity failure occurs as the soil supporting the foundation fails in shear, 

which may involve either a general, local or punching shear failure mechanism 

(Bowles, 1997). The soil must be capable of carrying the load from any engineering 

structure placed upon it without a shear failure and with the resulting settlement 

being tolerated for that structure (Bowles, 1997). 

Several bearing capacity equations are in existence. While some depend mostly on 

the nature of the soil (for example, whether the soil is cohesive or non-

cohesive/cohesionless), others take into consideration the structural and foundation 

designs (Coduto, 1999).  

Foundation: This is that part of a structure which transmits the weight of the 

structure to the soil. It is a connection link between the structure proper and the soil 

which supports it. It is an artificial laid base on which a structure is built (Arora, 

2011). 
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Ultimate Bearing Capacity (qult): It is the maximum pressure that a foundation 

soil can withstand without undergoing shear failure. It is the maximum contact 

pressure between the foundation and the soil fails in shear (Smith, 1979). 

Allowable Bearing Pressure (qa): The allowable bearing capacity (qa) is the 

maximum bearing stress that can be applied to the foundation such that it is safe 

against instability due to shear failure and the maximum tolerable settlement is not 

exceeded.Itis the maximum pressure which the soil can safely withstand without 

any risk of both shear failure and settlement (Arora, 2011). It is given as:                     

𝑞𝑎 =  
𝑞𝑢𝑙𝑡

𝐹
                                           2.2 

Where; F = Factor of safety. 

           qult=ultimate bearing capacity 

The job of a geotechnical engineer or a soil scientist is to ensure that both 

foundation and soil below are safe against failure and do not experience excessive 

settlement. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Description of Study Area 

The study was carefully carried out at six different locations which are underlain 

by two lithologic material, coastal plain sand and shale in Imo State, Nigeria. Imo 

State lies within Latitude 4045’N and 7015’N and Longitude 6050’E and 7025’E 

(Fig 3.1). The hydrology of the study area is governed by Imo River and other rivers 

such as Njaba, Otamiri, Oramirukpa, and Okitankwo Rivers etc. 

3.1.1   Geology and Geomorphology 

The soils of the study area are mostly derived from coastal plain sands (Benin 

Formation), shale (Bende - Ameki Formation), falsebedded sandstones (Ajali 

formation), Upper Coal Measures (Nsukka formation), Lower Coal Measures 

(Mamu formation), and Alluvium (Orajaka, 1975; Reyment, 1965). 

The area has generally lowland geomorphology, less than 130m above sea level.  

3.1.2   Climate 

Imo State falls under agro-ecological zone of tropical rain forest. It has seasonal 

rainfall amount of 1,200mm to 2,700mm (onset date: 7th March - 3rd April and 

cessation date: 3rd-16th November), mean annual temperature that range from 

260C to 320C and high relative  
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Fig 3.1: Map of Imo State Indicating the Sampling Sites 

 



31 
 

 

 

 

 

 

 

Fig 3.2: Geology Map of Imo State Indicating the Sampling Sites  

(N.G.S.A.,2012 ) 
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humidity (above 80%) during the rainy season (NIMET, 2012). The soil has 

isohyperthermic soil temperature regime (Anikwe et al., 2003). 

3.1.3 Vegetation 

Imo State is in the rainforest vegetation zone and is expected to have original 

vegetation of rainforest, but this vegetation has been drastically altered by 

anthropogenic activities with variety of plant types like cassava (Manihotspp), 

plantain (Musa spp), oil palm (Eleais guineesis), maize (Zea mays), yam 

(Dioscorea species), etc. 

3.1.4 Socio-economic activities 

In Imo State, agriculture, cottage industries, sand and stone mining and other 

activities are major socio economic activities in the area. About 70% of the total 

area is used as cultivated land. Slash – and - burn technique has been the major 

method of land clearing, whereas bush fallow is a soil fertility regeneration practice 

that has prevailed over the decades, whose length has been drastically reduced due 

to demographic pressure on land. (Onweremadu, 1994) 

3.1.5   Description of Sampling Site 

The study sites, co-ordinates, elevations and slope features are shown in Table 

3.1. The vegetation of the study areas are more of herbs and less of shrubs (Plate 1 

and Plate 2). Cassava and yam based cropping systems predominate with oil palm 

forming major plantation crop. 
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 At Amuro and Umuna, the crops looked healthier more greenish than crops seen 

at Ezelu, Obinze, Mgbirichi and Umuagwo (Plate 1 and Plate 2). In Amuro, high 

mould was used for crop cultivation to enhance aeration of soil during the wet 

season. There are visible cracks along the path way 

 Soils of Amuro, Umuna and Ezelu are on a gentle to undulating topography (1 –7 

%) while soils of Obinze, Umuagwo and Mgbirichi are on flat topography (0-1%). 

Local traps were also set in the bush of Amuro and Umuna for hunting purposes.  

Houses at Amuro and Umuna are mostly bungalow with cracks on the walls and 

pavement and most of the land are used for agricultural purpose. Whereas houses 

at Obinze, Umuagwo and Mgbirichi are mostly upstairs and duplexes and most of 

the land are used to erect high structures for schools, Hotels and fuelling stations. 

3.2 Field Study 

A reconnaissance visit was made in April, 2015, to the study sites underlain with 

these two lithologic materials with the help of geology map and free survey 

technique was used for sampling at the sites. The field work lasted from April to 

May, 2015. Areas that are undisturbed or with little disturbance are marked as the 

point for the location of the profile pits. A profile pit was dug at each location and 

described according to FAO guidelines for soil description (FAO, 2006) and 

sampled according to the genetic horizons from the bottom layer to the topmost 

layer and criteria for delineation include softness, presence of root, colour and 

presence of macro fauna. 
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Table 3.1 Co-ordinates, Elevations and Slope Features of Study Sites 

Study Sites Co-ordinates                     Elevations 
 

Slope features 

Amuro 5047.830’N, 7017.55’E 107m gentle 

Umuna 5047.073’N, 7014.917’E 106m gentle 

Ezelu 5045.551’N, 7013.329’E 129m undulating 

Obinze 5025’31”N, 6058’35”E 59m plain 

Mgbirichi 5021’23”N, 6057’8”E 56m plain 

Umuagwo 5018’26”N, 6057’8”E 49m plain 

 (Global Positioning Systems, GPS Receiver, Garmin Ltd, Kansas) 
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A total, 30 soil samples were collected. Samples collected were bagged and labeled 

properly for easy identification. In addition, one core sample per horizon was 

collected for bulk density determination. 

3.3 Laboratory Analysis 

The soil samples were first of all air dried and pulverized in order to reduce the 

effect of clods. Then samples for grain size analysis and shear strength 

determination were separated out. Soils for compaction test were sieved with 4.75 

mm sieve. Soil samples for Atterberg limits were sieved with 425µm sieve and 

2mm sieve was use to sieve the rest for other soil routine analysis. The soil samples 

were subjected to various physical, geotechnical and chemical laboratory analyses; 

the result of which were used for classification and evaluation of the sites. 

3.4 Soil Physical Properties 

Physical Properties analyzed include: 

3.4.1 Particle Size Determination 

Particle size distribution was determined by using hydrometer method according to 

Gee and Or (2002) using Calgon or sodium hexametaphosphate (NaPO3)6solution 

as dispersant. 

3.4.2  Bulk Density 

Bulk Density was determined by the core method as described by Grossman and 

Reinsch (2002) and calculated as; 
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Bulk Density = Mass of oven dried soil/ Volume of core sampler         (3.1) 

3.4.3 Gravimetric Moisture Content 

Moisture content was described gravimetrically (Gardener, 1986) and was 

calculated thus; 

% MC = (W2 –W3)/ (W3- W4) X 100                                     (3.2) 

Where; %MC= percentage moisture content 

               W1 = weight of moisture can 

              W2 = weight of air-dried soil + moisture can 

              W3 = weight of oven dried soil + moisture can 

 

3.4.4 Porosity 

Total porosity was calculated from the results of the bulk density (Vomocil, 1965): 

 TP = (1 – BD/PD) 100                                             (3.3) 

Where;  TP = total porosity 

                  BD = bulk density,  

PD = particle density (2.65 g/cm3). 

 

3.5 Chemical properties 

The chemical properties analyzed include;  

3.5.1 Soil pH 

Soil pH was measured in 1:2.5 soil/water suspensions (Hendershot et al., 1993). 
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3.5.2 Soil Organic Carbon and Organic Matter 

Soil organic carbon (SOC) was analyzed by Walkey and Black method as described 

by Nelson and Sommers (1982).  

Soil organic matter was derived by multiplying the value of soil organic carbon by 

a Van Bemmelen’s correction factor of 1.724. 

3.5.3 Total Nitrogen Percent  

Total Nitrogen Percent total nitrogen was measured by micro-kjeldahl digestion 

method (Bremner and Mulvaney, 1982). 

3.5.4 Available phosphorus  

Available phosphorus was determined colorimetrically using Bray (11) method 

(Olsen and Sommers, 1982).  

