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Block Introduction 

Environmental Earth Science deals with the interrelationship of the various earth processes, 

their consequences and the activities of man who forms the central figure in the environment scheme 

of things. The study of Earth’s natural systems and their interactions with humans are relevant. We are 

at a point in human history when Earth scientists have a responsibility to help solve some of society’s 

most pressing problems.  

In this block, you will learn the basic concepts of environmental geology, identifying minerals 

and rocks, and soil. Unit 1 gives you basic knowledge of earth system and its internal structure. You 

will study the definitions of minerals and rocks, their formation and properties, their classification in 

Unit 2. Unit 3 gives you basic knowledge of soil, its formation, its profile, characteristics and its 

conservation. Soils are vital, fragile, finite natural resources that are essential for the sustained 

production of food and fiber. Soils, however, are subject to degradation and erosion when 

mismanaged. Hence, the study of soil is essential to understand earth science. 

 
Chairman 
Department of Environmental Science 
Karnataka State Open University 
Mukthagangothri, 
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UNIT 1: INTRODUCTION TO ENVIRONMENTAL GEOLOGY 

STRUCTURE 

 
1.0 Objectives 

1.1 Introduction 

1.2 Introduction to the earth 

1.3 Moss, Density and Escape Velocity 

1.4 Fundamental concepts 

1.5 Earth’s system and their interaction 

1.6 Summary 

1.7 Keywords 

1.8 Questions for Self Study 

1.9 References and further reading 
 
 

 
 

1.0 OBJECTIVES 

After reading this unit, you will be able to  

• discuss the interrelationship of the various earth’s processes; 

• deliberate fundamental concepts of environmental geology; and 

• discuss Earth’s system and their interaction. 

1.1 INTRODUCTION 
  

Environmental Geology - the study of Earth’s natural systems and their interactions with 

humans. It is applied geology. 

• Help solve conflicts in land use 

• Minimize environmental degradation 

• Maximize the beneficial results of using our natural and modified environment. 

• Includes the study of: 

• Natural Hazards (such as floods, landslides, earthquakes, and volcanic activity) in 

order to minimize loss of life and property. 
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• Landscape for site selection, land-use planning, and environmental Impact analysis 

• Earth Materials (such as minerals, rocks and soils) to determine their potential use 

as resources or waste disposal sites and their effects on human health. 

• Hydrologic processes of groundwater and surface water to evaluate water resources 

and water pollution problems. 

• Geological processes (such as deposition of sediment on the ocean floor, the formation 

of mountains, and the movement of water on and below the surface of the earth) to evaluate 

local, regional, and global change. 

Environmental Earth science deals with the interrelationship of the various earth 

processes, their consequences and the activities of man who forms the central figure in the 

environment scheme of things. The Environmental Earth science embraces coordinated and 

integrated studies and the application of geology for the improvement and presentation of the 

environment through a more judicious use of natural resources by ensuing safe guards against 

degradation of the land and contamination of the air and water. Hence, Environmental Earth 

science is a mission oriented and problem solving subject. The ethic behind this is a better quality 

of life can be realized through use of the land in accordance with its capabilities, better 

management of water resources and proper utilization of mineral and energy resources without 

endangering their base. 

Geology is an incredibly fascinating subject. It is concerned with such diverse 

phenomena as volcanoes and glaciers, rivers and beaches, earthquakes and landslides, and even 

the history of life. Geology is a study about what happened in the past and what is happening 

now. We are at a point in human history when Earth scientists have a responsibility to help solve 

some of society’s most pressing problems. These include finding sites for safe disposal of 

radioactive waste and toxic chemicals, determining responsible land use for an expanding 

population, and providing safe, plentiful water supplies. Geology is being called upon to guide 

civil engineers in planning buildings, highways, dams, harbors, and canals. Geology helps us 

recognize how devastation caused by natural hazards, such as landslides, earthquakes, floods, and 

beach erosion, can be avoided or mitigated. Another driving force in our attempt to understand 

Earth is the discovery of natural resources. All Earth materials, including water, soils, minerals, 

fossil fuels, and building materials, are “geologic” and are discovered, exploited, and managed 

with the aid of geologic science. 
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Our Earth began about 4.6 billion years ago when a cloud of interstellar gas known as a 

solar nebula collapsed, forming protostars and planetary systems (see A Closer Look: Earth’s 

Place in Space). Life on Earth began about 3.5 billion years ago, and since then multitudes of 

diverse organisms have emerged, prospered, and died out, leaving only fossils to mark their 

place in Earth’s history. Just a few million years ago, our ancestors set the stage for the 

present dominance of the human species. As certainly as our Sun will die, we too will eventually 

disappear. Viewed in terms of billions of years, our role in Earth’s history may be insignificant, 

but for those of us now living and for our children and theirs, our impact on the environment is 

significant indeed. 

1.2 INTRODUCTION TO THE EARTH 
  

The Earth is the third planet from the Sun in our Solar System. It is the planet we 

evolved on and the only planet in our Solar System that is known to support life. 

SIZE 

The Earth is about 7,926 miles (12,756 km) in diameter. The Earth is the fifth-largest planet 

in our Solar System (after Jupiter, Saturn, Uranus, and Neptune). Eratosthenes (276-194 BC) was 

a Greek scholar who was the first person to determine the circumference of the Earth. He compared 

the midsummer’s noon shadow in deep wells in Syene (now Aswan on the Nile in Egypt) and 

Alexandria. He properly assumed that the Sun’s rays are virtually parallel (since the Sun is so far 

away). Knowing the distance between the two locations, he calculated the circumference of the 

Earth to be 250,000 stadia. Exactly how long a stadia is unknown, so his accuracy is uncertain, but 

he was very close. He also accurately measured the tilt of the Earth’s axis and the distance to the 

sun and moon. 

1.3 MASS, DENSITY, AND ESCAPE VELOCITY 
  

 
The Earth’s mass is about 5.98 x 1024 kg. The Earth has an average density of 5520 kg/m3 

(water has a density of 1027 kg/m3). Earth is the densest planet in our Solar System. To escape the 

Earth’s gravitational pull, an object must reach a velocity of 24,840 miles per hour (11,180m/sec). 
 

1.4 FUNDAMENTAL CONCEPTS OF ENVIRONMENTAL GEOLOGY 
 

 

 
There are some basic concepts that need to be introduced. These five fundamental 

concepts serve as a conceptual framework they are as follows 
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1. Human population growth 

2. Sustainability 

3. Earth as a system 

4. Hazardous Earth processes 

5. Scientific knowledge and values 

1.4.1 Concept One: Human Population Growth 

The number one environmental problem is the increase in human population. The number 

one environmental problem is the ever-growing human population. For most of human history 

our numbers were small as was our input on Earth. With the advent of agriculture, sanitation, 

modern medicine, and, especially, inexpensive energy sources such as oil, we have proliferated to 

the point where our numbers are a problem. The total environmental impact from people is 

estimated by the impact per person times the total number of people. Therefore, as population 

increases, the total impact must also increase. As population increases, more resources are 

needed and, given our present technology, greater environmental disruption results. When 

local population density increases as a result of political upheaval and wars, famine may result 

Overpopulation has been a problem in some areas of the world for at least several hundred 

years, but it is now apparent that it is a global problem. From 1830 to 1930, the world’s 

population doubled from 1 to 2 billion people. By 1970 it had nearly doubled again, and by the 

year 2000 there were about 6 billion people on Earth. The problem is sometimes called the 

population bomb, because the exponential growth of the human population results in the 

explosive increase in the number of people (Figure 1.3). Exponential growth for increase in 

humans means that the number of people added to the population each year is not constant; 

rather, a constant percentage of the current population is added each year. As an analogy, 

consider a high-yield savings account that pays interest of 7 percent per year. If you start with 

$100, at the end of the first year you have $107, and you earned $7 in interest. At the end 

of the second year, 7 percent of $107 is $7.49, and your balance is $107 plus $7.49, or $114.49. 

Interest in the third year is 7 percent of 114.49, or $8.01, and your account has $122.51. In 30 years 

you will have saved about $800.00. Read on to find out how I know this. 

1.4.2 Concept Two: Sustainability 

Sustainability is something that we are struggling to define. One definition is that 

sustainability is development that ensures that future generations will have equal access to the 
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resources that our planet offers. Sustainability also refers to types of development that are 

economically viable, do not harm the environment, and are socially just.7 Sustainability is a long-

term concept, something that happens over decades or even over hundreds of years. It is important 

to acknowledge that sustainability with respect to use of resources is possible for renewable 

resources such as air and water. Sustainable development with respect to nonrenewable resources 

such as fossil fuels and minerals is possible by, first, extending their availability through 

conservation and recycling; and second, rather than focusing on when a particular nonrenewable 

resource is depleted, focusing on how that mineral is used and develop substitutes for those uses. 

There is little doubt that we are using living environmental resources such as forests, fish, and 

wildlife faster than they can be naturally replenished. We have extracted minerals, oil, and 

groundwater without concern for their limits or for the need to recycle them. As a result, there are 

shortages of some resources. We must learn how to sustain our environmental resources so that 

they continue to provide benefits for people and other living things on the planet. We stated in 

Concept One, with respect to humans and resources, that Earth is the only place to live that is now 

accessible to us, and our resources are limited. To meet future resource demands and to sustain our 

resources, we will need large scale recycling of many materials. Most materials can theoretically 

be recycled. The challenge is to find ways to do it that do not harm the environment, that increase 

the quality of life, and that are economically viable. A large part of our solid and liquid waste 

disposal problems could be alleviated if these wastes were reused or recycled. In other words, 

many wastes that are now considered pollutants can be turned into resources. Land is also an 

important resource for people, plants, and animals as well as for manufacturing, mining, and 

energy production; transportation; deposition of waste products; and aesthetics. Owing in part to 

human population increases that demand more land for urban and agricultural purposes, human-

induced change to Earth is increasing at a rapid rate. A recent study of human activity and the 

ability to move soil and rock concluded that human activity (agriculture, mining, urbanization, and 

so on) moves as much or more soil and rock on an annual basis than any other Earth process 

(Figure including mountain building or river transport of sediment. These activities and their 

associated visual changes to Earth (for example, leveling hills) suggest that human activity is the 

most significant process shaping the surface of Earth. 

