SOILS
Introduction

One of the major products of chemical weathering are soils. Soils are composed of air, water, mineral material, organic material and organisms. Soils consist of materials derived from the four major spheres of the earth (fig. 1). Soils are useful parts of the environment. Soils are affected by a number of cycles that operate in the environment such as carbon cycle, moisture cycle, nitrogen cycle, oxygen cycle, mineral cycle. Soils are layered. A soil horizon is a distinct layer. A set of soil horizons form a soil profile.
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                              Fig. 1 Components of the pedosphere
Soil formation 

The Russian Soil Scientist Dokuchaev established that soils develop as a result of the interplay of five factors: parent material, climate, organisms, topography and time.  
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                      Fig. 2  Factors of soil formation

Parent Materials
The properties of parent materials that affect soil formation include composition, surface area, and permeability of parent materials. Parent materials are composed of mineral or organic matter or both. Mineral materials range from consolidated rocks to unconsolidated sediments. There is a weak correlation between the nature of rocks and the soils developed from them. Basalt give a brilliant red highly weathered soil (ferrasol) in the humid tropics. Highly quartzose materials give rise to sandy soils while basic rocks and fine-grained sediments tend to give fine-textured soils. Basic and calcareous rocks give rise to fertile soils while acidic rocks give rise to less fertile soils. The fertility of the soil depend on the chemical composition of the parent material (table 1).

Table 1 Chemical composition of some selected parent materials



Basalt

Granite
Mica schist
Limestone

SiO2 

53

76

58

1
TiO2

1

<1

1

Nil


Al2O3

18

13

19

<0.1
Fe2O3

5

<1

1

Nil

FeO

2

1

7

1

MgO

4

<1

2

<1

CaO

7

<1

2

55

Na2O

4

3

2

<1

K2O

2

5

4

1

P2O5

<1

<1

<1

<0.1

MnO

<1

<1

<1

Nil

H2O

2

1

2

<0.1

Climate
 Climate determines the rate and extent of soil forming processes. Climate is the major factor that controls the type and rate of soil formation. Important aspects of climate are precipitation and temperature. Temperature controls the rate of development of soils. The movement of moisture results in chemical reactions and the differentiation of horizons.

Organisms 

The development of soils is affected by living organisms such as higher plants, vertebrates, microorganisms and mesofauna.

Higher plants influence soil development through: (1) the binding effect of their roots, (2) opening of passages in the soil that facilitate the movement of air and water and (3) addition of organic matter to the soil surface.

Mammals that burrow deeply into the soil cause considerable mixing of topsoil and subsoil. Uncontrolled grazing by animals such as goats tends to destroy vegetation and promote soil erosion. 
Microorganisms (bacteria, fungi, actinomycetes, algae and viruses) are important in humification (the decomposition of organic matter in soils) and nitrogen transformation processes.
Mesofauna include earthworms, nematodes, mites, millipedes, gastropods and insects. These are concentrated in the top 2 to 5 cm. The mesofauna are useful in the ingestion and decomposition of organic matter. Termites transport soil matter from depth to the ground surface.

Topography

Topography controls the rate of flow of water and depth of development of the soil. The thickness of soil varies with topography. Thick soils are associated with flat or gently sloping sites while thin soils develop on steep slopes due to high rate of soil erosion. Topography also influences drainage and the amount of moisture in the soil.

Time 

Soil formation is a very long and slow process requiring thousands to millions of years. Most soils have developed in the last 100 million years. Most soils have been affected by successive waves of pedogenesis.

Processes of soil formation

The types of processes that are involved in the development of soil include chemical processes, physical processes and biological processes.