3.5.5 Exchangeable Bases 

Exchangeable bases (Sodium, Potassium, Calcium and Magnesium) were extracted 

using 1N NH4OAc. Exchangeable Mg and Ca were evaluated by ethylene diamine 

tetra acetic acid (EDTA) titration method (Thomas, 1988). Potasium (K) and 

Sodium (Na) were determined by flame photometry (Jackson, 1962). 

3.5.6  Exchangeable acidity  

Exchangeable acidity was evaluated titrimetrically (Mclean, 1965) 
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3.5.7 Effective Cation Exchange Capacity 

    Effective cation exchange capacity (ECEC) was calculated from the summation 

of all exchangeable bases and exchangeable acidity (IITA, 1982). 

3.6 Geotechnical Properties 

The geotechnical properties of soil analyzed included; 

3.6.1 Compaction characteristics 

The wet density and the dry density of the soils were determined with the help of 

Protor Mould (volume 1000cm3 and Mass of 4.5Kg.) and Rammer (2.5Kg and 

300mm fall). Compaction was effected in three layers, each being given 25 blows. 

The densities were calculated thus;  

Wet density   (ρb) = (M1 – M2)/1000 Mg/m3              (3.4) 

Dry density (ρd) = ρb/(1+w) Mg/m3                            (3.5) 

Where;  M1 = Mass of mould 

M2 = Mass of mould + soil 

w = moisture content  

 

3.6.2 Grain size distribution Analysis 

 The soil samples were passed through sieves of various sizes and the grains of soils 

retained in each sieve were weighed. The fines where determined using Hydrometer 

method.  
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3.6.3 Shear Strength Characteristics  

Shear Strength, angle of internal friction and the cohesion were determined by the 

method of shear box test ASTM D2487-11 (2000) specifications. 

3.6.4 Ultimate Bearing Capacity  

The general bearing capacity equation utilized in the study was that given by 

Terzaghi and Meyerhof (Coduto 1999) as follows;  

qf = cNc + qoNq+ ½ BγNγ                                             (3.6) 

Where;   qf = ultimate bearing capacity 

qo =  surcharge (i.e., weight of soil above the foundation 

level).  

 γ = unit weight of soil 

c = cohesion 

 B = width of foundation. 

 

Nc, Nq and Nγ are bearing capacity factors by Terzaghi (1943) and they 

depend on cohesion (c) and angle of internal friction () 

Surcharge (qo) and unit weight of soil (γ) are given below as equations (3.7) 

and (3.8), respectively: 

qo =γD       (3.7)            

    γ = ρg                  (3.8) 

Where;  D = depth of foundation 

ρ =specific gravity 

 g = acceleration due to gravity (approx. 10m/s2) 

 

3.6.5 Atterberg limits 

Atterberg limits were determined using Cassagrande method and plasticity index 

(PI) was calculated as liquid limit minus plastic limit (Grieve, 1980) in accordance 

to clause 4.5 and 5.3 part 2 of BS 1377 and BS 1990, respectively. 
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3.6.6 COLE and Volumetric Shrinkage 

The coefficient of linear extensibility (COLE) was calculated as described by 

Schafer and Singer (1976), thus: 

                  COLE = (Lm-Ld)/Ld                                               (3.9) 

Where;  Lm= length of moist soil,  

Ld= length of dry soil. 

 

Volumetric shrinkage (VS) was calculated from the COLE as: 

VS= [(COLE + 1)3 -1] 100      (3.10) 

Schafer and Singer (1976) described the ratings and classification of COLE and VS 

under their corresponding shrink-swell hazard as follows: 

COLE                    VS              Shrink-swell hazard rating 

<0.03                    <10                Slight 

0.03-0.06             10-20             Moderate 

0.06-0.09             20-30             Severe 

>0.09                    >30               Very Severe 

 

3.7 Soil Classification 

Soil samples were subjected to classification based on their morphological, 

physical and chemical properties according to USDA Soil Taxonomy and also 

World Reference Base (W.R.B.) and Unified Soil Classification System (USCS). 

3.8 DATA PRESENTATION 

Soil data were subjected to mean and coefficient of variation (Wilding, 1985).  
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Degree of relationship among soil formed under this two lithologic material was 

carried out using correlation analysis at P ≤ 0.05 and P ≤ 0.01 for significant 

difference.  

Regression Analysis among the soil properties with significant relation was also 

carried out at P ≤ 0.05 and P ≤ 0.01. 

 

 

 

 

 

 

 

 

 

Coefficient of Variation (%) Ranking 

< 15 Low Variation 

15 – 35 Medium Variation 

 >35 High Variation 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1   Soil Morphological Properties 

Results of the morphological properties of the soils studied were shown in Table 

4.1. 

4.1.1 Soil Colour 

The soils in the study sites were characterized with the presence of dark colour at 

the surface horizon in all pedons. Onweremadu and Oti, (2005), and Foth, (1984) 

stated that dark soil colour is related to high organic matter content of the soil. The 

effect of usually dark brown or black soil organic matter on soil colour is important 

not only for soil classification purposes, but also for ensuring good thermal 

properties, which in turn contribute to soil warming and promote biological 

processes (Schulze et al., 1993).  

Soils underlain by coastal plain sand were characterized with reddish colouration. 

These colours indicate a relatively high amount of iron oxide, which may be due to 

the parent material (Nkheloane et al., 2012). In soils underlain by shale at Umuna 

they are reddish brown to strong brown in colour and while those at Amuro are dark 

reddish brown at surface horizon with grey mottles in the subsurface horizon 

Apart from soil fertility evaluation, soil colour can be used to classify soil (Soil 

Survey Staff, 2003) and assess soil drainage (Foth, 1984). 
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 Table 4.1 Morphological Properties of Soils Studied 

Pedon 

ID 

Depth 

(cm) 

Horizon Moist Colour Textural  

Class 

Structure Consistency Mottle 

   Imo clay shale (Amuro)    
A1 0-10 A 2.5YR4

1⁄  Sandy clay 1graf Firm - 

A2 10-31 AB 5YR5
6⁄  Sandy clay 2sbkf firm - 

A3 31-65 BA 2.5YR7
2⁄  Clay 2msf v.firm present 

A4 65-98 Bg1 2.5YR8
4⁄  Clay loam 2msf e.firm present 

A5 98-150 Bg2 10R7
1⁄  Sandy Clay loam 2msf e.firm present 

   Imo clay shale( Umuna)    

U1 0-8 A 2.5YR2.5
2⁄  Loamy sand 1crm friable - 

U2 8-26 AB 5YR4
4⁄  Sandy loam 2bkm Firm - 

U3 26-60 Bt1 7.5YR4
6⁄  Sandy clay loam 3sbk v.firm - 

U4 60-87 Bt2 7.5YR5
6⁄  Sandy clay loam 3sbk v.firm - 

U5 87-110 Bt3 7.5YR5
6⁄  Sandy clay loam 3sbk v.firm - 

   Coastal plain Sand (Ezelu)    

E1 0-15 A 2.5YR4
1⁄  Sand 0sgm v.friable - 

E2 15-36 AB 2.5YR3
3⁄  Sand 0sgm v.friable - 

E3 36-80 Bt1 2.5YR6
4⁄  Loamy sand 1crm Friable - 

E4 80-120 Bt2 2.5YR3
6⁄  Loamy sand 1crm Friable - 

E5 120-205 Bt3 2.5YR4
8⁄  Sandy loam 1crm Firm - 

   Coastal Plain Sand (Obinze)   

O1 0-20 A 2.5YR2.5
1⁄  Loamy sand 1crc Friable - 

O2 20-50 AB 2.5YR3
2⁄  Loamy sand 1crm Friable - 

O3 50-130 Bt1 2.5YR4
4⁄  Sandy loam 1bk Firm - 

O4 130-180 Bt2 2.5YR4
8⁄  Sandy loam 2bk Firm - 

O5 180-210 Bt3 2.5YR5
6⁄  Sandy loam 2bk Firm - 

   Coastal Plain Sand (Mgbirichi)    

M1 0-25 A 2.5YR3
2⁄  Sandy loam 1crm Friable - 

M2 25-60 AB 2.5YR5
3⁄  Sandy loam 1crm Firm  - 

M3 60-110 BA 2.5YR5
6⁄  Sandy loam 1bkm Firm - 

M4 110-140 Btg 2.5YR6
6⁄  Sandy loam 2bkm Friable - 

M5 140-200 Bt1 2.5YR6
6⁄  Sandy loam 2bkf Firm - 

   Coastal Plain Sand (Umuagwo)    
P1 0-25 A 5YR3

3⁄  Loamy Sand 1crm Friable - 

P2 25-35 AB 2.5YR5
4⁄  Loamy Sand 1crm Friable - 

P3 35-95 Bt1 2.5YR3
6⁄  Sandy loam 2bkm Firm - 

P4 95-150 Btg 2.5YR4
6⁄  Sandy loam 2bkm Firm - 

P5 150-220 Bt2 2.5YR6
6⁄  Sandy loam 2bkm Firm - 

Structure; 0- structureless, 1- weak, 2- moderate, 3- strong, gr- granular, cr- crumb, bk- blocky, ms- massive, f- fine, 

m- medium, c- coarse. Consistency; v- very, e- extremely. 

