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FOREWARD

NATUREALM is an approach to education in which the natural and social
sciences are integrated with an emphasis on conservation and ecology. The
materials presented here are the combined efforts of many educators who realize
the importance of creating an awareness and an interest in the citizens of this
country to the problems involving natural resources.

There are more activities and information presented in the guide than any
one teacher would use with a class. The teacher will have to choose the material
that best fits the needs of a specific class.

The guide has been developed so that each unit is self-contained; that is, one |
unit may be used independently of the other units, or all of the units may be used in )
sequence to present an integrated course in conservation.

Each unit contains basic background information that will prove helpful in
developing the concepts of the unit. However, some of the concepts mentioned in
the outline are not covered in the background material. The teacher's previous ,
training and experience will dictate to what extent he will find the bibliography of ()
each unit helpful. The outline contains the major topics that should be presented
for a more complete understanding of that particular resource. The staff has
endeavored to present the material in a logical, systematic, and integrated manner.

The compilation of learning activities illustrates many activities that can be
done by the student and teacher to further enhance the desired concepts.

The bibliography lists many books and pamphlets that present additional
background in the various areas covered by the outline.

Sources of free and inexpensive materials (films, books, and pamphlets) are
listed at the end of the guide.

In no way is this guide to be considered as a final product. It is merely a
starting point to introduce the study of conservation to the present-day student. By
continuous evaluation, revision, and wise selection of material by the teacher to use
areas of the curriculum that meet his particular needs, NATUREALM will become
an initial force in expanding the interest and knowledge of our citizens in conservation.
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PHILOSOPHY

Natural resources have been the prime motivating factors of all
civilizations. A nation's might and progress are closely related to its natural
resource supply and the ability to harvest them. The wise use of these resources
can raise a nation to the epitome of world power and high standards of living, but
the misuse of these same resources can plunge a nation and its people into the

depths of despair.

Therefore, a close relationship exists between man and his natural
resources. It is imperative that man becomes aware of the importance of his
natural resources; he learns the true meaning of conservation; he learns how to
recognize problems that threaten the national heritage of the world; he learns how
to solve the problems already created in his environment by past neglect and
thoughtless actions and how to prevent similar problems from occurring again; he
learns how to use his increasing leisure time wisely; and he learns that the cause
for most of these problems is primarily ecological or due to his own presence and
interaction in the natural environment. -

Since these problems are man-made, it is the thought of NATUREALM that
the problems already created can be solved and future problems can be prevented
by making man acutely aware of his surroundings and the tremendous influence he

exerts on the environment,

NATUREALM is a new approach, based on conservation and ecology, to
teaching science. It does not advocate the elimination of textbooks, classrooms,
ete. but wishes to supplement and complement the standard methods of teaching by

making more use of the outdoors as an educational tool.

What can best be learned inside the classroom should be learned there;
what can best be learned in the outdoors through direct experience, dealing with
native materials and life situations, should be learned there.

NATUREALM is a program designed to change the concept of conservation
from one of teaching about conservation to one of teaching living conservation by
employing the unifying factor of nature--ecology.

iv




OBJECTIVES

1. To develop an awareness of man's tremendous influence on the natural
environment and an ability to recognize natural resource problems and
issues. ]

2. To develop an awareness and an interest in the outdoors and natural
resources.

3. To develop an awareness that the environment is constantly changing
(dynamic equilibrium).

4. To develop an appreciation of the natural environment as a resource
for the wise use of our increasing leisure time. 5

5. To develop an appreciation of the natural environment as a means of
earning a livelihood.

6. To develop an ability to see the relationship between cause and effect
between the environment and everyday living.

7. To develop the ability to reason from observed facts to the level of
principles and concepts. *

8. To provide educational experiences which bridge the gap between the
classroom and the natural environment. *

9. To develop a better understanding of the vproblem—solving" method.

10. To develop an ability to observe critically and record natural
phenomena using all of the senses.

11. To develop an understanding of conservation which is envisioned as the
wise use of natural resources for the most good for the most people.