Chemical processes include, hydration, hydrolysis, solution, oxidation, ion exchange and reduction. Physical processes include translocation, aggregation, expansion and contraction. Biological processes include humification, ammonification, nitrification, nitrogen fixation and translocation of material from one place to another.
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Fig 3 Soil forming processes and factors that control these processes

These processes combine with the other factors to form the very wide range of soils that occurs on the surface of the earth. The soil forming processes contribute to the geochemical evolution of groundwater. The general trends that are involved in the formation of the major types of soils (Chernozems, ferrasols, podzols) are summarized in figures 4, 5, 6 and 7.
Stages in Soil Formation

Chernozems form in cool semi-arid areas where there is vigorous faunal activity and translocation of carbonates. Ferralsols form in the tropical regions under hot humid conditions. Podzols form under cool humid conditions under which translocation and accumulation of sesquioxides in the middle horizon is a dominant process. The stages  in the formation of the three major soil types are given in figure 4 to 7. 
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Figure 4 Stages in the formation of a chernozem   
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Figure 5 Stages in the formation of a ferralsol   
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Fig. 6 Stages in the formation of a Podzol

Figure 6 Stages in the formation of a podzol
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Fig. 1 The pedosphere

in the types of soils. Such a wide range induces many compli-
cations particularly with regard to classifying soils. On the other
hand the wide variability in soils presents a challenge and holds
an evergreen fascination for the soil scientist.

Soils can be studied in a variety of ways. They can be con-
sidered as natural phenomena and worthy of independent study or
they can be studied in relation to the natural environment. Prob-
ably the greatest amount of study is directed towards establishing
the distribution and mapping of soils, and determining their suit-
ability for crop production, be they food crops or trees.

At the end of the text there is Appendix 1 giving the
method for describing soils. In addition there is a glossary con-
taining a number of the common terms used in soil science.

At present great emphasis is being placed on the utilisation of
soils but before they can be utilised properly they must be recog-
nised as highly organised physical, chemical and biological systems
whose nature, properties, and place in the environment should be




                     Figure 7. The soil formation processes involving translocation of carbonates.
Formation of Soil Profiles
The development of a soil profile is the result of vertical movement of material in solution and suspension, accompanied by a complex series of chemical reactions. This transfer and reconstitution takes place in water. Most well developed soil profiles (fig. 7.2) can be divided into four principal horizons (A, B, C, R). A and B constitute the true soil or solum. The C horizon is the partly weathered parent material from which the soil has been derived by soil forming processes. The R horizon is the underlying rock material. A horizon of purely organic matter (O or AO) may lie above the A horizon. In detailed studies each of the major divisions may be further subdivided. The distribution of metals may vary markedly with major changes down the profile. It is therefore necessary to distinguish the master horizons during geochemical prospecting operations in the field.
The A horizon is characterized by a process of partial leaching known as eluviation. This involves downward percolation of water through the soil. Some constituents are removed in solution while others are removed as dispersed colloidal particles. The leaching in A horizon is promoted by CO2, the organic acids and complexing agents that are generated in the humus by the bacterial action. Carbonic acid and organic acids furnish H+  that contributes to the decomposition of minerals and displacement of bases (Na, Ca, Mg, K) from exchange sites of colloidal particles. Bases move downward through the soil as dissolved ions; Fe and Al move as colloidal particles, as complexes with organic groups, or in very acidic soils as free ions or ions complexed with hydroxyl. Silica is mobilized as silicic acid or colloidal silica. Resistant primary minerals and rock material undergoing decomposition tend to remain behind in the upper soil.
The upper part of the A horizon (A1) is rich in organic matter and mineral grains. The lower part of the A horizon (A2) is strongly leached, light colored and has low content of organic matter.
Some of the materials derived from the A horizon may be locally redeposited in  the zone of accumulation or the B horizon. As a result the B horizon tends to be enriched in clay and Al  and Fe-oxides. Under some conditions organic matter may also accumulate in the B horizon. The increase in the pH of the soil solution with depth promotes the flocculation of the colloidal material and precipitates the oxides.
The C horizon contains partly weathered parent material. It is light colored and contains less organic matter and clay than the B-horizon.