 



44 
 

Soil colour is a cheap indicator of soil quality which provides valuable clues to the 

nature of other soil properties and conditions (Ahukaemere et al., 2012).  

4.1.2 Soil Structure and Consistency 

The soils underlain by shale had more structural development (presence of strong 

massive and strong sub-angular peds) than soil underlain by coastal plain sand 

(structureless to moderate crumb and blocky peds). These structural developments 

of soils form from shale were likely to be as a result of the clay content of the soils. 

The consistency of soil underlain by shale ranged from firm to extremely firm while 

that of soil underlain by coastal plain sand ranges from friable to firm down the 

profile. This can also be attributed to textures of these soils. 

4.2 Physical properties 

Selected physical properties of the soils studied are presented in Tables 4.2 and 4.3. 

4.2.1 Soil Texture 

Sand-sized particles dominated other primary particles in the study sites 

irrespective of the parent material from which soils were formed over. Soil formed 

over Coastal plain sand had the higher sand fraction. The higher sand values could 

be attributed to the parent material of the area. Sand fraction generally decreased 

down the profile with mean as follows; 479.2g/kg at Amuro, 692g/kg at Umuna, 

857g/kg at Ezelu, 822g/kg at Obinze, 788.8g/kg at Mgbirichi and 824g/kg at 

Umuagwo. 
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CV-Coefficient of Variation, *- Low variation, **- Medium Variation, ***- High Variation 

Pedon 
ID 

Depth 
(cm) 

Horizon Sand Silt  
 

Clay Silt:Clay 
Ratio 

Textural  
Class 

Moisture 
Content 

Porosity Bulk density 
(Mg/m3) 

(g/kg) (g/kg) 

                Amuro     

A1 0-10 A 560.8 80 359.2 0.22 Sandy clay 297 615 1.02 
A2 10-31 AB 476.8 100 433.2 0.23 Sandy clay 160 589 1.09 

A3 31-65 BA 416.8 140 443.2 0.31 Clay 326 577 1.12 

A4 65-98 Bg1 440.8 160 399.2 0.4 Clay loam 331 574 1.13 
A5 98-150 Bg2 500.8 160 339.2 0.47 Sandy Clay loam 353 513 1.29 

  Mean 479.2 128 394.8 0.33  293.4 573.6 1.13 

  CV 11.7 28.4 11.5 32.9  26.3 65.4 8.8 

  CV Ranking * ** * **  ** *** * 

   Umuna     

U1 0-8 A 840.8 40 119.2 0.33 Loamy sand 174 542 1.21 

U2 8-26 AB 740.8 100 159.2 0.63 Sandy loam 156 479 1.38 
U3 26-60 Bt1 640.8 100 259.2 0.38 Sandy clay loam 191 467 1.41 

U4 60-87 Bt2 656.8 80 263.2 0.3 Sandy clay loam 217 449 1.46 

U5 87-110 Bt3 580.8 100 319.2 0.31 Sandy clay loam 242 464 1.42 

  Mean 692 84 224 0.39  196 480.2 1.38 

  CV 14.4 31.0 36.7 35.3  17.4 7.5 7.0 

  CV Ranking * ** ** ***  ** * * 

Table 4.2: Physical Properties of Soils Underlain by Shale 
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Table 4.3: The Physical Properties of Soils Underlain by Coastal Plain Sand 

Pedon 
ID 

Depth 
(cm) 

Horizon 
Designation 

Sand Silt  
 

Clay Silt:Clay 
Ratio 

Textural  
Class 

Moisture 
Content 

Porosity Bulk density 
(Mg/m3) 

(g/kg) (g/kg) 

   Ezelu     

E1 0-15 A 906.8 10 83.2 0.12 Sand 75 460 1.43 

E2 15-36 AB 896.8 30 73.2 0.40 Sand 63 426 1.52 

E3 36-80 Bt1 860.8 22 119.2 0.18 Loamy sand 131 407 1.57 

E4 80-120 Bt2 840.8 55 109.2 0.50 Loamy sand 182 441 1.48 

E5 120-205 Bt3 780.8 20 199.2 0.10 Sandy loam 197 430 1.51 

  Mean 857 24.4 116.8 0.26  143.3 432.8 1.5 

  CV 5.8 62.0 42.6 69  42.2 4.5 3.4 

  CV Ranking * *** *** ***  *** * * 

   Obinze     

O1 0-20 A 860.8 20 119.2 0.17 Loamy sand 135 464 1.42 

O2 20-50 AB 876.8 20 103.2 0.19 Loamy sand 126 441 1.48 
O3 50-130 Bt1 820.8 20 159.2 0.13 Sandy loam 137 404 1.58 

O4 130-180 Bt2 780.8 60 159.2 0.38 Sandy loam 120 407 1.57 

O5 180-210 Bt3 780.8 50 179.2 0.27 Sandy loam 123 419 1.54 

  Mean 822 34 144 0.23  128.2 427 1.52 

  CV 5.7 57.3 21.9 43.5  5.8 5.9 4.4 

  CV Ranking * *** ** ***  * * * 

   Mgbirichi     

M1 0-25 A 810.8 50 139.2 0.36 Sandy loam 111 555 1.18 

M2 25-60 AB 780.8 40 179.2 0.22 Sandy loam 114 494 1.34 

M3 60-110 BA 770.8 30 199.2 0.15 Sandy loam 125 441 1.48 

M4 110-140 Bg 820.8 40 139.2 0.29 Sandy loam 142 419 1.54 
M5 140-200 Bt1 760.8 40 199.2 0.2 Sandy loam 164 411 1.56 

  Mean 788.8 40 171.2 0.24  131.2 464 1.42 

  CV 3.2 17.7 17.7 33.6  16.8 13.0 11.2 

  CV Ranking * ** ** **  ** * * 

   Umuagwo     

P1 0-25 A 860.8 20 119.2 0.17 Loamy Sand 103 521 1.27 

P2 25-35 AB 840.8 20 139.2 0.14 Sandy loam 84 413 1.55 

P3 35-95 Bt1 790.8 10 199.2 0.05 Sandy loam 142 419 1.54 

P4 95-150 Btg 836.8 20 143.2 0.14 Sandy loam 156 407 1.57 

P5 150-220 Bt2 790.8 29 189.2 0.15 Sandy loam 157 441 1.48 

  Mean 824 19.8 158 0.13  128.4 440.2 1.48 

  CV 3.8 34 21.8 35.7  25.8 10.7 8.3 

  CV Ranking * ** ** ***  ** * * 

CV-Coefficient of Variation, *- Low variation, **- Medium Variation, ***- High Variation 
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Clay contents had irregular distribution, but were observed to increase with depth.  

Esu (2005) described this as clay migration by lessivage to produce the process of 

illuviation. Highest clay values were recorded from soils formed on shale. Mean clay 

contents recorded were 394.8g/kg at Amuro, 224g/kg at Umuna, 116.8g/kg at Ezelu, 

144.2g/kg at Obinze, 171.2g/kg at Mgbirichi and 158g/kg at Umuagwo. Igwe et al. 

(1999), observed as they reported that soils derived from different geologic 

formations varied in particle size distribution. 

Texture varied between sandy clay, clay, clay loam, loamy sand, sandy loam and 

sandy clay loam in soils formed over shale (Amuro and Umuna). Soils formed over 

Coastal plain sand were generally sand, loamy sand and sandy loam.  

The variation in texture reflected the differences in parent materials. Ezenwa (1987) 

observed that parent material is a major factor determining the texture of soils. 

Texture has a profound influence on many soil properties and it affects the suitability 

of a soil for most uses (Brady and Weil, 2002). 

Soil texture, especially clay content, affects soil behaviors, fertility, water and 

nutrient holding capacities as well as plant root movement (Esu. 1987). 

This indicates that Amuro and Umuna with high clay content would probably hold 

more water and nutrient. 

4.2.2 Bulk Density 

Bulk densities of the soils increased with soil depth primarily because of less organic 

matter present in the sub-surface horizons. The highest bulk densities values were 

found in the deepest horizons with corresponding low organic matter. Akamigbo 

(1999) reported that low soil organic matter was responsible for increased bulk 

density in cultivated soils of Southeastern Nigeria. Several other authors have 
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reported the significant influence of organic matter on soil bulk density (Ahukaemere 

et al., 2012, Onweremadu et al., 2009). However, results on bulk densities were less 

than the critical limits for root restriction (1.75 – 1.85 gcm-3) (Soil Survey Staff, 

1996).  

4.2.3 Soil Moisture Content 

Higher moisture contents were observed at soils formed from shale (Amuro followed 

by Umuna) than soils derived from coastal plain sand. 

This highest moisture content observed from soil in Amuro could probably be due to 

its higher clay content. The lower moisture content observed at Ezelu, Obinze, 

Mgbirichi and Umuagwo could be as a result of the sandy texture and the tendency 

of the soils to dry up when they are exposed to intense isolation (Obihara, 1961). 

Moisture content increased as depth increased. 

4.2.4 Soil Porosity 

  The average porosity was higher in soils underlain by shale (ranged 449-615g/kg) 

than soil underlain by coastal plain sand (ranged 404-555g/kg). This could be as a 

result of good aggregate formation by clayey soil leading to macropores.  