1.4.3 Concept Three: Earth as a System 

Understanding Earth’s systems and their changes is critical to solving environmental 
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problems. A system is any defined part of the universe that we select for study. Examples of 

systems are a planet, a volcano, an ocean basin, or a river (Figure 1.8). Most systems contain 

several component parts that mutually adjust to function as a whole, with changes in one 

component bringing about changes in other components. For example, the components of our 

global system are water, land, atmosphere, and life. These components mutually adjust, helping to 

keep the entire Earth system operating. 

1.4.4 Concept Four: Hazardous Earth Processes 

There have always been Earth processes that are hazardous to people. These natural 

hazards must be recognized and avoided when possible, and their threat to human life and property 

must be minimized. We humans, like all animals, have to contend with natural processes such as 

storms, floods, earthquakes, landslides, and volcanic eruptions that periodically damage property 

and kill us. During the past 20 years, natural hazards on Earth have killed several million people. 

The annual loss was about 150,000 people, and financial damages were about $20 billion. 

Natural Hazards: 

That produce disasters are becoming super disasters called catastrophes. Early in 

human history, our struggle with natural Earth processes was mostly a day-to-day experience. 

Our numbers were neither great nor concentrated, so losses from hazardous Earth processes 

were not significant. As people learned to produce and maintain a larger and, in most years, 

more abundant food supply, the population increased and became more concentrated locally. 

The concentration of population and resources also increased the impact that periodic 

earthquakes, floods, and other natural disasters had on humans. This trend has continued, so 

that many people today live in areas likely to be damaged by hazardous Earth processes or 

susceptible to the adverse impact of such processes in adjacent areas. An emerging principle 

concerning natural hazards is that as a result of human activity (population increase and changing 

the land through agriculture, logging, mining, and urbanization) what were formerly disasters are 

becoming catastrophes. For example, 

• Human population increase has forced more people to live in hazardous areas such 

as floodplains, steep slopes (where landslides are more likely), and near volcanoes. 

• Land-use transformations including urbanization and deforestation increase runoff 

and flood hazard and may weaken slopes, making landslides more likely. 

• Burning vast amounts of oil, gas, and coal has increased the concentration of carbon 
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dioxide in the atmosphere, contributing to warming the atmosphere and oceans. As a result, 

more energy is fed into hurricanes. The number of hurricanes has not increased, but the intensity 

and size of the storms have increased. 

We can recognize many natural processes and predict their effects by considering climatic, 

biological, and geologic conditions. After Earth scientists have identified potentially hazardous 

processes, they have the obligation to make the information available to planners and decision 

makers, who can then consider ways of avoiding or minimizing the threat to human life or property. 

Put concisely, this process consists of assessing the risk of a certain hazard in a given area and 

basing planning decisions on that risk assessment. Public perception of hazards also plays a role 

in the determination of risk from a hazard. For example, although they probably understand that 

the earthquake hazard in southern California is real, the residents who have never experienced an 

earthquake first hand may have less appreciation for the seriousness of the risk of loss of property 

and life than do persons who have experienced an earthquake. 

1.4.5 Concept Five: Scientific Knowledge and Values 

The results of scientific inquiry to solve a particular environmental problem often provide a 

series of potential solutions consistent with the scientific findings. The chosen solution is a 

reflection of our value system. 

To understand our discussion of scientific knowledge and values, let us first gain an 

appreciation for the conventions of scientific inquiry. Most scientists are motivated by a basic 

curiosity about how things work. Geologists are excited by the thrill of discovering something 

previously unknown about how the world works. These discoveries drive them to continue 

their work. Given that we know little about internal and external processes that form and 

maintain our world, The creativity and insight that may result from scientific breakthroughs 

often begin with asking the right question pertinent to some problem of interest to the 

investigators. If little is known about the topic or process being studied, they will first try to 

conceptually understand what is going on by making careful observations in the field or, perhaps, in 

a laboratory. On the basis of his or her observations, the scientist may then develop a question 

or a series of questions about those observations. Next the investigator will suggest an answer 

or several possible answer to the question. The possible answer is a hypothesis to be tested. The 

best hypotheses can be tested by designing an experiment that involves data collection, 

organization, and analysis. After collection and analysis of the data, the scientist interprets the 
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data and draws a conclusion. If a hypothesis withstands the testing of a sufficient number of 

experiments, it may be accepted as a theory. A theory is a strong scientific statement that the 

hypothesis supporting the theory is likely to be true but has not been proved conclusively. 

New evidence often disproves existing hypotheses or scientific theory; absolute proof of 

scientific theory is not possible. Thus, much of the work of science is to develop and test 

hypotheses, striving to reject current hypotheses and to develop better ones. 
  

  

1.5 EARTH’S SYSTEM AND THEIR INTERACTION 
The Earth system is a complex interaction between its subsystems the atmosphere, 

hydrosphere, biosphere, and lithosphere. The Earth system around us today is the result of millions 

of years of evolutionary processes tending toward a stable equilibrium. At times, assaults from 

within and outside have stressed the system and forced changes. Here you will explore the types 

of systems found on Earth and the sources of energy that drive them. 

Interactions of Spheres: 

The Earth is made of several subsystems or “spheres” that interact to form a complex and 

continuously changing whole called the Earth system. 

Geosphere (lithosphere) : all of the rocks and “hard parts” of the Earth  

Hydrosphere : all of Earth’s water 

Biosphere : all living things 

Atmosphere : the blanket of gases surrounding the planet 

Cosmosphere : the universe surrounding the Earth 

Cycles 

The Earth system characterized by numerous overlapping cycles in which matter is 

recycled again repeatedly. Cycles involve multiple spheres and systems interactions. 

Examples of cycles: day and night; rock cycle; seasons 

Energy 

The Earth system powered by energy from two major sources: the Sun and the planet’s 

internal heat. 

Humans and the Earth System 

People are part of the Earth system and are impact by its materials and processes. 

 Atmosphere Geosphere Hydrosphere Biosphere 
Atmosphere  Ozone change Ozone change Ozone change; 
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El Nino Photosynthesis 
Geosphere Hurricanes; 

Tsunamis; 
Volcanoes; 
Wave action 

Volcanic 
eruptions 

Hurricanes; 
Tsunamis; 
Erosion; 
Volcanoes; 
Earthquakes; 
Wave action 
 

Hurricanes; 
Tsunamis; 
 
Coal; 
Nutrient cycles; 
Volcanoes 

Hydrosphere El Nino Waves Wave action Photosynthesis 
Biosphere   Photosynthesis  

In the phrase “Earth system science (ESS),” the key term is “system.” A system is a 

collection of interdependent parts enclosed within a defined boundary. Within the boundary of the 

earth is a collection of four interdependent parts called “spheres.” Earth’s spheres include: 

The lithosphere, which contains all of the cold, hard, solid rock of the planet’s crust 

(surface), the hot semi-solid rock that lies underneath the crust, the hot liquid rock near the center 

of the planet, and the solid iron core (center) of the planet 

The hydrosphere, which contains all of the planet’s solid, liquid, and gaseous water, The 

biosphere, which contains all of the planet’s living organisms, and 

The atmosphere, which contains all of the planet’s air. 

These spheres are closely connected. For example, many birds (biosphere) fly through the 

air (atmosphere), while water (hydrosphere) often flows through the soil (lithosphere). In fact, the 

spheres are so closely connected that a change in one sphere often results in a change in one or 

more of the other spheres. Such changes that take place within an ecosystem are referred to as 

events. 

Events can occur naturally, such as an earthquake or a hurricane, or they can be caused by 

humans, such as an oil spill or air pollution. An event can cause changes to occur in one or more 

of the spheres, and/or an event can be the effect of changes in one or more of Earth’s four spheres. 

This two-way cause and effect relationship between an event and a sphere is called an interaction. 

Interactions also occur among the spheres; for example, a change in the atmosphere can cause a 

change in the hydrosphere, and vice versa. 

Interactions that occur as the result of events such as floods and forest fires impact only 

a local region, meaning the flood waters can only travel so many miles from the original stream, 

and only the trees that lie within the area on fire will be burned. On the other hand, the effects 

of events such as El Nino or ozone depletion may cause interactions that can be observed 
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worldwide. For example, the El Nino event—a change in the ocean currents off the coast of 

Peru— can cause changes in weather patterns all the way across North America, while ozone 

depletion above Antarctica may result in increased levels of ultra-violet B radiation around the 

world. Understanding the interactions among the earth’s spheres and the events that occur within 

the ecosystem allows people to predict the outcomes of events. Being able to predict outcomes is 

useful when, for example, developers wish to know the environmental effects of a project such as 

building an airport before they begin construction. 

Understanding the interactions that occur in the earth system also helps people to prepare 

for the effects of natural disasters such as volcanic eruptions; this understanding allows people to 

predict things like how far and in what direction the lava will flow. This relatively new field of 

studying the interactions between and among events and the earth’s spheres is called Earth system 

science (ESS). There are ten possible types of interactions that could occur within the earth system. 

Four of these interactions are between the event and each of the earth’s spheres. 

These four types of interactions can be illustrated in the Earth System Diagram below: 

 

 

 

 

 
 
 
 
 
 

 
In  addition  to  the  above four event sphere interactions, there are 

six interactions that occur among the earth's spheres: 

lithosphere hydrosphere 

lithosphere biosphere 

lithosphere atmosphere 

hydrosphere biosphere 

hydrosphere  atmosphere  

biosphere     atmosphere 
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The ten types of interactions that can occur within the earth system often occur as a series of 

chain reactions. This means one interaction leads to another interaction, which leads to yet 

another interaction—it is a ripple effect through the earth’s spheres. For example, a forest 

fire may destroy all the plants in an area (event  biosphere). The absence of plants 

could lead to  an increase in erosion —  washing away —  of soil  (biosphere 

 lithosphere). Increased amounts of soil entering streams can lead to increased turbidity, or 

muddiness, of the water ( lithosphere  hydrosphere). Increased turbidity of stream 

water can have negative impacts on the plants and animals that live in it (hydrosphere 

biosphere). 