12. To develop and encourage an attitude of appreciation as well as a moral
and civic responsibility for the preservation and conservation of our
natural resources. *

13. To provide a better understanding of the inter-relationships fundamental
to life. *

*Adapted from Rose Tree Media Qutdoor Education Project.
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BACKGROUND INFORMATION

Consexvation means different things to different people. As a result, it is defined
in many ways. A few definitions are:

1. Conservation is the wise use of our natural resources so that
the greatest number of people will benefit for the longest
possible time. (Theodore Roosevelt)

9. Conservation is the maintenance of "a state of harmony between
man and the land". (Aldo Leopold)

3. Conservation is the preservation, restoration, and management
of our resources for the benefit of our own generation with due
consideration for those yet to come.

4, Conservation is the wise use, intelligent development, and
efficient management of our natural resources.

5. Conservation consists of equating the use of natural resources
with the varying demands of population so that resource supplies
will not become exhausted before adequate supplies of equally
useful resources are either discovered, invented, or otherwise
reproduced. (Charles Lively)

6. "Conservation implies both the development and the protection
of resources, the one as much as the other. . . ." (Gifford
Pinchot)

Conservation is an applied science--the science of making men and nature
cooperate. It is the study of the delicate balance between man and his environment.
Conservation programs, through the application of science and technology, are designed
to maintain that balance in the interests of humanity. It recognizes that economic life of
our communities depends upon how well and how wisely we use our wai.er, soil, air,
forests, wildlife, minerals, and people.

The difficult problems arise in those cases in which the preservationists and the
industrialists disagree as to the best use of a resource. To achieve a compromise
between these two groups, the "multiple use" concept was devised. 'Multiple use' means
to plan and use a resource in as many different ways as possible. However, this does not
solve the problem because some uses of resources are incompatible with other uses, even
though all uses may be in line with approved conservation practices. For example, a dam
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built for flood control cannot be used for recreation as well as a dam built for recreation
because the flood control dam should be maintained at a low water level while a recreation
dam should be maintained at a high water level.

Conservation is or should be of interest to every citizen in the world. In the United
States, two hundred million people live on 3,548, 974 square miles of the earth's surface.
This represents only six per cent of the world's population living on seven per cent of the
world's available area. We have one of the highest standards of living in the world. For
example, a recent survey showed that we owned sixty per cant of all the automobiles in the
world, fifty-two per cent of all the telephones in the world, forty-eight per cent of all the
radio sets in the world, and twenty-nine per cent of all the railroad mileage in the world.
We consumed forty per cent of the world's annual lumber production, thirty-four per cent
of the world's electric power, thirty-three per cent of the world's petroleum production,
twenty-four per cent of the worle‘s coal production, and twenty-four per cent of the world's
rubber production.

Numerous other examples of our high standard of living could be given. The idea
to remember is that our standard of living is closely related with natural resources and
how we care for them. Consequently, if we are to maintain and improve our standard of
living, conservation is everybody's problem from farmer to housewife.

To understand how we achieved this standard of living, consider the following
example. Assume that Mr. Jones has just inherited a million dollars and that Mr. Smith,
his neighbor, has inherited a thousand dollars. Which of these two men might you expect
to have the higher standard of living? Mr. Jones, of course, even though he is no more
industricus nor more intelligent than Mr. Smith.

Twenty years later which man will have the higher ctandard of living. Obviously
this depends upon several factors, one of which is how wisely mr. Jones manages his
inheritance. He might squander his fortune on riotous living--giving him a temporarily
high standard of living--but later he may not have adequate funds to meet his fundamental
needs. It is also possible that he might invest his money carefully, spending only the
interest from the investment. In such a case, twenty years later, he still has his original
inheritance and is assured of a comfortable annual income as long as he needs it.