The percentage porosity was high in the top soil of all pedons due to the presence of 

organic matter which help to improve soil structure by increasing the soil specific 

surface area. However, porosity declined down the profile due to the clay content 

which enters into the soil pores and blocks them thereby reducing the total porosity 

(Ernest, 2010). 

The movement of moisture and air through the soil will be dependent on the porosity 

of the soil which is influenced markedly by the soil structure and particle sizes 



49 
 

(Ogbodo et al., 2012). Porosity is inversely proportional to bulk density, the higher 

the bulk density, the smaller the porosity.  

4.3.0 Chemical Properties 

Selected chemical properties of the soils studied are presented in Table 4.4 and 4.5 

4.3.1 Soil pH 

pH in water was higher in Shale (pH range: 6.2-6.9) than in Coastal plain sand (pH 

range: 4.1-6.2). The degree of leaching, nature of the parent material, dominant clay 

mineralogy and intensity of microbial activities going on within the soils are likely 

factors affecting the pH of the soil. 

According to Landon (1991), pH range of 5.6 to 6.5 provides the most satisfactory 

plant nutrient levels for most crops. Thus, giving the pH of soils formed from Shale, 

it can be asserted that the soils are more fertile and preferred for farming in relation 

to soil formed underlain by coastal plain sand. Low pH values recorded in soils 

underlain by coastal plain sand (<5) could be due to the dominance  of Al++ and H+ 

ions in the soil exchange complex (Soil Survey Staff, 2003). The higher pH values of 

the soils underlain by shale were attributed to the higher Ca and Mg levels. These 

elements naturally displaced H+ ion from the exchange complex into the soil solution. 
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Pedon 
ID 

Depth 
(cm) 

pH 
(H2O) 

O.C. O.M.           
 

(g/kg) 

Total 
N 

 

Avai.P 
 

(mg/kg) 

Al3+ H+ TEA Ca Mg Na K TEB ECE
C 

Al Sat BS 
 

                                                     (Cmol/kg) (g/kg) 

   

Amuro 

    

A1 0-10 6.3 1.81 3.12 0.156 12.88 1.12 0.72 1.84 2.00 1.20 0.08 1.5 4.78 6.62 16.9 72.2 

A2 10-31 6.4 1.31 2.26 0.113 15.61 6.72 2.40 9.12 2.10 1.46 0.15 0.1 3.81 12.93 51.9 29.5 
A3 31-65 6.4 1.13 1.95 0.098 13.79 7.12 2.12 9.24 1.60 0.50 0.19 0.7 2.99 12.23 58.2 24.4 

A4 65-98 6.8 0.93 1.60 0.080 12.60 1.92 6.92 8.84 2.24 1.44 0.18 0.9 4.76 13.60 14.1 35.0 

A5 98-150 6.9 0.93 1.60 0.080 13.93 12.0 0.76 12.84 2.35 1.56 0.32 1.2 5.43 18.27 65.6 29.7 

 Mean 6.56 1.22 2.1 0.1 13.8 5.8 2.6 8.4 2.1 1.2 0.18 0.9 4.35 12.7 41.3 38.2 

 CV 4.1 29.8 29.9 29.8 8.6 76.7 98.3 47.8 14.0 34.9 47.5 60.3 22.0 32.6 58.3 50.8 

 Ranking * ** ** ** * *** *** *** * ** *** *** ** ** *** *** 
  Umuna     

U1 0-8 6.5 1.25 2.16 0.108 13.09 0.40 0.92 1.32 0.46 0.21 0.08 1.1 5.43 6.75 5.9 80.0 

U2 8-26 6.2 1.09 1.88 0.094 12.74 2.00 1.52 3.52 1.15 1.73 0.10 0.6 3.58 7.10 28.2 50.4 
U3 26-60 6.5 0.87 1.50 0.075 13.93 3.92 0.48 4.40 1.01 0.59 0.05 1.3 2.95 7.35 53.3 40.1 

U4 60-87 6.6 0.85 1.47 0.074 11.76 0.72 1.08 1.80 0.37 0.30 0.09 2.4 3.16 4.96 14.5 61.6 

U5 87-110 6.6 0.81 1.40 0.070 7.84 3.64 1.25 12.84 0.94 0.50 0.10 1.1 2.64 7.53 48.3 35.1 

 Mean 6.5 0.97 1.7 0.08 11.9 2.2 1.1 3.2 0.79 0.67 0.08 1.3 3.6 6.7 30.0 53.4 

 CV 2.5 19.3 19.4 19.3 20.1 75.8 40.7 49.4 44.3 92.1 24.7 51.3 31.1 15.3 68.9 33.7 

 Ranking * ** ** ** ** *** *** *** *** *** ** *** ** ** *** ** 

Table 4.4 Chemical Properties of Soils Underlain by Shale   

 

O.C- organic carbon, O.M- organic matter, N-nitrogen, P-phosphorus, TEA-Total Exchangeable Acidity, TEB- Total Exchangeable Base, ECEC- Effective Cation 

Exchangeable Capacity, BS-Base Saturation, Al Sat- Aluminium Saturation  
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Pedon 

ID 

Depth 

(cm) 

pH 

(H2O) 

O.C. 

 

O.M.           

 

(g/kg) 

Total 

N 

 

Avai.P 

(mg/kg) 

Al3+ H+ TEA Ca Mg Na K TEB ECE

C 

Al Sat BS 

 

                                       (Cmol/Kg)             (g/kg) 

  Ezelu   

E1 0-15 6.2 1.43 2.47 0.124 18.13 - 0.44 0.44 0.72 1.07 0.12 2.0 3.91 4.35 - 89.9 

E2 15-36 4.1 0.87 1.50 0.075 12.81 0.32 0.72 1.04 0.59 0.53 0.09 0.5 1.71 2.75 11.6 62.2 
E3 36-80 5.8 0.75 1.29 0.065 12.95 - 0.80 0.80 0.37 1.23 0.06 0.3 1.96 2.76 - 71.0 

E4 80-120 6.1 0.89 1.53 0.077 12.18 0.72 0.80 1.52 0.37 1.80 0.09 0.2 2.46 3.98 18.1 61.8 

E5 120-205 5.5 0.81 1.40 0.070 11.65 0.92 0.84 1.76 0.48 0.38 0.11 0.9 1.87 3.63 25.3 51.1 

 Mean 5.5 0.95 1.6 0.08 13.5 0.65 0.72 1.11 0.51 1.0 0.09 0.78 2.38 3.5 18.3 67.2 

 CV 15.3 28.8 29.0 29.0 19.3 46.8 22.6 48.0 29.7 57.0 24.5 93.9 37.7 20.6 37.3 21.6 

 Ranking * ** ** ** ** *** ** *** ** *** ** *** *** **    ** ** 

                                  Obinze      

O1 0-20 5.1 1.35 2.33 0.117 13.79 - 0.44 0.44 0.82 0.25 0.11 0.8 1.98 2.42 - 81.8 

O2 20-50 4.3 0.99 1.71 0.086 14.00 - 0.72 0.72 0.56 0.31 0.14 0.1 1.11 1.83 - 60.7 

O3 50-130 4.8 0.87 1.50 0.075 12.60 0.40 0.68 1.08 0.77 0.83 0.09 0.6 2.29 3.37 11.8 68.0 

O4 130-180 4.4 0.83 1.43 0.072 15.19 0.92 0.06 0.98 0.51 0.40 0.11 2.0 3.02 4.00 23 75.5 
O5 180-210 5.1 0.81 1.40 0.070 13.93 0.60 0.80 1.40 0.83 0.78 0.13 1.1 2.84 4.24 14.2 67.0 

 Mean  4.7 0.97 1.67 0.08 13.9 0.64 0.54 0.92 0.70 0.51 0.12 0.92 2.3 3.2 16.3 70.6 

 CV 8.0 23.1 23.1 23.2 6.6 41.0 55.6 39.4 21.7 52.8 16.8 76.6 33.8 32.4 36.1 11.6 

 Ranking * ** ** ** * *** *** *** ** *** ** *** ** ** ** * 

                                                    Mgbirichi        

M1 0-25 5.3 1.33 2.29 0.115 14.63 0.64 0.80 1.44 0.88 0.56 0.07 0.2 1.75 3.19 20.1 54.8 

M2 25-60 4.2 1.07 1.84 0.092 12.95 1.32 1.00 2.32 0.56 0.82 0.09 0.1 1.57 3.89 33.9 40.4 

M3 60-110 4.3 0.97 1.97 0.099 12.48 1.44 0.68 2.12 0.40 0.13 0.09 1.0 1.62 3.74 38.5 43.3 

M4 110-140 4.8 0.85 1.47 0.074 12.39 1.48 1.08 2.56 0.40 0.18 0.19 3.2 3.97 6.53 22.7 60.8 

M5 140-200 4.8 0.87 1.50 0.075 12.53 1.80 0.52 2.32 0.56 0.53 0.12 2.2 3.41 5.73 31.4 59.5 

 Mean 4.68 1.02 1.8 0.09 13.0 1.34 0.82 2.15 0.56 0.44 0.11 1.34 2.5 4.6 29.3 51.8 