An Example of an Earth System Science Analysis. 

Event  Hydrosphere 

A lack of moisture in the soil and in vegetation may have provided a dry environment in 

which the fires, once burning, could continue to burn. Heat from the fire may have further 

removed moisture from the air, soil, and vegetation through the process of evaporation. 

Event  Atmosphere 

A lightning strike from the air may have started the fires by igniting the dry vegetation. Gaseous 

pollutants such as carbon dioxide (CO2) may have been produced during the burning of the 

vegetation and carried into the air by the wind. 

Event  Lithosphere 

The intense heat from the fires may have caused some rocks to break apart. Event 

 Biosphere 

Dead branches and pine needles on the ground may have provided fuel for the fires. 
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The seeds of some plants may have required that their outer shells be burned before they could 

germinate; therefore they benefited from the forest fires. 

Below are some of the sphere  sphere interactions discovered during the ESS analysis 

of the  Lithosphere  Hydrosphere 

Increased erosion of loose soil (see “Lithosphere  Biosphere,” below) may have led 

to increased sediments (i.e. soil particles) in stream water, making the water “muddier.” 

Lithosphere  Biosphere 

A decrease in vegetation may have resulted in increased soil erosion because there were fewer 

roots to hold the soil in place. 

Lithosphere  Atmosphere 

Ash particles in the air may have been carried by the wind and dropped on the ground miles away 

from the forest fires; the ash particles which have a high pH may have changed the pH of the soil. 

Hydrosphere  Biosphere 

Ash particles in the water may have clogged the gills of fish and other aquatic organisms and 

choked them. 

Hydrosphere  Atmosphere 

There may have been more precipitation in neighboring areas because ash particles in the air 

may have become condensation centers upon which raindrops could form. 

Very dry, windy air may have drawn moisture out of the living grasses and trees through the 

process of evaporation. 

Biosphere  Atmosphere 

Smoke in the air may have coated the lungs of animal including people and affected their ability 

to breathe. 
 

1.6 SUMMARY 
  

In the phrase “Environmental Earth System Science”, the key term is “system.” A system 

is a collection of interdependent parts enclosed within a defined boundary. Within the boundary 

of the earth is a collection of four interdependent parts called “spheres.” Earth’s spheres include: 

the lithosphere, which contains all of the cold, hard, solid rock of the planet’s crust (surface), the 

hot semi-solid rock that lies underneath the crust, the hot liquid rock near the center of the planet, 

and the solid iron core (center) of the planet the hydrosphere, which contains all of the planet’s 
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solid, liquid, and gaseous water, the biosphere, which contains all of the planet’s living organisms, 

and the atmosphere, which contains all of the planet’s air. 

Environmental Geology - the study of Earth’s natural systems and their interactions with 

humans. It is applied geology. 

- Help solve conflicts in land use 

- minimize environmental degradation 

- maximize the beneficial results of using our natural and modified environment. 

- Includes the study of: 

- Natural Hazards (such as floods, landslides, earthquakes, and volcanic activity) 

in order to minimize loss of life and property. 

- Landscape for site selection, land-use planning, and environmental impact 

analysis 

- Earth Materials (such as minerals, rocks and soils) to determine their potential 

use as resources or waste disposal sites and their effects on human health. 

- Hydrologic processes of groundwater and surface water to evaluate water 

resources and water pollution problems. 

- Geological processes (such as deposition of sediment on the ocean floor, the 

formation of mountains, and the movement of water on and below the surface of 

the earth) to evaluate local, regional, and global change. 

 

1.7 KEYWORDS 
 

 

 
Environmental Geology Atmosphere  Earth processes 

Hydrosphere Biosphere  Natural hazards 

Lithosphere  El Nino 
 

 

1.8 QUESTIONS FOR SELF STUDY 

1. Describe five different concepts of environmental geology. 

2. Illustrate interaction of the sphere with example. 

3. What are natural hazards explain with example. 
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2.0 OBJECTIVES 

After reading this unit, you will be able to 

• discuss meaning of minerals and their identification; 

• confer the physical and chemical properties of minerals; 

• describe the meaning of rocks and their characteristics; 

• classify rocks based on nature of formation 

• discuss the types of rocks and their characteristics with examples. 
 
 
 

2.1 INTRODUCTION 
  

 
A mineral is a naturally occurring solid chemical substance formed through biogeochemical 

processes, having characteristic chemical composition, highly ordered atomic structure, and specific 

physical properties. By comparison, a rock is an aggregate of minerals and/or mineraloids and does 

not have a specific chemical composition. 
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In geology, rock or stone is a naturally occurring solid aggregate of minerals and/or mineraloids. 

The Earth’s outer solid layer, the lithosphere, is made of rock. In general rocks are of three types, 

namely, igneous, sedimentary, and metamorphic. The scientific study of rocks is called petrology, 

and petrology is an essential component of geology. 
 

2.2 IDENTIFYING MINERALS 
  

Mineral 

Minerals range in composition from pure elements and simple salts to very complex 

silicates with thousands of known forms. The study of minerals is called mineralogy. 

 

 

2.2.1 Elements and the Periodic Table 

Elements are the basic building blocks of minerals. Over 100 elements are known 

1. Chemical elements form in stars 

2. Atoms bond by sharing electrons 

3. Minerals are classified by their chemistry 

4. Minerals can be identified by their physical properties = atomic structure 

5. Silicates are the most important mineral group 

6. Crystals are determined by mathematical rules called symmetry 

2.2.2 Composition of the Crust 
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Mineral definition and classification 

To be classified as a true mineral, a substance must be a solid and have a crystalline structure. It 

must also be a naturally occurring, homogeneous substance with a defined chemical composition. 

The International Mineralogical Association approved the following definition in 1995: 

“A mineral is an element or chemical compound that is normally crystalline and that 

has been formed as a result of geological processes.” 

According to this definition and classification scheme, biogenic materials were excluded from the 

mineral kingdom: 

“Biogenic substances are chemical compounds produced entirely by biological processes 

without a geological component (e.g., urinary calculi, oxalate crystals in plant tissues, shells of 

marine molluscs, etc.) and are not regarded as minerals. However, if geological processes were 

involved in the genesis of the compound, then the product can be accepted as a mineral.” 

Mineral classification schemes and their definitions are evolving to match recent advances in mineral 

science. More recent classifications, for example, include an organic class – in both the new Dana 

and the Strunz classification schemes. The organic class includes a very rare group of minerals with 

hydrocarbons. The IMA Commission on New Minerals and Mineral Names recently adopted (in 

2009) a hierarchical scheme for the naming and classification of mineral groups and group names 

and established seven commissions and four working groups to review and classify minerals into an 
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official listing of their published names. According to these new rules, “mineral species can be 

grouped in a number of different ways, on the basis of chemistry, crystal structure, occurrence, 

association, genetic history, or resource, for example, depending on the purpose to be served by the 

classification.” 

There are currently more than 4,000 known minerals, according to the International Mineralogical 

Association (IMA), which is responsible for the approval of and naming of new mineral species found 

in nature. Of these, perhaps 100 can be called “common”, 50 are “occasional”, and the rest are “rare” 

to “extremely rare”. 

 

2.3 PHYSICAL PROPERTIES OF MINERALS 
  

Classifying minerals can range from simple to very difficult. A mineral can be identified by 

several physical properties, some of them being sufficient for full identification without 

equivocation. In other cases, minerals can only be classified by more complex optical, chemical or X-

ray diffraction analysis; these methods, however, can be costly and time-consuming. 

Physical properties commonly used are: 

Crystal structure and habit: See the above discussion of crystal structure. A mineral may show good 

crystal habit or form, or it may be massive, granular or compact with only microscopically visible 

crystals. 

 

 

  

Talc Rough diamond 

Hardness: the physical hardness of a mineral is usually measured according to the Mohs scale. This 

scale is relative and goes from 1 to 10. Minerals with a given Mohs hardness can scratch the surface 

of any mineral that has a lower hardness than itself. 

Moh’s scale of hardness: 

1. Talc Mg3Si4O10(OH)2 
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2. Gypsum CaSO4·2H2O 

3. Calcite CaCO3 

4. Fluorite CaF2 

5. Apatite Ca5(PO4)3(OH,Cl,F) 

6. Orthoclase KAlSi3O8 

7. Quartz SiO2 

8. Topaz Al2SiO4(OH,F)2 

9. Corundum Al2O3 

10. Diamond C (pure carbon) 

Luster indicates the way a mineral’s surface interacts with light and can range from dull to glassy 

(vitreous). 

• Metallic – high reflectivity like metal: galena and pyrite 

• Sub-metallic – slightly less than metallic reflectivity: magnetite 

• Non-metallic lusters: 

§ Adamantine – brilliant, the luster of diamond also cerussite and anglesite 

§ Vitreous – the luster of a broken glass: quartz 

§ Pearly – iridescent and pearl-like: talc and apophyllite 

§ Resinous – the luster of resin: sphalerite and sulfur 

§ Silky – a soft light shown by fibrous materials: gypsum and chrysotile 

§ Dull/earthy – shown by finely crystallized minerals: the kidney ore variety of 

hematite 

Diaphaneity describes how well light passes through a mineral; there are three basic degrees 

of transparency: 

• Transparent objects can be seen through a transparent mineral, such as a clear 

quartz crystal 

• Translucent light passes through the mineral but no objects can be seen 

• Opaque no light passes through the mineral 

Many minerals range from transparent to translucent or translucent to opaque. Calcite, for instance, 

can be translucent or opaque. Some minerals that are naturally translucent become opaque with 

weathering. 
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Color indicates the appearance of the mineral in reflected light or transmitted light for translucent 

minerals (i.e. what it looks like to the naked eye). 