In the above example, let us substitute nations for men. As a nation, we have
received a rich inheritance of natural resources, such as: fertile soil, valuable minerals,
clean streams, extensive forests, abundant wildlife, and delightful scenic areas. Any
nation receiving such an inheritance is assured a continuing high standard of living if the
natural resources are properly used. We have several choices. We can squander our
inheritance on a temporarily high standard of living and end up broke sometime in the near
future, or we can use it wisely, thus having a comfortable standard of living as far into the
future as we can see. The first choice we call exploitation; the second, conservation.

A-2
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Conservation was not always in the forefront. In fact, not enough time, money,
and thought is given to conservation today. In pioneer America it was very difficult to
persuade people to take any interest in conserving the country's natural resources. The
attitude of the early American colonist toward the use of natural resources was, to a large
extent, that such resources constituted a barrier to the establishment of home and commu-
nity. Their thought was that there were so many trees, streams, and other resources that
we would never face a shortage in these commodities so why worry about them. We can
now see the result of this type of thinking. Witness the dust storms in the Midwest, the
passenger pigeon, the buffalo, deserted farming areas; the list is endless. The sad part
is that some of us have not learned from the past and still think there is no need for

conservation.

The movement for conservation of natural resources, as we in the United States
think of it today, began to take form in this country in the nineteenth century because of
the concern for our rapidly disappearing forests.

The word conservation did not gain a firm place in the American vocabulary until
1907 when Overton Price used the word, "conservancies', to describe government forests
in India. Gifford Pinchot, often called the founder of American conservation, liked the
‘erm and used it to describe his concept of "the use of the earth for the good of man".
Pinchot had a tendency toward the extraction aspects of conservation and considered
wilderness areas a form of waste. However, he was the first man to use government
powers to promote management of basic resources.

Pinchot framed most of the ideas which became Theodore Roosevelt's conservation
program including such projects as:

1. The White House Conference on Conservation in 1908.

2. The Inland Waterways Commission Study.

3. The landmark report of the International Conservation
Commission in 1909.

Only two times in this century has conservation been a major preoccupation of our
people and government.

1. In the early 1900's which culminated in the Governor's
Conference of 1908.

2. In the rebound from the depression in 1933-36 (Civil
Conservation Corps).

Over the vears, conservation has developed along two separate lines. One faction
was concerned with the renewable resources and the other group with the non-renewable
resources.
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In recent years, the trend is toward resource conservation in which the relationship
of all resources is considered before any action is taken. This has resulted in the following

two discernible trends:

1. A shift from emphasis on preservation of resources to emphasis upon
development of resources to maximize benefits from their use

2. A shift from emphasis on single purpose development to multi-purpose
concepts

Much of the conservation history to date has been much talk and quick action only
when threats to the public health are imminent.

Conservation is gradually becoming a part of the American way of life. More and
more people are coming to accept the principles of corservation and to govern their lives
accordingly. J

Effective conservation requires an attitude of appreciation toward natural 3
resources--toward their value and the value of their wise use for one's self, for one's N
fellow man, and for future generations. We should feel an obligation to generations yet
unborn to leave to them this earth as liberally furnished with resources as when we 1
ourselves inherited it. .

The physical strength of any nation is based upon the wise use and perpetuation of

its natural resources. The illusion that America is a land of plenty--that its wealth of soil, L
water, wildlife, minerals, and other natural resources is inexhaustible--is a happy one.

America's resources have already been reduced to the danger level.

What the future holds largely depends on the success of today's conservation laws and
practices. Regardless of the brilliance of our scientists, the wisdom of our statesmen, the
ingenuity of our industrialists, and the skill of our workmen, our country cannot continue in
its role as a leading nation with its soil exhausted, its forests leveled, and its wildlife
destroyed. Once the resources are depleted, and the water and air are polluted; we, as a
species, will be extinct also.

} Unfortunately, many people still hold this belief today despite the fact that some of L

A-4

©

ERIC o

Aruitoxt provided by Eic:




OUTLINE OF CONTENT MATERIAL

Definition of Conservation

II. Conservation in Relation to

A. High standard of living
B. Strength of a nation.
1. Economic.
2. Military.
C. Recreation.
D. Esthetic values.
E. Ecology.
III. Importance of Conservation to
A. Governments.
B. Communities.
C. Individuals.