 CV 9.5 19.2 18.9 18.9 7.2 32 28.1 19.9 35 64.7 42.1 99.8 46.2 31.1 26.3 18.1 

 Ranking * ** ** ** * ** ** ** ** *** *** *** *** ** ** ** 

                                                                                Umuagwo        

P1 0-25 5.6 1.27 2.18 0.109 16.87 - 1.04 1.04 0.83 0.50 0.05 0.6 1.98 3.02 - 65.6 

P2 25-35 4.8 1.01 1.74 0.087 13.44 0.48 0.72 1.20 0.85 0.43 0.12 1.8 3.20 4.40 10.9 72.7 

P3 35-95 4.2 0.97 1.67 0.084 13.44 0.64 1.60 2.24 0.50 0.06 0.08 1.9 2.54 4.78 13.4 53.1 

P4 95-150 4.4 0.97 1.67 0.084 12.32 1.04 0.84 1.88 0.31 0.14 0.12 2.3 2.87 4.75 21.9 60.4 

P5 150-220 4.8 0.85 1.46 0.073 11.69 1.01 0.72 1.73 0.62 0.29 0.13 2.4 3.44 5.17 19.5 66.5 

 Mean 4.76 1.01 1.74 0.09 13.6 0.79 0.98 1.61 0.62 0.28 0.1 1.8 2.8 4.4 16.4 66.7 

 CV 11.3 15.3 15.2 15.1 14.8 34.9 37.4 30.5 36.6 65.6 33.9 39.9 20.4 18.8 31.3 11.5 

 Ranking * ** ** ** * ** *** ** *** *** ** *** ** ** ** * 

Table 4.5 Chemical Properties of Soils Underlain by Coastal Plain Sand  

 

O.C- organic carbon, O.M- organic matter, N-nitrogen, P-phosphurus, TEA-Total Exchangeable Acidity, TEB- Total Exchangeable Base, ECEC- Effective Cation 

Exchangeable Capacity, Al Sat – Aluminium Saturation, BS-Base Saturation 
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4.3.2 Organic Carbon and Organic Matter 

Generally, organic carbon contents which translate into organic matter content 

decreased down the profile in all the pits. The higher proportion of organic matter in 

the surface horizons of the soils studied could be due to the fact that most of the 

organic residues are incorporated or deposited on the soil surface. Furthermore, high 

quantity of organic matter reported in the surface soils could be explained by their 

dark colour and considerable low bulk density of these horizons. Organic matter 

reflects the level of soil fertility in the tropics (Opara-Nadi, 1988). It has been 

reported to have significant positive influence on soil pH, cation exchange capacity, 

colour, buffering capacity, base saturation and water holding capacity (Akamigbo, 

1999) and effective cation exchange capacity (Onasanya, 1992). 

4.3.3 Total Nitrogen 

Total nitrogen ranging from 0.07g/kg to 0.15g/kg were obtained across the soils 

studied  Total nitrogen across the studied soils were rated low when compared with 

the critical value of 0.15% (1.5g/kg) reported by Agboola and Carey, (1975)  and also 

critical level of 2% (20 gkg-1) reported by Chude et al., (2011) in soils of southeastern 

Nigeria. This could be a consequent of soil reaction, temperature and rainfall pattern 

of the area. Landon (1991) reported the range of 0.1 – 0.2% of total N to be low in 

soils of the tropics.  

4.3.4 Available Phosphorus   

The available P contents of the soils were rated low as values were between the 

critical levels of 10 – 16 mgkg-1 (Adeoye and Agboola, 1985) and 15mgkg-1 (FPDD, 

1990). Low level of available P indicates that P may be chemically bound as 
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phosphates of Fe and Al owing to the observed acidity of the soil of the study area 

(Effiong et al., 2006) or due to absolute low value of soil P or that P is removed by 

sedimentation (Ogban, 1999; Patrick, 1990). 

Concisely, low available P obtained across the studied soils could be a reflection of 

the organic matter contents of the soils. Idigbor, et al., (2008) reported the influence 

of soil organic matter on phosphorus availability in soils of Southeastern Nigeria. 

4.3.5 Total Exchangeable Bases (TEB) 

Total exchangeable bases (TEB) were higher in soils formed from shale (ranged from 

2.63- 5.43Meq/100g) than soil formed from coastal plain sand (ranged from 1.11-

3.97Meq/100g). 

The low contents of basic cations in soils underlain by coastal plain sand may be due 

to intense leaching (sandy nature), weathering (heavy tropical rainfall) and ferrolysis, 

hence low inherent fertility status with regards to the major nutrients. This was in 

agreement with the findings of Olaleye (1998) and Fasina (2005). 

Exchangeable calcium was always higher in the surface soil layers than in subsoils. 

As commonly observed in soils of the tropics the surface soil layers were much more 

fertile than the subsoils 

(Oti 2002; Mbagwu 1992). 

4.3.6 Total Exchangeable Acidity 

Total exchangeable acidity was higher in soil underlain by shale than in soils 

underlain by coastal plain sand. Aluminium hydrolysis reactions, which follow the 
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displacement by H+ ions of aluminium in minerals, may be responsible for much of 

the acidity in very acid soils (Brady and Weil, 2002). 

4.3.7 Effective cation exchange capacity (ECEC) 

Effective cation exchange capacity (ECEC) increased down the profiles in all the 

pedons. Effective cation exchange capacity (ECEC) was higher in soils formed from 

shale than soil formed from coastal plain sand. (Tables 4.4 and 4.5) 

The higher effective cation exchange capacity and organic matter in the shale agrees 

with Allen (2001) that parent material greatly influences nutrient content and 

mineralogy of the weathering product in soils. 

This also confirmed that the soil formed from coastal plain sand is excessively 

leached probably because of the texture. Low cation exchange capacity which is a 

consequence of low clay and organic matter content, renders soils unsuitable for 

intensive agriculture (Kparmwang et al., 2004). Values  < 8-10 Meq/100g are 

stipulated as indicative minimum values in the top 30cm of soils for satisfactory crop 

production in (FAO, 1979). 

4.3.8 Percentage Aluminium Saturation 

The percentage aluminium saturation was higher in soils formed over shale than soils 

formed over coastal plain sand. This could be attributed to the clay content of these 

soils. Soil clay minerals contain aluminium but it has no impact on plant productivity 

unless pHw fall below 5.4. 

4.3.9 Percentage Base Saturation 

The mean base saturation percentage values ranged between 24.4%- 89.9%, though 

between 50%, the separating index between fertile and less fertile soil (Landon, 



55 
 

1984).  However, Astera (2008) noted that the strongest, healthiest and nutritious 

crops are grown in soils where percentage base saturation is above 90%, this provides 

luxury levels of nutrients to crop and soil life. 

  

4.4. Geotechnical Properties of Soil 

Results of geotechnical properties are presented in Table 4.6 

4.4.1 Atterberg Limits 

According to the ranking of compressibility using liquid limit by Smith (1979), 

Amuro and Umuna showed high compressibility (LL > 50%) and intermediate 

compressibility was shown in the other profile (35% - 50%).  

Brady and Weil (2002) noted that high porosity of clay floccules and the flake-like 

shape of clay particles give clayey soils much greater compressibility than sandy soils 

which resist compression once the particle is settled into tight parking arrangement. 

This is to say that sandy soils make excellent soil to bear foundation than clayey soil.  

Soils formed over coastal plain sand had generally lower plasticity index than soil 

formed over Imo clay shale using plasticity classification according to Smith (1990). 

He earlier noted that for a given soil, the plasticity index increases in proportion to 

the percentage of clay particles in the soil.  

Amuro and Umuna soil had Plasticity index (PI) above 50%while soil at Ezelu, 

Obinze, Mgbirichi and Umuagwo had PI less than 25%. Soils with plasticity index < 

25% have low swelling potential while soils with PI above 50% have high swelling 

potentials (O’Neill and Poormoayed, 1980). 
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Table 4.6: Geotechnical Properties of Soil 

 

VS - Volumentric Shrinkage,  τ – Shear strength , OMC – Optimum Moisture content, MDD – Maximum Dry Density, LS – Linear Shrinkage, PI- Plasticity Index, 

LL – Liquid Limit, PL-Plastic Limit, Ø0- Angle of internal Friction, C- Cohesion, qult- Ultimate Bearing Capacity.

Site location LL 

(%) 

PL 

(%) 

PI 

(%) 

LS 

(%) 

MDD 

(Mg/m3) 

OMC 

(%) 

Grain size Distribution 

               (%) 

COLE VS    τ 

(KN/m2) 

Ø0 C 

(KN/m2) 

qult 

(KN/m2) 

Sand Clay Silt gravel 

Amuro 65.5 22.5 43.3 24 1.32 34 16 20 11 53 0.32 130.0 72.32 16.1 21.0 303.0 

Umuna 56.6 21.0 35.6 14 1.5 20 48 22 11 19 0.16 56.1 80.00 20.3 14.0 326.0 

Ezelu 35.7 24.4 11.3 6 1.61 17.2 75.8 15 9 0.2 0.06 19.1 91.40 25.4 7.0 379.0 

Obinze 31.5 17.6 13.9 6 1.78 14 80 14 6 - 0.06 19.1 95.80 27.3 4.0 415.1 

Mgbirichi 35.0 19.6 15.5 7 1.75 14.0 80 18 2 - 0.06 19.1 96.40 27.2 5.0 428.0 

Umuagwo 40.8 27.1 13.7 6 1.70 14.4 80 15 5 - 0.06 19.1 93.00 26.6 4.0 363.0 
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4.4.2 Linear Shrinkage 

Linear Shrinkage was observed to be higher in soils formed over Imo Clays Shale 

(Amuro- 24%, and Umuna – 14%) than in soils formed over coastal plain sand (Ezelu, 

Obinze, Umuagwo – 6%, Mgbirichi- 7%). According to Altemeyer (1955), soils with 

linear shrinkage 5-8 have marginal degree of expansion while soils with linear 

shrinkage > 8% have critical degree of expansion. 