Iridescence – the play of colors due to surface or internal interference. Labradorite exhibits internal 

iridescence whereas hematite and sphalerite often show the surface effect. 

Streak refers to the color of the powder a mineral leaves after rubbing it on an unglazed porcelain 

streak plate. Note that this is not always the same color as the original mineral. 

Cleavage describes the way a mineral may split apart along various planes. In thin sections, 

cleavage is visible as thin parallel lines across a mineral. 

Fracture describes how a mineral breaks when broken contrary to its natural cleavage planes. 

• Conchoidal fracture is a smooth curved fracture with concentric ridges of the type shown 

by glass. 

• Hackley is jagged fracture with sharp edges. 

• Fibrous 

• Irregular 

Specific gravity relates the mineral mass to the mass of an equal volume of water, namely 

the density of the material. While most minerals, including all the common rock-forming minerals, 

have a specific gravity of 2.5–3.5, a few are noticeably more or less dense, e.g. several sulfide 

minerals have high specific gravity compared to the common rock-forming minerals. 

Other properties: fluorescence (response to ultraviolet light), magnetism, radioactivity, tenacity 

(response to mechanical induced changes of shape or form), piezoelectricity and reactivity to dilute 

acids. 

2.4 CHEMICAL PROPERTIES OF MINERALS 
  

Minerals may be classified according to chemical composition. They are here categorized by anion 

group. The list below is in approximate order of their abundance in the Earth’s crust. The list follows 

the Dana classification system which closely parallels the Strunz classification. 

2.4.1 Silicate class 
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3

4

 
2.4.2 Quartz 

The largest group of minerals are the silicates (most rocks are =95% silicates), which are 

composed largely of silicon and oxygen, with the addition of ions such as aluminium, magnesium, 

iron, and calcium. Some important rock-forming silicates include the feldspars, quartz, olivines, 

pyroxenes, amphiboles, garnets, and micas. 

2.4.3 Carbonate class 

The carbonate minerals consist of those minerals containing the anion (CO )2- and include calcite 

and aragonite (both calcium carbonate), dolomite (magnesium/calcium carbonate) and siderite 

(iron carbonate). Carbonates are commonly deposited in marine settings when the shells of dead 

planktonic life settle and accumulate on the sea floor. Carbonates are also found in evaporitic 

settings (e.g. the Great Salt Lake, Utah) and also in karst regions, where the dissolution and 

reprecipitation of carbonates leads to the formation of caves, stalactites and stalagmites. The 

carbonate class also includes the nitrate and borate minerals. 

2.4.4 Sulfate class 

Hanksite, Na22K(SO4)9(CO3)2Cl, one of the few minerals that is considered a carbonate and a sulfate 

Sulfate minerals all contain the sulfate anion, SO 2-. Sulfates commonly form in evaporitic settings 

where highly saline waters slowly evaporate, allowing the formation of both sulfates and halides 

at the water-sediment interface. Sulfates also occur in hydrothermal vein systems as gangue 

minerals along with sulfide ore minerals. Another occurrence is as secondary oxidation products 

of original sulfide minerals. Common sulfates include anhydrite (calcium sulfate), celestine 

(strontium sulfate), barite (barium sulfate), and gypsum (hydrated calcium sulfate). The sulfate 

class also includes the chromate, molybdate, selenate, sulfite, tellurate, and tungstate minerals. 

2.4.5 Halide class  

The halide minerals are the group of minerals forming the natural salts and include fluorite (calcium fluoride), 

halite (sodium chloride), sylvite (potassium chloride), and sal ammoniac (ammonium chloride). Halides, like 
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sulfates, are commonly found in evaporite settings such as salt lakes and landlocked seas such as the Dead Sea 

and Great Salt Lake. The halide class includes the fluoride, chloride, bromide and iodide minerals. 

2.4.6 Oxide class 

Oxide minerals are extremely important in mining as they form many of the ores from which valuable 

metals can be extracted. They also carry the best record of changes in the Earth’s magnetic field. 

They commonly occur as precipitates close to the Earth’s surface, oxidation products of other 

minerals in the near surface weathering zone, and as accessory minerals in igneous rocks of the crust 

and mantle. Common oxides include hematite (iron oxide), magnetite (iron oxide), chromite (iron 

chromium oxide), spinel (magnesium aluminium oxide – a common component of the mantle), 

ilmenite (iron titanium oxide), rutile (titanium dioxide), and ice (hydrogen oxide). The oxide class 

includes the oxide and the hydroxide minerals. 

2.4.7 Sulfide class 

Many sulfide minerals are economically important as metal ores. Common sulfides include 

pyrite (iron sulfide – commonly known as fools’ gold), chalcopyrite (copper iron sulfide), 

pentlandite (nickel iron sulfide), and galena (lead sulfide). The sulfide class also includes the selenides, 

the tellurides, the arsenides, the antimonides, the bismuthinides, and the sulfosalts (sulfur and a 

second anion such as arsenic). 

 

2.4.8 Phosphate class 

The phosphate mineral group actually includes any mineral with a tetrahedral unit AO4 where A can 

be phosphorus, antimony, arsenic or vanadium. By far the most common phosphate is apatite, which 

is an important biological mineral found in teeth and bones of many animals. The phosphate class 

includes the phosphate, arsenate, vanadate, and antimonate minerals. 

2.4.9 Element class 

The elemental group includes native metals and intermetallic elements (gold, silver, copper), 
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semi-metals and non-metals (antimony, bismuth, graphite, sulfur). This group also includes 

natural alloys, such as electrum (a natural alloy of gold and silver), phosphides, silicides, nitrides 

and carbides (which are usually only found naturally in a few rare meteorites). 

2.4.10 Organic class 

The organic mineral class includes biogenic substances in which geological processes have been a 

part of the genesis or origin of the existing compound. Minerals of the organic class include various 

oxalates, mellitates, citrates, cyanates, acetates, formates, hydrocarbons and other miscellaneous 

species. Examples include whewellite, moolooite, mellite, fichtelite, carpathite, evenkite and 

abelsonite. 

 

2.5 ROCKS 
  

The three main ways of rocks are formed: 

 Igneous rocks are rocks which have crystallized from a melt or magma. The melt is made 

up of various components of pre-existing rocks which have been subjected to melting either at 

subduction zones or within the Earth’s mantle. The melt is hot and so passes upward through 

cooler country rock. As it moves it cools and various rock types will form through a process 

known as fractional crystallization. Igneous rocks can be seen at mid ocean ridges, areas of island 

arc volcanism or in intra-plate hotspots. 

 Sedimentary rocks are formed through the gradual accumulation of sediment: for example, 

sand on a beach or mud on a river bed. As the sediment is buried it is compacted as more and 

more material is deposited on top. Eventually the sediment will become so dense that it is 

essentially rock. This process is known as lithification. 

 Metamorphic rocks are rocks which once existed as igneous or sedimentary rocks but 

have been subjected to varying degrees of pressure and heat within the Earth’s crust. The 

processes involved will change the composition and fabric of the rock and their original nature 

is often hard to distinguish. Metamorphic rocks are typically found in areas of mountain building. 

The three classes of rocks—the igneous, the sedimentary and the metamorphic—are subdivided 

into many groups. There are, however, no hard and fast boundaries between allied rocks. By 

increase or decrease in the proportions of their constituent minerals they pass by every gradation 

into one another, the distinctive structures also of one kind of rock may often be traced gradually 

merging into those of another. Hence the definitions adopted in establishing rock nomenclature 

merely correspond to selected points (more or less arbitrary) in a continuously graduated series. 
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2.6 IGNEOUS ROCKS 
   

An Igneous rock is any crystalline or glassy rock that forms from cooling of a magma. A magma 

consists mostly of liquid rock matter, but may contain crystals of various minerals, and may contain 

a gas phase that may be dissolved in the liquid or may be present as a separate gas phase. 

Magma can cool to form an igneous rock either on the surface of the Earth - in which case it produces 

a volcanic or extrusive igneous rock, or beneath the surface of the Earth, - in which case it produces 

a plutonic or intrusive igneous rock. 

 
2.6.1 Characteristics of Magma 

  

Types of Magma: 

Types of magma are determined by chemical composition of the magma. Three general types are 

recognized, but we will look at other types later in the course: 

1. Basaltic magma — SiO2 45-55 wt%, high in Fe, Mg, Ca, low in K, Na 

2. Andesitic magma — SiO2 55-65 wt%, intermediate. in Fe, Mg, Ca, Na, K 

3. Rhyolitic magma — SiO2 65-75%, low in Fe, Mg, Ca, high in K, Na 

Gases in Magmas: 
At depth in the Earth nearly all magmas contain gas dissolved in the liquid, but the gas forms a 

separate vapor phase when pressure is decreased as magma rises toward the surface. This is similar 

to carbonated beverages which are bottled at high pressure. The high pressure keeps the gas in 

solution in the liquid, but when pressure is decreased, like when you open the can or bottle, the gas 

comes out of solution and forms a separate gas phase that you see as bubbles. Gas gives magmas 

their explosive character, because volume of gas expands as pressure is reduced. The composition of 

the gases in magma are: 

• Mostly H2O (water vapor) with some CO2 (carbon dioxide) 

• Minor amounts of Sulfur, Chlorine, and Fluorine gases 

The amount of gas in a magma is also related to the chemical composition of the magma. 

Rhyolitic magmas usually have higher dissolved gas contents than basaltic magmas. 

 

Temperature of Magmas: 

Temperature of magmas is difficult to measure (due to the danger involved), but laboratory 

measurement and limited field observation indicate that the eruption temperature of various 
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magmas is as follows: 

• Basaltic magma - 1000 to 1200oC 

• Andesitic magma - 800 to 1000oC 

• Rhyolitic magma - 650 to 800oC. 

Viscosity of Magmas: 

Viscosity is the resistance to flow (opposite of fluidity). Viscosity depends on primarily on the 

composition of the magma, and temperature. 