Soil profiles are important objects of investigation in geochemical prospecting. The mobility of the metals that are contained in parent materials varies during the development of the soil horizons. Metals contained in resistant minerals tend to accumulate in the A horizon. The soluble metals and those adsorbed on colloidal particles tend to migrate to B horizon and accumulate along with Fe- and Mn-oxides or clays in this horizon.
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Classification of soils

Various classification schemes have been developed by soil scientists. These schemes include the unified soil classification scheme and USA soil taxonomy system. Geochemists quite often use the much simpler old classification scheme. In the old classification scheme three categories of soils may be distinguished, azonal, zonal and intrazonal. In azonal soils the nature of the soil is determined mainly by the parent material and only incipient horizons are present. Representatives of this group include immature soils developed on recent alluvium, volcanic ash, wind-blown sands, and shallow bedrock. Azonal soils include lithosols, regosols and alluvial soils. Zonal soils are characterized by the presence of a mature soil profile. The characteristics of zonal soils are determined mainly by climate and vegetation. Zonal soils include podzols, chernozems, latosols (ferralsols) and desert soils. In the intrazonal soils a local condition such as drainage is the dominant influence on the character of the soil. A good example are hydromorphic soils (waterlogged soils) in humid regions that are characterised by the presence of mottled gley horizons (reducing subsurface zones). In arid regions low or poorly drained areas develop saline soils.
PROPERTIES OF SOILS
The important properties of soils (fig. 7.1) include the following:

1) position and thickness of horizons

2) Mineral composition

3) Texture

4) Colour

5) Structure
6) Coatings

7) Density

8) pH

9) Organic matter

10) Cation exchange capacity

11) Soluble salts

12) Carbonates

13) Elemental composition

14) Concretions
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Soil texture 
This is determined by the relative proportions of sand-sized (2mm-0.05mm), silt-sized (0.05-0.002 mm) and clay-sized (<0.002 mm) particles in the soil. The classification is based on the position of the soil sample on the triangular diagram (fig. 7.3).
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Figure 7.3 Triangular diagram relating particle size distribution to texture
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The properties of greatest importance that affect geochemical dispersion of the elements are pH, organic matter content, clay mineral type and assemblage, and the amount of Fe-Al-Mn-oxides. 
Elemental composition of soils

The chemical composition of soils is of great interest to Soil fertility scientists, environmental geochemists and exploration geochemists. Most of applied geochemical laboratories are preoccupied with analysis of soil samples for information on environmental quality and mineralization potential. 

Soil Fertility

This largely depends on the concentrations of the nine macroelements (C, H,O, N, P, K, Ca, Mg, S) and eight microelements (Mn, Cu, Zn, Mo, B, Cl, Fe, Co) in the soil.

The geochemist is concerned with the distribution of both major and trace elements in soils. The major element geochemistry of soils can give us information on the extent of chemical weathering and mobilization of elements during soil formation. The major elements that are measured in soil samples include Si, Al, Fe, Na, K, Ca, Mg, Mn, Ti, Zr, N and P. The major element composition of some soils is given in table 2.
In geochemical exploration and environmental surveys the concentration of some trace elements is very important. Knowledge of the normal or background contents of trace elements in soils (fig. 8) is essential to the applied Geochemist. The concentration of trace elements in soils of the USA was investigated by Connor and Shacklette (1975). The results of this study suggested that wide variations in background content occur for some trace elements in soils (table 3). Trace elements tend to be concentrated in soil horizons that are rich in organic matter or clay minerals. 
Table 2 Chemical composition of some soils

	
	Clay from Granitic gneiss
	Clay from a dolerite
	Laterite from a dolerite
	Clay from a limestone

	SiO2
	55.07
	47.0
	0.7
	55.90

	TiO2
	1.03
	1.8
	0.4
	0.20

	Al2O3
	26.14
	18.5
	50.5
	19.92

	Fe2O3
	3.72
	14.6
	23.4
	7.30

	FeO
	2.53
	-
	-
	0.39

	MnO
	-
	-
	-
	-

	MgO
	0.33
	5.2
	-
	1.18

	CaO
	0.16
	1.5
	-
	0.50

	Na2O
	0.05
	0.3
	-
	0.23

	K2O
	0.14
	2.5
	-
	4.79

	P2O5
	-
	0.7
	-
	0.1

	H2O+
	9.75
	7.2
	25.0
	6.52

	H2O-
	0.64
	Same as above
	Same as above
	2.54

	CO2
	0.36
	-
	-
	0.38

	Total
	99.2
	99.3
	100.0
	99.95
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                   Fig. 8 Range of content of some minor elements in normal soils. Thin lines

                   indicate more unusual values.