 

4.4.3 Compaction Characteristics 

Higher values of maximum dry density were recorded in soils formed over coastal 

plain sand with lower optimum moisture content against soil formed over shale which 

had lower maximum dry density with higher optimum moisture content.  Soils with 

high maximum dry density at low optimum moisture content is use in construction 

of civil engineering structures such as highways, embankments, dams, foundations, 

etc. (Smith 1979) 

4.4.4The grain size distribution 

The grain size distribution showed the presence of gravel (53% in Amuro and 19% 

in Umuna) in soils formed over shale. The presence of this rock fragment probably 

implies that shale is more resistant to forces of weathering than coastal plain sand. 

No gravel was observed in soils formed over coastal plain sand. 

4.4.5 Coefficient of Linear Extensibility (COLE) 

Very high Coefficient of Linear Extensibility (COLE) was observed in soil formed 

over shale than soil formed over coastal plain sand. Amuro (0.32) and Umuna (0.16) 

had COLE > 0.09, which falls within very severe Shrink-Swell hazard rating by 

Schafer and Singer (1976). Soils formed over coastal plain sand (Ezelu, Obinze, 
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Umuagwo and Mgbirichi) fell in their moderate (COLE= 0.03-0.06) shrink-swell 

hazard rating. This shrink and swell action can easily crack foundation, cause even 

heavy retaining walls to collapse, and also the soil becomes extremely sticky and 

difficult to work when they are wet (Brady and Weil, 2002) 

4.4.6 Volumetric Shrinkage 

Volumetric shrinkage was also very high (>30) in soils formed over shale (Amuro = 

130, and Umuna = 56) to compare with soil formed over Coastal plain sand (Ezelu, 

Obinze, Umuagwo and Mgbirichi) which is moderate (10-20) (Schafer and Singer, 

1976). 

4.4.7 Shear Strength 

Soils formed from coastal plain sand had more shear strength (range of 91.40KN/m2 

-96.40KN/m2) than soil formed from Imo clay shale (range of 72.32KN/m2 – 

80KN/m2). The strength of soil describes the ultimate state of stress that it can sustain 

before it fails (Atkinson, 2007). Arora (2011) stated that it is the principal engineering 

property which controls the stability of a soil mass under load. 

4.4.8 Cohesion 

Cohesive strength (cohesion) was more in soils underlain by shale (Amuro and 

Umuna) than in soils underlain by coastal plain sand.(Ezelu, Obinze, Umuagwo and 

Mgbirichi). Cohesion is the resistance due to forces tending to hold the soil particle 

together in a solid mass (Smith, 1979). This is more evident is clayey soil. 

4.4.9 Ultimate Bearing Capacity 

The soils underlain by coastal plain sand had more ultimate bearing capacity than soil 

underlain by shale. This show that soils formed over Coastal plain sand will sustain 

more imposed stress than soil formed over shale.  
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One of the main steps for the safe and economic design of foundation is based on the 

concept of “bearing capacity” which is the ability of a soil to hold up a foundation 

and structure. 

The bearing capacity of soil determines the nature and type of foundation required to 

set up any structure (Atkinson, 2007). 

Excessive pressure is comparatively uncommon cause of settlement (Khanna, 2008).  

The soil must be capable of carrying the load from any farm structure placed upon it 

without a shear failure and with the resulting settlement being tolerate for that 

structure (Bowles, 1997). 

4.5 Soil classification 

The soils of the study area were classified according to USDA soil taxonomy (Soil 

Survey Staff, 2010) and correlated with World Reference Base (2006) and Unified 

Soil Classification System (USCS) (Table 4.7). 

The mean annual soil temperature of the soils of the study areas were above 250C 

(isohyperthermic) and they have Udic moisture regime. 

 

4.5.1 USDA Soil Taxanomy and World Reference Base (WRB) 

Soils from Amuro were classified using USDA soil taxonomy as Vertic Hapludult 

because of presence of swelling clay. It was placed at sub-order of Udult because of 

the Udic moisture regime.  

Under World Reference Base (WRB), soils at Amuro were classified as Vertic 

Cambisols because of cambic horizon starting within 50cm from soil surface. Soil at 

Umuna were classified as Typic Hapludult using USDA soil taxonomy and Haplic 

Nitisols (WRB) because of presence argillic horizon. 
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The soils from Ezelu were classified using USDA soil taxanomy as Psammentic 

Hapludults and Arenic Acrisols (WRB) because of the sandy nature and poor 

aggregate formation. 

The soils from Obinze, Umuagwo, and Mgbirichi are classified using USDA soil 

taxonomy as Typic Hapludult and Nitic Acrisols under World Reference Base 

(WRB) 

 4.5.1 Unified Soil Classification 

Soil at Amuro is classified as Coarse-Grained because > 50% was retained on sieve 

No 200. It falls under Gravels because more than 50% of the coarse fraction was 

retained on sieve No 4. They also fall within the row of Gravels with fines because 

they have more than 12% fines. From the Plasticity chart, (Atterberg limits fall above 

A-line and PI > 7%), fines are classified as CH (high compressibility). The group 

symbol is GC (Clayey Gravel) 

Soil at Umuna was classified as Coarse-Grained because > 50% was retained on sieve 

No 200. It falls under Sands because more than 50% of the coarse fraction passed 

sieve No 4. They also fall within the row of Sands with fines because they have more 

than 12% fines. From the Plasticity chart, (Atterberg limits fall above A-line and PI 

>7%), fines are classified as CH (high compressibility). The group symbol is SC 

(Clayey Sands) 

Soils at Ezelu, Obinze, Mgbirichi and Umuagwo were classified as Coarse-Grained 

because > 50% was retained on sieve No 200. The fall under Sands because more 

than 50% of the coarse fraction passed sieve No 4. They also fall within the row of 

Sands with fines because they have more than 12% fines. 
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Table 4.7: Classifications of Soils. 

Soil Location USDA WRB USCS 

Amuro Vertic Hapludult Vertic Cambisol Clayey Gravel (CH) 

Umuna Typic Hapludult Haplic Nitisols Clayey Sand (SC) 

Ezelu Psammentic Hapludult Arenic Acrisols Silty Sand (SM) 

Obinze Typic Hapludult Nitic Acrisols Clayey Sand (SC) 

Mgbirichi Typic Hapludult Nitic Acrisols Clayey Sand (SC) 

Umuagwo Typic Hapludult Nitic Acrisols Silty Sand (SM) 
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From the Plasticity chart, Atterberg limits of Ezelu and Umuagwo fall below A-line 

while Atterberg limits of Obinze and Mgbirichi fall above A-line and PI > 7%. The 

group name for Ezelu and Umuagwo is classified SM (Silty Sands). Fines are 

classified as CL (low compressibility) at Mgbirichi and Obinze with group symbol 

SC (Clayey Sands). 

4.6. Summary Statistics 

4.6.1 Coefficient of Variation (CV) 

The results of the coefficient of variation are shown in Table 4.2, 4.3, 4.4 and 4.5. 

Generally, sand and bulk density exhibited low variation (CV ≤15%) at all the 

profile. Total porosity was observed to be low and clay indicated moderate variation 

(CV = 15 - 35%) in all profile except at Amuro with low variation in clay and high 

variation in total porosity. Silt contents varied moderate to high (CV>35%) at all the 

profile. pH and available Phosphorus exhibited low variation (CV≤15%), Organic 

Carbon, Organic matter, Total Nitrogen, TEB and ECEC varied moderately (CV = 

15 - 35%) in all the profile while TEA varied from moderate at Mgbirichi and 

Umuagwo to high (CV>35%) in the other profile. 

4.6.2 Relationship between Some Geotechnical properties measured and 

Selected Soil Properties 

The relationship between some geotechnical properties measured and selected soil 

properties is shown in Table 4.8. 