• Higher SiO2 (silica) content magmas have higher viscosity than lower SiO2 

content magmas (viscosity increases with increasing SiO2 concentration in the magma). 

• Lower temperature magmas have higher viscosity than higher temperature 

magmas (viscosity decreases with increasing temperature of the magma). 

Thus, basaltic magmas tend to be fairly fluid (low viscosity), but their viscosity is still 10,000 to 

1,00,0000 times more viscous than water. Rhyolitic magmas tend to have even higher viscosity, 

ranging between 1 million and 100 million times more viscous than water. (Note that solids, even 

though they appear solid have a viscosity, but it is very high, measured as trillions time the viscosity 

of water). Viscosity is an important property in determining the eruptive behavior of magmas. 
 

3.4 TEXTURES OF IGNEOUS ROCKS 
  

 
The main factor that determines the texture of an igneous rock is the cooling rate 

(dT/dt) Other factors involved are: 

• The diffusion rate - the rate at which atoms or molecules can move (diffuse) through the 

liquid. 

• The rate of nucleation of new crystals - the rate at which enough of the chemical 

constituents of a crystal can come together in one place without dissolving. 

• The rate of growth of crystals - the rate at which new constituents can arrive at the 

surface of the growing crystal. This depends largely on the diffusion rate of the molecules 

of concern. 

In order for a crystal to form in a magma enough of the chemical constituents that will make up the 

crystal must be at the same place at the same time to form a nucleus of the crystal. Once a nucleus 

forms, the chemical constituents must diffuse through the liquid to arrive at the surface of the growing 

crystal. The crystal can then grow until it runs into other crystals or the supply of chemical 

constituents is cut off. 



26 
 

All of these rates are strongly dependent on the temperature of the system. First, nucleation and 

growth cannot occur until temperatures are below the temperature at which equilibrium 

crystallization begins. Shown below are hypothetical nucleation and growth rate curves based on 

experiments in simple systems. Note that the rate of crystal growth and nucleation depends on how 

long the magma resides at a specified degree of undercooling (DT = Tm - T), and thus the rate at 

which temperature is lowered below the the crystallization temperature. Three cases are shown. 

1. For small degrees of undercooling (region A in the figure to the right) the nucleation rate will 

be low and the growth rate moderate. A few crystals will form and grow at a moderate rate 

until they run into each other. Because there are few nuclei, the crystals will be able to grow to 

relatively large size, and a coarse grained texture will result. This would be called a phaneritic 

texture. 

2. At larger degrees of undercooling, the nucleation rate will be high and the growth rate also 

high. This will result in many crystals all growing rapidly, but because there are so many crystals, 

they will run into each other before they have time to grow and the resulting texture will be a fine 

grained texture. If the size of the grains are so small that crystals cannot be distinguished with a 

handlens, the texture is said to be aphanitic. 

3. At high degrees of undercooling, both the growth rate and nucleation rate will be low. Thus 

few crystals will form and they will not grow to any large size. The resulting texture will be 

glassy, with a few tiny crystals called microlites. A completely glassy texture is called 

holohyaline texture. 

Two stages of cooling, i.e. slow cooling to grow a few large crystals, followed by rapid cooling to 

grow many smaller crystals could result in a porphyritic texture, a texture with two or more distinct 

sizes of grains. Single stage cooling can also produce a porphyritic texture. In a porphyritic texture, 

the larger grains are called phenocrysts and the material surrounding the the phenocrysts is called 

groundmass or matrix 

In a rock with a phaneritic texture, where all grains are about the same size, we use the grain size 

ranges shown to the right to describe the texture: 

<1 mm fine grained 

1 - 5 mm  medium grained 

5 - 3 cm coarse grained 

> 3 cm very coarse grained 

In a rock with a porphyritic texture, we use the above table to define the grain size of the groundmass 



27 
 

or matrix, and this table to describe the phenocrysts: 

0.03 - 0.3 mm microphenocrysts 

0.3 - 5 mm   phenocrysts 

> 5 mm  megaphenocrysts 

Another aspect of texture, particularly in medium to coarse grained rocks is referred to as fabric. 

Fabric refers to the mutual relationship between the grains. Three types of fabric are commonly 

referred to: 

1. If most of the grains are euhedral - that is they are bounded by well-formed crystal 

faces. The fabric is said to be idomorphic granular. 

2. If most of the grains are subhedral - that is they bounded by only a few well-formed 

crystal faces, the fabric is said to be hypidiomorphic granular. 

3. If most of the grains are anhedral - that is they are generally not bounded by crystal 

faces, the fabric is said to be allotriomorphic granular. 

If the grains have particularly descriptive shapes, then it is essential to describe the individual grains. 

Some common grain shapes are: 

• Tabular - a term used to describe grains with rectangular tablet shapes. 

• Equant - a term used to describe grains that have all of their boundaries of approximately equal 

length. 

• Fibrous - a term used to describe grains that occur as long fibers. 

• Acicular - a term used to describe grains that occur as long, slender crystals. 

• Prismatic - a term used to describe grains that show an abundance of prism faces. Other 

terms may apply to certain situations and should be noted if found in a rock. 

• Vesicular - if the rock contains numerous holes that were once occupied by a gas phase, then 

this term is added to the textural description of the rock. 

• Glomeroporphyritic - if phenocrysts are found to occur as clusters of crystals, then the rock 

should be described as glomeroporphyritic instead of porphyritic. 

• Amygdular - if vesicles have been filled with material (usually calcite, chalcedonay, or quartz, 

then the term amygdular should be added to the textural description of the rock. An amygdule 

is defined as a refilled vesicle. 

• Pumiceous - if vesicles are so abundant that they make up over 50% of the rock and the rock 
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has a density less than 1 (i.e. it would float in water), then the rock is pumiceous. 

• Scoraceous- if vesicles are so abundant that they make up over 50% of the rock and the 

rock has a density greater than 1, then the rock is said to be scoraceous. 

• Graphic - a texture consisting of intergrowths of quartz and alkali feldspar wherein the 

orientation of the quartz grains resembles cuneiform writing. This texture is most 

commonly observed in pegmatites. 

• Spherulitic - a texture commonly found in glassy rhyolites wherein spherical intergrowths of 

radiating quartz and feldspar replace glass as a result of devitrification. 

• Obicular - a texture usually restricted to coarser grained rocks that consists of 

concentrically banded spheres wherein the bands consist of alternating light colored and 

dark colored minerals. 

Other textures that may be evident on microscopic examination of igneous rocks are as follows: 

• Myrmekitic texture - an intergrowth of quartz and plagioclase that shows small wormlike bodies 

of quartz enclosed in plagioclase. This texture is found in granites. 

• Ophitic texture - laths of plagioclase in a coarse grained matrix of pyroxene crystals, wherein 

the plagioclase is totally surrounded by pyroxene grains. This texture is common in diabases 

and gabbros. 

• Subophitic texture - similar to ophitic texture wherein the plagioclase grains are not 

completely enclosed in a matrix of pyroxene grains. 

• Poikilitic texture - smaller grains of one mineral are completely enclosed in large, optically 

continuous grains of another mineral. 

• Intergranular texture - a texture in which the angular interstices between plagioclase grains 

are occupied by grains of ferromagnesium minerals such as olivine, pyroxene, or iron titanium 

oxides. 

• Intersertal texture - a texture similar to intergranular texture except that the interstices between 

plagioclase grains are occupied by glass or cryptocrystalline material. 

• Hyaloophitic texture - a texture similar to ophitic texture except that glass completely 

surrounds the plagioclase laths. 

• Hyalopilitic texture - a texture wherein microlites of plagioclase are more abundant than 

groundmass, and the groundmass consists of glass which occupies the tiny interstices 

between plagioclase grains. 
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• Trachytic texture - a texture wherein plagioclase grains show a preferred orientation due to 

flowage, and the interstices between plagioclase grains are occupied by glass or 

cryptocrystalline material. 

• Coronas or reaction rims - often times reaction rims or coronas surround individual crystals 

as a result of the crystal becoming unstable and reacting with its surrounding crystals or melt. 

If such rims are present on crystals they should be noted in the textural description. 

• Patchy zoning - This sometimes occurs in plagioclase crystals where irregularly shaped patches 

of the crystal show different compositions as evidenced by going extinct at angles different 

from other zones in the crystal. 

• Oscillatory zoning - This sometimes occurs in plagioclase grains wherein concentric zones 

around the grain show thin zones of different composition as evidenced by extinction 

phenomena. 

• Moth eaten texture (also called sieve texture)- This sometimes occurs in plagioclase wherein 

individual plagioclase grains show an abundance of glassy inclusions. 

• Perthitic texture - Exsolution lamellae of albite occurring in orthoclase or microcline. 
  

2.7  SEDIMENTARY ROCKS 

Sedimentary rocks are types of rock that are formed by the deposition of material at the Earth’s 

surface and within bodies of water. Sedimentation is the collective name for processes that cause 

mineral and/or organic particles (detritus) to settle and accumulate or minerals to precipitate from a 

solution. Particles that form a sedimentary rock by accumulating are called sediment. Before being 

deposited, sediment was formed by weathering and erosion in a source area, and then transported to 

the place of deposition by water, wind, mass movement or glaciers which are called agents of 

denudation. 

The sedimentary rock cover of the continents of the Earth’s crust is extensive, but the total 

contribution of sedimentary rocks is estimated to be only 8% of the total volume of the crust. 

Sedimentary rocks are only a thin veneer over a crust consisting mainly of igneous and metamorphic 

rocks. 

Sedimentary rocks are deposited in layers as strata, forming a structure called bedding. The study of 

sedimentary rocks and rock strata provides information about the subsurface that is useful for civil 

engineering, for example in the construction of roads, houses, tunnels, canals or other constructions. 

Sedimentary rocks are also important sources of natural resources like coal, fossil fuels, drinking 

water or ores. 
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The study of the sequence of sedimentary rock strata is the main source for scientific knowledge 

about the Earth’s history, including palaeogeography, paleoclimatology and the history of life. 