Table 3 Variation of element contents of soils and plant ash in the USA
	Element
	
	
	
	

	Al (%)
	1.1 - 6.5
	0.9 – 5.2
	0.02 – 0.40
	0.10 – 3.9

	As (ppm)
	6.7 – 13.0
	5.5 – 12.0
	No data
	No data

	Ba (ppm)
	86 - 740
	63 - 810
	15 - 450
	270 – 11000

	Be (ppm)
	0.76 – 1.3
	1.0 – 1.2
	No data
	0.64 – 2.0

	Cd (ppm)
	No data
	No data
	0.37 -2.3
	0.95 – 20

	Ca (%)
	0.07 – 1.7
	0.08 – 0.66
	0.29 - 20
	13 – 35

	C (%)  
        Carbonate

         organic
	0.046 – 0.055

0.70 – 2.8
	0.0075

0.91 – 2.2
	No data

No data
	No data

No data

	Ce (ppm)
	50-110
	120
	No data
	350

	Cr (ppm)
	11 - 78
	15 - 70
	0.42 – 6.6
	2.2 – 22

	Co (ppm)
	1.0 -14
	1.3 - 10
	0.5 – 6.2
	0.65 – 400

	Cu (ppm)
	8.7 - 33
	9.9 -39
	21- 230
	50-270

	F (ppm)
	160-480
	160-440
	0.43-0.49
	0.50-1.6

	Fe (%)
	0.47-4.3
	1.4-2.8
	0.06-0.27
	0.08-0.93

	La (ppm)
	26-45
	18-49
	No data
	14-270

	Pb (ppm)
	2.6-25
	2.6-27
	7.1-87
	24-480

	Mg (%)
	0.03-0.84
	0.03-0.38
	1.5-13
	1.6-10

	Mn (ppm)
	61-1100
	99-740
	96-810
	470-14000

	Hg (ppb)
	45-160
	30-39
	No data
	No data

	Ni (ppm)
	4.4-23
	1.8-18
	2.7-130
	0.81-130

	Nb (ppm)
	5.8-19
	6.6-16
	No data
	No data

	P(%)
	0.004-0.08
	0.02-0.08
	1.2-22
	0.71-3.1

	K (%)
	0.07-2.6
	0.04-1.7
	18-41
	2.9-23

	Se (ppm)
	0.27-0.73
	0.28-0.74
	0.04-0.17
	0.01-0.42

	Na (%)
	0.02-0.62
	0.45-0.79
	0.0025-0.0039
	0.02-0.31

	Sr (ppm)
	5.7-160
	3.6-150
	14-880
	320-5300

	Ti (ppm)
	1700-6600
	1700-4000
	4.7-250
	69-1200

	V (ppm)
	15-110
	20-93
	No data
	2.6-23

	Zn (ppm)
	25-67
	37-68
	180-1900
	170-1800

	Zr (ppm)
	120-460
	140-360
	No data
	2.4-85


Vertical distribution of chemical elements in soils
The contents of trace elements in soils vary from one soil horizon to another. In non contaminated barren areas the trace elements are concentrated in the organic rich layers ( (AO – horizon) and the zone of maximum accumulation (B – horizon) of mobilized mineral matter. Contaminated soil profiles are characterized by anomalous contents of pollutants in the topsoil and normal trace element contents in the subsoil. Residual soils formed by chemical weathering of mineralized rocks are characterized by an increase in contents of ore components with increasing depth. The distribution of some elements in soil profiles are given in the figures below.
            FiG. 9            
[image: image12.png]Clay~sized fraction

Exchange Mechanical Free Free Free
o, Organic  capacity composition  SiO, Fe, Oy  AlOg
Lt ﬁ: pH matter (%) (mEq/100g) (%) (%) (%) (%)
4 5 [} o 0 10 _0 50 100 O 25 0 10 O 5
o % o 1 (TR 7 SN e R ety |
g
1) A — el b e e
25l % Ll 2] i %__
INA Z
ENE
i N
7.5 r—-
1 | N ¢ | %

Fig. 7.1. Some variations in the physical and chemical properties of the differer
horizons comprising a soil profile. (Based on data for a tropical podzol by Hardor

1936.)
ISy



           . 
                            Fig. 10 Distribution of metals in contaminated 

                            soil profiles
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