Plasticity Index, COLE, Optimum moisture content, volumetric shrinkage, Linear 

Shrinkage and Cohesion showed positive  
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Table 4.8: Correlation Matrix of Some Soil Physical and Chemical Properties with 

Some Geotechnical Properties  

 

  

 

 

 

 

 

Soil Properties Sand Clay Porosity BLK D. Exch Na OM 

Plasticity Index -0.99** 0.98** 0.91** -0.90* 0.71ns 
 

0.55ns 

Maximum Dry Density 0.92** -0.92** -0.95** 0.95** -0.75ns 

 

-0.55ns 

COLE -0.95** 0.91** 0.96** -0.96** 0.89* 

 

0.71ns 

Optimum Moisture  Content -0.89* 0.85* 

  

0.95** -0.95** 0.92** 

 

0.72ns 

Volumetric Shrinkage -0.93** 0.89* 0.95** -0.95** 0.91** 
 

0.74ns 

Shear Strength 0.96** -0.96** -0.96** 0.96** -0.73ns 
 

-0.52ns 

Angle of Internal Friction 0.97** -0.97** -0.96** 0.96** -0.77ns 

 

0.59ns 

Cohesion -0.97** 0.96** 0.94** -0.94** 0.79ns 

 

-0.39ns 

Ultimate Bearing Capacity 0.84* -0.87* -0.94** 0.94** -0.57ns 

 

0.71ns 

Linear Shrinkage -0.96** 0.93** 0.95** -0.95** 0.87* 

 

0.71ns 

**- Significant at 1% level, *- Significant at 5% level, ns- non-significant, OM-Organic matter, BLK D- Bulk Density, 
Exch Na- Exchangeable Sodium.   
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significant correlation with Clay and porosity. These properties also showed 

negative significant correlation with sand and bulk density. These geotechnical 

properties mentioned are affected by forces associated with water films around and 

between particles (Baver et al, 1978). Clay content determines the amount of surface 

area that is available for water adsorption of soil. 

Maximum Dry Density, Shear Strength and Ultimate Bearing Capacity showed 

significant positive correlation with sand and bulk density.  

They also showed significant negative correlation with Clay and porosity. 

Exchangeable Sodium showed positive correlation with COLE, Optimum Moisture 

Content and Linear Shrinkage and negative correlation with volumetric shrinkage. 

It showed a non-significant relationship with other geotechnical properties 

correlated. 

Therefore, it will be concluded that sand, Clay, porosity, and bulk density contribute 

significantly to geotechnical properties.   

Geotechnical properties correlated showed non-significant relationship with 

Organic matter.  

4.6.3 Modeling 

Regression modeling of some geotechnical properties with selected soil properties 

are presented Table 4. 9 

The regression coefficients (R2) ranges from 0.70 – 0.94 indicating that the 

regression model can predict more than 70% of the effect of these selected soil 

properties on the geotechnical properties of soil. 
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 Table 4.9: Regression Analysis of Some Geotechnical Properties (y’) with Selected 

Soil Properties (x). 

 

 

 

 

 

Geotechnical Properties Soil Properties Regression 

Coefficient (r2) 

Regression line 

equation 

    

Ultimate Bearing Capacity (y’) Bulk Density(x) 0.88 y’ = -309+462x 

 Porosity(x) 0.88 y’= 915 + (-1.22)x 

 Sand(x) 0.70 y’= 139 + 0.33x 

 Clay(x) 0.75 y’ = 510 + (-0.59) 

    

Shear Strength (y’) Bulk Density(x) 0.93 y = ’-51.4 + 95.2x 

 Porosity(x) 0.93 y’ = 200.8 + 0.25 

 Sand(x) 0.93 y’ = 35.4 + 0.08x 

 Clay(x) 0.94 y’ = 119 + (-0.13)x 

    

COLE (y’) Bulk Density(x) 0.92 y’ = 1.61 + (-1.02)x 

 Porosity(x) 0.92 y’= -1.08 + 0.003x 

 Sand(x) 0.90 y’ = 0.68 + (-0.0008)x 

 Clay(x) 0.83 y’ = -0.19 + 0.0013x 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS, RECOMMENDATIONS AND 

CONTRIBUTION TO KNOWLEDGE 

5.1 Summary and Conclusions    

The need for the generation of baseline information useful for planning and for 

developing appropriate environmental management programme in order to reduce 

potential negative effect crucial to sound environmental sustainability necessitated 

the study of geotechnical and classification of soils formed under two lithologic 

materials (Imo clay shale and coastal plain sand). Also soil degradation and collapse 

of engineering structures in agriculture and non-agricultural enterprises tend to be 

on the increase as a result of lack of such information and non or inappropriate 

application of existing information. 

This study on the soil underlain by shale formation has provided insights into the 

probable causes of persistent occurrence of pavement, foundation and embankment 

failures in Amuro and Umuna. Therefore; 

• This study had characterized the soils underlain by coastal plain 

sands and Imo clay shale in Imo State, Nigeria by revealing the physical, 

chemical and geotechnical properties of these soils. 

• Using USDA soil taxanomy, the soils at Amuro was classified as 

Vertic Hapludult, Umuna was classified as plinthic Hapludult, Ezelu was 

classified Psammentic Hapludult while the soil at, Obinze, Umuagwo and 

Mgbirichi were classified as typic Hapludult. 
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• Under WRB, Amuro soil was classified Vertic Cambisols, Umuna as 

Haplic Nitisols, Ezelu, as Arenic Acrisol while the soil at Obinze, Umuagwo 

and Mgbirichi as Nitic Acrisols. 

• Under Unified Soil Classification, Amuro was classified as Clayey 

Gravel (CH), Umuna as Clayey Sand (SC with high compressibility), Ezelu 

and Umuna as Silty Sand (SM), Mgbirichi and Obinze as Clayey Sands (SC 

with low compressibility) 

• There were pronounced variability among the soils properties like 

texture, bulk density, porosity, ECEC, and pH down the profile. 

• Geotechnical properties studied showed strong relationship with 

sand, clay, porosity, and bulk density. As a consequence, these properties 

were used as predictors for shear strength, ultimate bearing capacity and 

COLE. These resulted to a good prediction with r2 > 0.70. This model will 

be useful in sustainable use of these soils for both agricultural and 

engineering purposes, especially at planning stages of project 

implementation. 
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5.2 Recommendation 

Though these soils have supported arable crop production for centuries; 

• The morphological and physical characteristics, chemical 

composition and mineralogical properties suggest that sustainable crop 

production on these soils will require very careful management, especially 

the soils underlain by Coastal plain sands.  

• Constant inputs of organic and mineral fertilizers will be required to 

enhance soil fertility and improve crop yield.  

• Wide spread foundation methods and extra wide wheeled tractors 

should be used in soils underlain by shale to reduce the negative effect of the 

imposed load on the soils. 

• Sand replacement method should be used for subgrades and sub-base 

materials for farm road construction works at Amuro and Umuna. 

• Further studies should be carried out on geotechnical properties of 

soils underlain by other lithologic materials in relation to their chemical 

properties to ascertain their suitability not only for crop yield but also as 

foundation and construction materials. All these affect agricultural 

production in general. 
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5.3 Contribution to Knowledge  

This study of geotechnical properties and classification of some soils formed on 

Coastal plain sand has contributed to knowledge through; 

• The Exposure of the behavior of soil at different moisture levels 

(liquid limit and plastic limit) formed on two lithologic material (Coastal 

plain sand and Shale). 

• Determination of the ability of these soils to carry impose load due 

to farm structures and farm machineries. 

• Classification of these soils in order to use these information 

wherever these soils may occur. 

• Making use of some soil physical properties to predict the ability of 

these soil to bear imposed loads. 

These baseline information are useful for planning and for developing 

appropriate environmental management programme for sound sustainability of 

these. 
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APPENDICES 

Appendix A: Profile Pits Description 

Amuro 

Geomorphic unit: Gentle Slope 

Sample Date:        20th April, 2014 

Lat & Long:      50 47.830'N & 7017.55’E 

Elevation (Alt):      109 meters 

Profile No.        AA1-5 

Classification: USDA- Vertic Hapludult 

WRB-  Vertic Cambisol 

USCS- Clayey Gravel (CH) 

Drainage:       very poorly drained 

Elevation:   107 meters 

Vegetation: Rain Forest 

Parent material: Imo Clay Shale 

Climatic info        Rainy & Dry season 

Geology: Bende-Ameki Formation 

Erosion hazards:   Few gully 

Location:    Amuro      

Described by: Anenyeonwu Adaobi, June 6th, 2015 

 

Horizon Depth    

 (cm) 

Description 

A     0-10  Dark reddish gray (2.5YR4/1) moist, sandy clay; weak medium 

granular, firm, sticky, non- plastic, abundant root, abundant 

animal activities, clear smooth boundary. 

AB 10-31  Red (5YR5/6) moist, sandy clay; moderate fine granular firm, 

sticky, plastic, medium root, few animal activities diffused wavy 

boundary. 

 

BA 31-65 Pale red (2.5YR7/2) moist; clay; few distinct weak red mottles 

(2.5YR4/3) moist, moderate massive fine, very firm, very sticky, 

very plastic, medium root, very few animal activities diffused 

wavy boundary. 