The scientific discipline that studies the properties and origin of sedimentary rocks is called 

sedimentology. Sedimentology is both part of geology and physical geography and overlaps partly 

with other disciplines in the Earth sciences, such as pedology, geomorphology, geochemistry or 

structural geology. 
 

2.8  METAMORPHIC ROCKS 
  

 
Metamorphic rock is the transformation of an existing rock type, the protolith, in a process called 

metamorphism, which means “change in form”. The protolith is subjected to heat and pressure 

(temperatures greater than 150 to 200 °C and pressures of 1500 bars[1]) causing profound physical 

and/or chemical change. The protolith may be sedimentary rock, igneous rock or another older 

metamorphic rock. Metamorphic rocks make up a large part of the Earth’s crust and are classified 

by texture and by chemical and mineral assemblage (metamorphic facies). They may be formed 

simply by being deep beneath the Earth’s surface, subjected to high temperatures and the great 

pressure of the rock layers above it. They can form from tectonic processes such as continental 

collisions, which cause horizontal pressure, friction and distortion. They are also formed when rock 

is heated up by the intrusion of hot molten rock called magma from the Earth’s interior. The study 

of metamorphic rocks (now exposed at the Earth’s surface following erosion and uplift) provides 

information about the temperatures and pressures that occur at great depths within the Earth’s crust. 

Some examples of metamorphic rocks are gneiss, slate, marble, schist, and quartzite. 

2.9  SUMMARY 
  

All matter is composed of chemical elements, each of which consists of atoms. Bonding is the process where 

atoms are jointed to other atoms. Most minerals are compounds, but a few, including gold and silver 

composed of single element and are known as native mineral. Among the minerals, silicates are the most 

abundant. In addition to silicates, several other mineral groups are recognized. A few minerals are common 

enough constituents of rocks, which has been designated as rock forming minerals. Many resources are 

common enough considerations of minerals of economic importance. Reserves are that part of the resource 

base that can be extracted economically. 

The Earth’s outer solid layer, the lithosphere, is made of rock. In general rocks are of three types, namely, 

igneous, sedimentary, and metamorphic. The scientific study of rocks is called petrology, and petrology is an 

essential component of geology. 

The three main ways rocks are formed: Sedimentary rocks are formed through the gradual accumulation of 

sediment: Metamorphic rocks are rocks, which once existed as igneous or sedimentary rocks but have been 
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subjected to varying degrees of pressure and heat within the Earth’s crust. Igneous rocks are rocks, which 

have crystallized from a melt or magma. The melt is made up of various components of pre-existing rocks, 

which have been subjected to melting either at subduction zones or within the Earth’s mantle. 
 

An Igneous rock is any crystalline or glassy rock that forms from cooling of a magma. A magma 

consists mostly of liquid rock matter, but may contain crystals of various minerals, and may contain a gas 

phase that may be dissolved in the liquid or may be present as a separate gas phase. 
 

2.10 KEY WORDS 
  

 
Minerals  Biogeochemical processes 

Silicate class Carborate class 

Quartz Igneous rocks  

Rhyolitic magma Magma 

Sedimentary rocks Basaltic magma 

Metamorphic rocks Andesitic magma 
 

  

2.11 QUESTIONS FOR SELF STUDY 

1. What are minerals? How they are classified? 

2. Brief composition of the crust. 

3. Explain the physical properties of minerals. 

4. Illustrate the chemical properties of member.  

5. Describe the formation of rocks. 

6. Define three different forms of rocks. 

7. Explain the characteristics of magma. 

8. Differentiate Igneous, Sedimentary and Metamorphic rocks. 
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3.0  OBJECTIVES 

After reading this unit, you will be able to  

• define soil and its formation 

• discuss the soil profile with its characteristics 

• describe soil characteristics 

• record different soil types 

• discuss soil conservation methods. 
 

3.1 INTRODUCTION 
  

 
Soils are vital, fragile, finite natural resources that are essential for the sustained production of 

food and fiber. Soils, however, are subject to degradation and erosion when mismanaged. Between 

1950 and 1993, grain area per person worldwide decreased from 0.58 to 0.33 acres (0.23 to 0.13 

hectares). As human populations increase, soil resources are used more intensively, with increasing 

probability that many practices will lead to deterioration of the resource. Competition between 
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agricultural uses and non-agricultural uses of land, such as support of structures, disposal of wastes, 

and growing plants for recreational and aesthetic purposes will increase. 

In ecosystems, soils, water, air, plants, animals and people have interdependent relationships. 

Soils are dynamic, living systems whose productivity, through management that often includes 

additions of nutrients, organic materials and water, can be sustained indefinitely. Soils exhibit unique 

physical and chemical sorptive qualities and dynamics reflective of their inorganic and organic 

composition. Cycling of carbon, nitrogen and other nutrient elements in nature involves 

transformations in soils. 
 

3.2  SOIL LAYERS 
  

 
Soil covers much of the land on Earth. It is made up of minerals (rock, sand, clay, silt), air, 

water, and organic material (matter from dead plants and animals). Soil provides a substrate for plants 

(roots anchor in soil), a source of food for plants, and a home for many animals (insects, spiders, 

centipedes, worms, burrowing animals, bacteria, and many others). 

A scientist who studies soil is called a pedologist. 

Types of Soil: There are many different types of soils, and each one has unique characteristics, like 

color, texture, structure, and mineral content. The depth of the soil also varies. The kind of soil in an 

area helps determines what type of plants can grow. There are 12 orders (types) of soil: Alfisols, 

Aridisols, Entisols, Histosols, Inceptisols, Mollisols, Oxisols, Spodosols, Ultisols, Gelisols, Andisols, 

and Vertisols. 
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Figure 1: Soil Profile 

 

Soil Horizons (layers): Soil is made up of distinct horizontal layers; these layers are called horizons. 

They range from rich, organic upper layers (humus and topsoil) to underlying rocky layers (subsoil, 

regolith and bedrock). 

O Horizon - The top, organic layer of soil, made up mostly of leaf litter and humus (decomposed 

organic matter). 

A Horizon - The layer called topsoil; it is found below the O horizon and above the E horizon. Seeds 

germinate and plant roots grow in this dark-colored layer. It is made up of humus (decomposed organic 

matter) mixed with mineral particles. 

E Horizon - This eluviation (leaching) layer is light in color; this layer is beneath the A Horizon and 

above the B Horizon. It is made up mostly of sand and silt, having lost most of its minerals and clay 

as water drips through the soil (in the process of eluviation). 

B Horizon - Also called the subsoil - this layer is beneath the E Horizon and above the C Horizon. It 

contains clay and mineral deposits (like iron, aluminum oxides, and calcium carbonate) that it receives 

from layers above it when mineralized water drips from the soil above. 

C Horizon - Also called regolith: the layer beneath the B Horizon and above the R Horizon. It consists 

of slightly broken-up bedrock. Plant roots do not penetrate into this layer; very little organic material 

is found in this layer. 

R Horizon - The unweathered rock (bedrock) layer that is beneath all the other layers. 
 

3.3  FORMATION OF SOIL 
  

 
Soils are porous natural bodies composed of inorganic and organic matter. They form by 

interaction of the earth’s crust with atmospheric and biological influences. They are dynamic bodies 

having properties that reflect the integrated effects of climate (atmosphere) and biotic activity 

(microorganisms, insects, worms, burrowing animals, plants, etc.) on the unconsolidated remnants of 

rock at the earth’s surface (parent material). These effects are modified by the topography of the 

landscape and of course continue to take place with the passage of time. Soils formed in parent 

materials over decades, centuries, or millennia may be lost due to accelerated erosion over a 

period of years or a few decades. 

The exposed surfaces of soils are a common sight on almost any landscape not dominated by 

rock. The surface of a soil reveals very little about the depth of the soil or its subsurface characteristics. 

A vertical cross-sectional view of a soil is called a soil profile. Each of the horizontal layers which can 
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be seen in the vertical section is called a soil horizon. Horizons are formed because of the integrated 

effects of climate and biosphere change and generally become less pronounced with depth. The depth 

of soils, usually 0.6 to 1.8m, is determined by the depth to which the mantle material has been altered 

in a significant way. That part of the three-dimensional soil body in which the effects of climate and 

biological activity are most pronounced is the soil solum. 
 
  

3.4  CHARACTERISTICS OF SOIL 

3.4.1 Physical Characteristics: 

Soils are porous and open bodies, yet they retain water. They contain mineral particles of many 

shapes and sizes and organic material which is colloidal (particles so small they remain suspended in 

water) in character. The solid particles lie in contact one with the other, but they are seldom packed as 

closely together as possible. 

Texture 

The size distribution of primary mineral particles, called soil texture, has a strong influence on 

the properties of a soil. Particles larger than 2 mm in diameter are considered inert. Little attention is 

paid to them unless they are boulders that interfere with manipulation of the surface soil. Particles 

smaller than 2 mm in diameter are divided into three broad categories based on their size. Particles of 

2 to 0.05 mm diameter are called sand; those of 0.05 to 0.002 mm diameter are silt; and the <0.002 mm 

particles are clay. The texture of soils is usually expressed in terms of the percentages of sand, silt, and 

clay. To avoid quoting exact percentages, 12 textural classes have been defined. Each class, named to 

identify the size separate or separates having the dominant impact on properties, includes a range in 

size distribution that is consistent with a rather narrow range in soil behavior. The loam textural class 

contains soils whose properties are controlled equally by clay, silt and sand separates. Such soils tend 

to exhibit good balance between large and small pores; thus, movement of water, air and roots is easy 

and water retention is adequate. Soil texture, a stable and an easily determined soil characteristic, can 

be estimated by feeling and manipulating a moist sample, or it can be determined accurately by 

laboratory analysis. Soil horizons are sometimes separated on the basis of differences in texture. 