 

Bg1 65-98 Pink (2.5YR 8/4) moist; clay loam, weak red mottles, (2.5YR4/3) 

moist; moderate massive fine, extremely firm, very sticky, very 

plastic, absent of roots, no animal activities 

Bg2 98-150 Light gray (10R 7/1) moist; sandy clay loam, red mottles, 

(2.5YR4/3) moist;  moderate massive fine, extremely firm, very 

sticky, absent of roots, no animal activities 
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Umuna 

Geomorphic unit: Gentle Slope 

Sample Date:        20th April, 2014 

Lat & Long:      50 47.073'N & 7014.917’E 

Elevation (Alt):      106 meters 

Profile No.        UU1-5 

Classification: USDA- Typic Hapludult 

WRB-  Haplic Nitisols 

USCS- Clayey Sand (SC) 

Drainage:        poorly drained 

Vegetation: Rain Forest 

Parent material: Imo Clay Shale 

Climatic info        Rainy & Dry season 

Geology: Bende-Ameki Formation 

Erosion hazards:   Few gully 

Location:    Umuna      

Described by: Anenyeonwu Adaobi, June 6th, 2015 

 

Horizon Depth    

 (cm) 

Description 

A     0-8  Very dusky red (2.5YR2.5/2) loamy sand; weak crumb medium, 

friable, non sticky, non- plastic, abundant root, abundant animal 

activities, clear smooth boundary. 

AB 8-26 Reddish brown (5YR4/4) moist; sandy loam; moderate blocky 

medium, firm, sticky, plastic, medium root, few animal activities 

diffused boundary. 

 

Bt1 26-60 Strong brown (7.5YR4/6) moist; sandy clay loam; strong sub 

angular blocky, very firm, very sticky, very plastic, few root, few 

animal activities diffused wavy boundary. 

 

Bt2 60-87  Strong brown (7.5YR 5/6) moist; sandy clay loam, strong sub 

angular blocky, very firm, very sticky, very plastic, absent of 

roots, no animal activities 

Bt3 87-110 Strong brown (7.5YR5/6) moist; sandy clay loam, strong sub 

angular blocky,  very firm, very sticky, very plastic, absent of 

roots, no animal activities 
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Ezelu 

Geomorphic unit: Undulating Slope 

Sample Date:        23th April, 2015 

Lat & Long:      50 45.551'N & 7013.329’E 

Elevation (Alt):      129 meters 

Profile No.        EE1-5 

Classification: USDA- Psammentic Hapludult 

WRB-  Arenic Acrisols 

USCS- Silty Sand (SM) 

Drainage:        well drained 

Vegetation: Rain Forest 

Parent material: Coastal Plain Sand. 

Climatic info        Rainy & Dry season 

Geology: Benin Formation 

Erosion hazards:   Few gully 

Location:    Ezelu     

Described by: Anenyeonwu Adaobi, June 7th, 2015 

 

Horizon Depth    

 (cm) 

Description 

A     0-15 Dark reddish gray (2.5YR4/1) moist, sand, structureless single 

grain, very friable, non- sticky, non- plastic, abundant root, 

abundant animal activities, clear smooth boundary. 

AB 15-36 Dark reddish brown (5YR3/3) moist; sand; structureless single 

grain, very friable, non- sticky, non- plastic, medium root, 

medium animal activities, clear smooth boundary. 

Bt1 36-80 Light reddish brown (2.5YR6/4) moist; loamy sand; weak 

crumb medium, friable, non-sticky, non- plastic, few root, few 

animal activities diffused wavy boundary. 

 

Bt2 80-120 Dark red (2.5YR 3/6) moist; loamy sand, weak crumb 

medium, friable, non-sticky, non- plastic, very few root, very 

few animal activities, diffused wavy boundary. 

 

Bt3 120-205 Red (2.5YR5/6) moist; sandy loam, weak crumb medium, 

firm, sticky, non- plastic, absent of roots, no animal activities. 
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Obinze 

Geomorphic unit: Plain Slope 

Sample Date:        4th May, 2015 

Lat & Long:      50 25’31”N & 60 58’35”E 

Elevation (Alt):      59 meters 

Profile No.        OO1-5 

Classification: USDA- Typic Hapludult 

WRB-  Nitic Acrisols 

USCS- Clayey Sand (SC) 

Drainage:        well drained 

Vegetation: Rain Forest 

Parent material: Coastal Plain Sand. 

Climatic info        Rainy & Dry season 

Geology: Benin Formation 

Erosion hazards:   Few gully 

Location:    Obinze 

Described by: Anenyeonwu Adaobi, June 7th, 2015 

 

Horizon Depth    

 (cm) 

Description 

A     0-20 Black (2.5YR2.5/1) moist, loamy sand, weak crumb coarse, 

friable, non- sticky, non- plastic, abundant root, abundant animal 

activities, clear smooth boundary. 

AB 20-50 Dusky black (2.5YR3/2) moist; loamy sand; weak crumb 

medium, friable, non- sticky, non- plastic, medium root, medium 

animal activities, clear smooth boundary. 

Bt1 50-130 Reddish brown (2.5YR4/4) moist; sandy loam; weak blocky 

medium, firm, sticky, non- plastic, few root, few animal activities 

diffused wavy boundary. 

 

Bt2 130-180 Red (2.5YR 4/8) moist; sandy loam, moderate blocky medium, 

firm, sticky, plastic, very few root, very few animal activities, 

diffused wavy boundary. 

 

Bt3 180-210 Red (2.5YR5/6) moist; sandy loam, moderate blocky medium, 

firm, sticky, plastic, absent of roots, no animal activities. 
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Mgbirichi 

Geomorphic unit: Plain Slope 

Sample Date:        4th May, 2015 

Lat & Long:      50 21’23”N & 60 57’8”E 

Elevation (Alt):      56 meters 

Profile No.        MM1-5 

Classification: USDA- Typic Hapludult 

WRB-  Nitic Acrisols 

USCS- Clayey Sand (SC) 

Drainage:        well drained 

Vegetation: Rain Forest 

Parent material: Coastal Plain Sand. 

Climatic info        Rainy & Dry season 

Geology: Benin Formation 

Erosion hazards:   Few gully 

Location:    Mgbirichi 

Described by: Anenyeonwu Adaobi, June 7th, 2015 

 

Horizon Depth    

 (cm) 

Description 

A     0-25 Dusky red (2.5YR3/2) moist, sandy loam, weak crumb medium, 

friable, non- sticky, non- plastic, abundant root, abundant animal 

activities, clear smooth boundary. 

AB 25-60 Reddish Brown (2.5YR5/3) moist; sandy; weak crumb medium, 

firm, sticky, non- plastic, medium root, medium animal activities, 

clear smooth boundary. 

BA 60-110 Red (2.5YR5/6) moist; sandy loam; weak blocky medium, firm, 

sticky, plastic, few root, few animal activities diffused wavy 

boundary. 

 

Btg 110-140 Light red (2.5YR 6/6) moist; sandy loam, moderate blocky 

medium, friable, non- sticky, non-plastic, very few root, very few 

animal activities, diffused wavy boundary. 

 

Bt1 140-200 Light red (2.5YR5/6) moist; sandy loam, moderate blocky 

medium, firm, sticky, plastic, absent of roots, no animal activities. 
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Umuagwo 

Geomorphic unit: Plain Slope 

Sample Date:        5th May, 2015 

Lat & Long:      50 18’26”N & 60 57’8”E 

Elevation (Alt):      49 meters 

Profile No.        PP1-5 

Classification: USDA- Typic Hapludult 

WRB-  Nitic Acrisols 

USCS- Silty Sand (SM) 

Drainage:        well drained 

Vegetation: Rain Forest 

Parent material: Coastal Plain Sand. 

Climatic info        Rainy & Dry season 

Geology: Benin Formation 

Erosion hazards:   Few gully 

Location:    Umuagwo 

Described by: Anenyeonwu Adaobi, June 8th, 2015 

 

Horizon Depth    

 (cm) 

Description 

A     0-25 Dark reddish brown (5R3/3) moist, loamy sand, weak crumb 

medium, friable, non- sticky, non- plastic, abundant root, abundant 

animal activities, clear smooth boundary. 

AB 25-35 Reddish Brown (2.5YR5/4) moist; sandy loam; weak crumb 

medium, friable, non-sticky, non- plastic, medium root, medium 

animal activities, clear smooth boundary. 

Bt1 35-95 Dark red (2.5YR3/6) moist; sandy loam; moderate blocky medium, 

firm, sticky, plastic, few root, few animal activities diffused wavy 

boundary. 

 

Btg 95-150 Red (2.5YR4/6) moist; sandy loam, moderate blocky medium, firm, 

sticky, plastic, very few root, very few animal activities, diffused 

wavy boundary. 

 

Bt2 150-220 Light red (2.5YR6/6) moist; sandy loam, moderate blocky medium, 

firm, sticky, plastic, absent of roots, no animal activities. 
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Appendix B: The Environments of the Study Sites

   

     

        

 

 

 

 

 

Plate B1: Imo Clay Shale Environment. 

Plate B2: Coastal Plain Sand Environment. 
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Appendix C: Pictures of the Profile Pits 

     

Plate C1: Amuro Profile Pit    Plate C2: Umuna Profile Pit 

                                     

Plate C3: Ezelu Profile Pit    Plate C4: Obinze Profile Pit 
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Plate C5: Mgbirichi Profile Pit  Plate C6: Umuagwo Profile Pit 
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Appendix D: Cracks on the Ground surface and buildings on Imo Clay 

Shale. 

     

Plate D1 and D2: Cracked Ground Surface of Imo Clay Shale 

 

 

       

   Plate D3 and D4: Cracked Buildings on Imo Clay Shale 

 