Structure 

Anyone who has ever made a mud ball knows that soil particles have a tendency to stick 

together. Attempts to make mud balls out of pure sand can be frustrating experiences because sand 

particles do not cohere (stick together) as do the finer clay particles. The nature of the arrangement of 

primary particles into naturally formed secondary particles, called aggregates, is soil structure. A sandy 

soil may be structureless because each sand grain behaves independently of all others. A compacted 

clay soil may be structureless because the particles are clumped together in huge massive chunks. In 
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between these extremes, there is the granular structure of surface soils and the blocky structure of 

subsoils. In some cases subsoils may have platy or columnar types of structure. Structure may be further 

described in terms of the size and stability of aggregates. Structural class is based on aggregate size, 

while structural grade is based on aggregate strength. Soil horizons can be differentiated on the basis 

of structural type, class, or grade. 

Clay particles cohere to each other and adhere to larger particles under the conditions that 

prevail in most soils. Wetting and drying, freezing and thawing, root and animal activity, and 

mechanical agitation are involved in the rearranging of particles in soils—including destruction of 

some aggregates and the bringing together of particles into new aggregate groupings. Organic 

materials, especially microbial cells and waste products, act to cement aggregates and thus to increase 

their strength. On the other hand, aggregates may be destroyed by poor tillage practices, compaction, 

and depletion of soil organic matter. The structure of a soil, therefore, is not stable in the sense that 

the texture of a soil is stable. Good structure, particularly in fine textured soils, increases total porosity 

because large pores occur between aggregates, allowing penetration of roots and movement of water 

and air. 

Consistence 

Consistence is a description of a soil’s physical condition at various moisture contents as 

evidenced by the behavior of the soil to mechanical stress or manipulation. Descriptive adjectives 

such as hard, loose, friable, firm, plastic, and sticky are used for consistence. Soil consistence is of 

fundamental importance to the engineer who must move the material or compact it efficiently. The 

consistence of a soil is determined to a large extent by the texture of the soil, but is related also to 

other properties such as content of organic matter and type of clay minerals. 

Color 
 

The color of objects, including soils, can be determined by minor components. Generally, 

moist soils are darker than dry ones and the organic component also makes soils darker. Thus, 

surface soils tend to be darker than subsoils. Red, yellow and gray hues of subsoils reflect the 

oxidation and hydration states or iron oxides, which are reflective of predominant aeration and 

drainage characteristics in subsoil. Red and yellow hues are indicative of good drainage and aeration, 

critical for activity of aerobic organisms in soils. Mottled zones, splotches of one or more colors 

in a matrix of different color, often are indicative of a transition between well drained, aerated zones 

and poorly drained, poorly aerated ones. Gray hues indicate poor aeration. Soil color charts have 

been developed for the quantitative evaluation of colors. 

3.4.2 Chemical characteristics: 

Eight chemical elements comprise the majority of the mineral matter in soils. Among these 
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eight elements, oxygen, a negatively-charged ion (anion) in crystal structures, is the most prevalent on 

both a weight and volume basis. The next most common elements, all positively-charged ions (cations), 

in decreasing order are silicon, aluminum, iron, magnesium, calcium, sodium, and potassium. Ions of 

these elements combine in various ratios to form different minerals. More than eighty other elements 

also occur in soils and the earth’s crust, but in much smaller quantities. 

Soils are chemically different from the rocks and minerals from which they are formed in that 

soils contain less of the water soluble weathering products, calcium, magnesium, sodium, and 

potassium, and more of the relatively insoluble elements such as iron and aluminum. Old, highly 

weathered soils normally have high concentrations of aluminum and iron oxides. 

The organic fraction of a soil, although usually representing much less than 10% of the soil 

mass by weight, has a great influence on soil chemical properties. Soil organic matter is composed 

chiefly of carbon, hydrogen, oxygen, nitrogen and smaller quantities of sulfur and other elements. The 

organic fraction serves as a reservoir for the plant essential nutrients, nitrogen, phosphorus, and sulfur, 

increases soil water holding and cation exchange capacities, and enhances soil aggregation and 

structure. 

The most chemically active fraction of soils consists of colloidal clays and organic matter. 

Colloidal particles are so small (< 0.0002 mm) that they remain suspended in water and exhibit a 

very large surface area per unit weight. These materials also generally exhibit net negative charge 

and high adsorptive capacity. Several different silicate clay minerals exist in soils, but all have a 

layered structure. Montmorillonite, vermiculite, and micaceous clays are examples of 2:1 clays, while 

kaolinite is a 1:1 clay mineral. Clays having a layer of aluminum oxide (octahedral sheet) sandwiched 

between two layers of silicon oxide (tetrahedral sheets) are called 2:1 clays. Clays having one 

tetrahedral sheet bonded to one octahedral sheet are termed 1:1 clays. 

Cation Exchange 

Silicate clays and organic matter typically possess net negative charge because of cation 

substitutions in the crystalline structures of clay and the loss of hydrogen cations from functional 

groups of organic matter. Positively-charged cations are attracted to these negatively- charged particles, 

just as opposite poles of magnets attract one another. Cation exchange is the ability of soil clays 

and organic matter to adsorb and exchange cations with those in soil solution (water in soil pore 

space). A dynamic equilibrium exists between adsorbed cations and those in soil solution. Cation 

adsorption is reversible if other cations in soil solution are sufficiently concentrated to displace those 

attracted to the negative charge on clay and organic matter surfaces. The quantity of cation exchange 

is measured per unit of soil weight and is termed cation exchange capacity. Organic colloids exhibit 

much greater cation exchange capacity than silicate clays. Various clays also exhibit different exchange 

capacities. Thus, cation exchange capacity of soils is dependent upon both organic matter content and 
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content and type of silicate clays. 

Cation exchange capacity is an important phenomenon for two reasons: 

1. exchangeable cations such as calcium, magnesium, and potassium are readily 

available for plant uptake and 

2. cations adsorbed to exchange sites are more resistant to leaching, or downward 

movement in soils with water. 

Movement of cations below the rooting depth of plants is associated with weathering of soils. Greater 

cation exchange capacities help decrease these losses. Pesticides or organics with positively charged 

functional groups are also attracted to cation exchange sites and may be removed from the soil solution, 

making them less subject to loss and potential pollution. 

Calcium (Ca++) is normally the predominant exchangeable cation in soils, even in acid, weathered soils. 

In highly weathered soils, such as oxisols, aluminum (Al+3) may become the dominant exchangeable 

cation. 

The energy of retention of cations on negatively charged exchange sites varies with the particular 

cation. The order of retention is: aluminum > calcium > magnesium > potassium > sodium > hydrogen. 

Cations with increasing positive charge and decreasing hydrated size are most tightly held. Calcium 

ions, for example, can rather easily replace sodium ions from exchange sites. This difference in 

replaceability is the basis for the application of gypsum (CaSO4) to reclaim sodic soils (those with > 

15% of the cation exchange capacity occupied by sodium ions). Sodic soils exhibit poor structural 

characteristics and low infiltration of water. 

The cations of calcium, magnesium, potassium, and sodium produce an alkaline reaction in water and 

are termed bases or basic cations. Aluminum and hydrogen ions produce acidity in water and are 

called acidic cations. The percentage of the cation exchange capacity occupied by basic cations is 

called percent base saturation. The greater the percent base saturation, the higher the soil pH. 

Soil pH 

Soil pH is probably the most commonly measured soil chemical property and is also one of the more 

informative. Like the temperature of the human body, soil pH implies certain characteristics that might 

be associated with a soil. Since pH (the negative log of the hydrogen ion activity in solution) is an 

inverse, or negative, function, soil pH decreases as hydrogen ion, or acidity, increases in soil solution. 

Soil pH increases as acidity decreases. 

A soil pH of 7 is considered neutral. Soil pH values greater than 7 signify alkaline conditions, whereas 

those with values less than 7 indicate acidic conditions. Soil pH typically ranges from 4 to 8.5, but can 

be as low as 2 in materials associated with pyrite oxidation and acid mine drainage. In comparison, the 
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pH of a typical cola soft drink is about 3. 

Soil pH has a profound influence on plant growth. Soil pH affects the quantity, activity, and types of 

microorganisms in soils which in turn influence decomposition of crop residues, manures, sludges 

and other organics. It also affects other nutrient transformations and the solubility, or plant 

availability, of many plant essential nutrients. Phosphorus, for example, is most available in slightly 

acid to slightly alkaline soils, while all essential micronutrients, except molybdenum, become more 

available with decreasing pH. Aluminum, manganese, and even iron can become sufficiently 

soluble at pH < 5.5 to become toxic to plants. Bacteria which are important mediators of numerous 

nutrient transformation mechanisms in soils generally tend to be most active in slightly acid to 

alkaline conditions. 
 

3.5 SOIL TYPES 
  

 
There are 5 different soil types that gardeners and growers usually work with. All five is a 

combination of just three types of weathered rock particles that make up the soil: sand, silt, and clay. 

How these three particles are combined defines your soil’s type - how it feels to the touch, how it holds 

water, and how it is managed, among other things. 

1. Soil Type: Sandy 

Sandy soil has the largest particles among the different soil types. It’s dry and gritty to the touch, 

and because the particles have huge spaces between them, it can’t hold on to water. 

Water drains rapidly, straight through to places where the roots, particularly those of seedlings, cannot 

reach. Plants don’t have a chance of using the nutrients in sandy soil more efficiently as they’re swiftly 

carried away by the runoff. 

The upside to sandy soil is that it’s light to work with and warms much more quickly in the spring. 

Testing what type of soil you’re working with involves moistening the soil and rolling it into a ball to 

check the predominating soil particle. When you roll the slightly wet sandy soil in your palms, no ball 

should be formed and it crumbles through your fingers easily. 

2. Soil Type: Silty 

Silty soil has much smaller particles than sandy soil so it’s smooth to the touch. When 

moistened, it’s soapy slick. When you roll it between your fingers, dirt is left on your skin. 

Silty soil retains water longer, but it can’t hold on to as much nutrients as you’d want it to though it’s 

fairly fertile. Due to its moisture-retentive quality, silty soil is cold and drains poorly. 

Silty soil can also easily compact, so avoid trampling on it when working your garden. It can become 

poorly aerated, too. 
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3. Soil Type: Clay 

Clay soil has the smallest particles among the three so it has good water storage qualities. It’s 

sticky to the touch when wet, but smooth when dry. 

Due to the tiny size of its particles and its tendency to settle together, little air passes through its spaces. 

Because it’s also slower to drain, it has a tighter hold on plant nutrients. Clay soil is thus rich in plant 

food for better growth. 

Clay soil is cold and in the spring, takes time to warm since the water within also has to warm 

up. The downside is that clay soil could be very heavy to work with when it gets dry. Especially during 

the summer months, it could turn hard and compact, making it difficult to turn. (When clay soil is 

worked while it’s too wet though, it’s prone to damage). 

If moistened soil feels sticky, rolls up easily, and forms into a ball or sausage-like shape, then 

you’ve got yourself clay. 

4. Soil Type: Peaty 

Peaty soil is dark brown or black in color, soft, easily compressed due to its high water content, 

and rich in organic matter. Peat soil started forming over 9,000 years ago, with the rapid melting of 

glaciers. This rapid melt drowned plants quickly and died in the process. Their decay was so slow 

underwater that it led to the accumulation of organic area in a concentrated spot. 

Although peat soil tends to be heavily saturated with water, once drained, it turns into a good 

growing medium. In the summer though, peat could be very dry and become a fire hazard. (I kid you 

not—peat is the precursor of coal.) The most desirable quality of peat soil, however, is in its ability to 

hold water in during the dry months and its capacity to protect the roots from damage during very wet 

months. 

Peat contains acidic water, but growers use it to regulate soil chemistry or pH levels as well as 

an agent of disease control for the soil. When wet peat soil is rolled, you won’t form a ball. It is spongy 

to the touch and when squeezed, water could be forced out. 

5. Soil Type: Saline Soil 

The soil in extremely dry regions is usually brackish because of its high salt content. Known as 

saline soil, it can cause damage to and stall plant growth, impede germination, and cause difficulties in 

irrigation. 

The salinity is due to the buildup of soluble salts in the rhizosphere—high salt contents prevent 

water uptake by plants, leading to drought stress. 

It’s easy enough to test if you have saline soil. You’ll probably see a white layer coating the 

surface of the soil, your plants are growing poorly, and they’re suffering from leaf tip burn, especially 

on young leaves. 
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6. Soil Type: Loamy Soil 

This is ideal soil type most common in India. The type of soil that gardens and gardeners love 

is loamy soil. It contains a balance of all three soil materials-silt, sand and clay-plus humus. It has a 

higher pH and calcium levels because of its previous organic matter content. 

Loam is dark in color and is mealy-soft, dry and crumbly-in your hands. It has a tight hold on 

water and plant food but it drains well, and air moves freely between soil particles down to the roots. 

The feel test for loam yields a smooth, partly gritty, partly sticky ball that crumbles easily. 

Although loamy soil is the ideal material to work with, don’t despair if you don’t have it in your 

garden. That’s because soil will always favor one particles size over the two others. Then again, there 

are many ways to condition your soil—adding beneficial soil inoculants, covering your soil 

with compost, or simply spraying leaves and soil with compost tea. 
 

3.6 SOIL CONSERVATION 
  

 
Most soils cannot provide one or more plant essential nutrients in sufficient available form for 

modern crop production. Soil samples are frequently tested to determine the quantities of nutrients and 

other amendments which should be applied. Soil testing normally involves extraction or reaction of a 

sample with a specific chemical solution(s) which removes essential elements in amounts related to 

those required for plant growth. Soil testing is recommended to prevent both under and over fertilization 

of crops, thereby providing economic crop production in an environmentally effective manner. 

Lime: The main purpose of liming is to raise soil pH and supply calcium and sometimes magnesium 

for plant growth. Other benefits from liming acid soils include increased biotic activity, enhanced 

mineralization of nutrients from soil organic matter, improved soil structure, decreased potential for 

aluminum toxicity, and increased availability of other nutrients, especially phosphorus. 

Fertilization: A good fertilization program is based on soil testing, especially over several years, so that 

changes in nutrient availability and other chemical properties can be determined over time. Nutrients 

can be added in either organic or inorganic forms. Remember that plants utilize only specific ionic 

forms of the essential nutrients. These specific ionic forms can be provided directly through 

inorganic fertilizers or indirectly through the decomposition of manures, composts, and other 

organic amendments. Thus, plant uptake of nutrients should be similar whether initially added through 

inorganic or organic sources. Additional benefits which may accrue from application of organic 

materials include improved soil structure and increased water holding and cation exchange capacities. 

The degree to which these additional benefits occur will be determined by the quantity and quality 

of organic material applied and its decomposition rate. 

Municipal sewage sludge, food processing wastes, and other similar organic wastes are 
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commonly added to soils. Besides the obvious need for disposal, these materials can provide nutrients 

for plant growth and improve soil properties. Sewage sludges can contain heavy metals, however, 

especially in industrialized areas. Land application of sewage sludge is usually regulated by state and 

federal guidelines. When properly utilized, the above materials can be suitable sources of plant 

nutrients. 

Irrigation: Irrigation is practiced to at least a limited extent on each of the earth’s continents. Irrigation 

is a method of at least partially overcoming problems in natural precipitation patterns. These problems 

may result from an overall lack of precipitation or poor seasonal distribution. Irrigation is normally 

practiced not only to increase yield, but to provide yield stability. Yields may be increased many fold 

by irrigation depending on climate and the crop produced. Large scale irrigation projects may also be 

one facet of an overall program to provide hydroelectric power, flood control, municipal water supplies, 

and recreation. 

Water sources for irrigation include lakes, streams, and groundwater. Numerous water delivery 

methods are used including furrow, flood, sprinkler, and drip irrigation. Each system is different in 

efficiency and cost. Both these factors are normally considered before a producer decides on the type 

of system to be used. Water districts and governmental agencies may also mandate the type of system 

used based on water quantity, quality, and environmental concerns. 

Although development of irrigation capabilities almost immediately increases crop production, 

long-term effects must also be addressed. Irrigation water must be of reasonable quality (sufficiently 

low in dissolved salts and of proper ionic composition) to be used for an extended period of years. 

Many irrigation systems from ancient times through today have failed because of increasing soil 

salinity over time. Water applied through irrigation is partially transpired by plants or evaporated from 

the soil. Salts added in the water remain in the soil. Over time, salts can accumulate so as to decrease 

yields or prevent further crop production. 

Providing adequate drainage is also imperative for irrigated lands. Proper drainage not only 

decreases salt accumulation, but prevents shallow water tables which may restrict plant rooting depth 

and contribute to upward salt migration during periods of high evaporative demand. 

Irrigation has been extremely important throughout the world in providing a stable and abundant 

food supply, but proper planning and expertise are necessary to sustain economic and environmentally 

sound irrigated crop production. 

Tillage Systems and Conservation Practices: Tillage systems vary widely from conventional, or 

“clean”, tillage where all crop residues are incorporated into the soil with little residue remaining on 

the soil surface to no-tillage where crop residues are not disturbed and remain on the soil surface from 

one crop to the next. Conservation tillage denotes any tillage system in which at least 30% of the soil 
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surface is covered by residue after planting. Tillage is used to destroy weeds, incorporate residues from 

a previous crop, open the soil surface for increased infiltration and aeration, shatter compacted zones 

which might restrict root growth, and prepare seedbeds for optimal seed germination. 

The principal advantage of conservation tillage is protection of surface soil from water and wind 

erosion and is frequently used to decrease soil loss on erodible lands. Secondary advantages include 

increased water storage and organic matter contents. Erosion not only decreases the productivity of 

soils, but additional economic loss is associated with siltation of reservoirs, dredging of waterways, 

and removal of particulates to meet drinking water standards. As plant residue cover of the soil surface 

nears 100%, soil erosion decreases to near zero. Erosional loss can be reduced by more than 80% with 

a residue cover of 50%. Even a modest residue cover of 10% can reduce erosion by about 30%. Other 

alternatives are available for erosion control. Construction of terraces, or berms, which slow and alter 

the movement of water across slopes has been used for centuries to decrease water erosion. Strip 

cropping, the planting of alternating strips of crops of different heights or seasonal maturities across a 

landscape, and contour farming, the production of crops across instead of with slopes, have also 

historically been used to reduce the erosional forces of wind and water. 

Rotation, or planting different crop species, is normally beneficial compared to monoculture, 

or continual production of the same crop species. Rotation often decreases problems from weeds, 

disease and insects and may improve soil chemical, physical, and microbiological properties, and crop 

yield. Farmers must make many decisions each year. These decisions must result in both economic and 

environmentally prudent crop production if food production is to be sustainable over the long term. 
 

3.7 SUMMARY 
  

 
Soils are vital, fragile, finite natural resources that are essential for the sustained production of 

food and fiber. Soils, however, are subject to degradation and erosion when mismanaged. In 

ecosystems, soils, water, air, plants, animals and people have interdependent relationships. Soils are 

dynamic, living systems whose productivity, through management that often includes additions of 

nutrients, organic materials and water, can be sustained indefinitely. Soils are porous natural bodies 

composed of inorganic and organic matter. They form by interaction of the earth’s crust with 

atmospheric and biological influences. 

Most soils cannot provide one or more plant essential nutrients in sufficient available form for 

modern crop production. Soil samples are frequently tested to determine the quantities of nutrients and 

other amendments which should be applied. Soil testing normally involves extraction or reaction of a 

sample with a specific chemical solution(s) which removes essential elements in amounts related to 

those required for plant growth. Soil testing is recommended to prevent both under and over fertilization 
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of crops, thereby providing economic crop production in an environmentally effective manner. 
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3.9  QUESTIONS FOR SELF STUDY 

1. Describe different layers of soil. 

2. Brief about the formation of soil. 

3. Illustrate the characteristics of soil. 

4. List out the different methods to conserve soil. 
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