IV. History of Conservation in the United States

V. Basic Conservation Concepts

A.
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People need to understand that man is only part of the natural world in
which there are many valuable materials that he has learned to utilize for
human sustenance and for human betterment. Man's economic, social, and
political welfare is largely dependent upon the manner and extent to which
he utilizes and manages this natural wealth.

Man's understanding of diminishing resources is limited by the brevity of
the individual human life. As a result, man frequently fails to recognize
the gradual disintergration and wasting away of certain of our more
important resources.

Young people need help in establishing their own position in the calendar of
the earth's history. They need help in understanding the damages which
result from poor conservation techniques.

The most distinctive characteristic of both the living and the inanimate
world is change.

To show the importance of the ecological aspects of conservation, it is
desirable that people explore the close relationships between soil, water,
plant cover, and animal life, including man.,

The world's rapidly increasing population will continue to levy an ever
greater demand upon natural resources. This may cause overuse or
increased misuse of resources; but through technological advances,
enterprising populations may be able to maintain or even raise modern
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standards of living without threatening the depletion of basic resources.

People must become alert to the problems arising from resource use.
It is likewise essential that they become acquainted with the activities
of private, state, and national agencies that are concerned with the
control and management of those resources so that they can help and
improve the work of those agencies.

VI. Conservation Pledge
I give my pledge as an American to save and
faithfully to defend from waste the natural resources
of my country--its soils and minerals, its forests,
waters, and wildlife.

A-6




LEARNING ACTIVITIES AND MATERIALS

I.

Learning Activities
A. Demonstrations.

1.

Borrow or make a farm level and practice running contour lines on
the school grounds or a nearby field. How does this contribute to
good conservation?

Illustrate, by using models, the various ways in which land may be
brought under cultivation. Are these land policies designed to get
the greatest good over the longest period of time?

Establish or develop an area in or near the school grounds and
manage the area using practices consistent with good conservation

procedures.

B. Field trips.

1.

2.

3.

To any outdoor area to study conservation practices that are being

used or should be used.

To a place of beauty to point out the features or combination of
features which provide the beauty or uniqueness of the area.

To a museum and study various displays. Then, choose five or
six and discuss the significance, if any, of each.

C. Discussion.

10.

11

What is conservation?

Who should be interested in conservation? Why?

What are the advantages of a planning commission in regard to

land usage?

What can you do about conservation ?

Why are governments interested in conservation?

How is science being used to help solve the conservation problem?
How is the area in which you live changing and to what is the change
attributable? Would conservation practices have affected the outcome?
What private and governmental agencies are contributing to
conservation practices?

Discuss "wise use" as it is used in the definition of conservation in
relation to natural resources.

How does urban expansion affect the conservation and ecology of an

area?
Is creation of a state park in line with conservation principles ?

D. Bulletin board displays.

1.

2.

A display showing the interdependence of various living and non-living

materials on earth.
Pictures of animals and birds that have become extinct or are near

extinction because of poor conservation practices.
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E. Student activities and projects.

1. Using the following checklist, determine conservation trouble areas M
in your community and suggest how the problems might be prevented ]
or corrected. Yé8 | Yes

Potential | Major Moderate] Not —

No _|Problem ] Degree| DegreeF Revelant ||
a. Refuse and garbage disposal
b. Junk car disposal a
c. Air pollution a
d. Water pollution
e. Soil pollution
f. Littering
g. Overhead power lines
h. Outdoor advertising
i. Preservation and development i

of historic landmarks

Substandard residential area ‘

Unsightly commercial areas )

or strips

1. Unsightly or dilapidated
buildings

m. Unregulated suburban
developments

n. Inadequate or unsightly roads

or highways

Abandoned open pits

Soil erosion

Preservation and development

of waterways and waterfronts;

include canals and reservoirs

as well as rivers, streams,

and lakes

r. Landscaping along highways,
roads, public housing, and
other government property
and semi-public land (as
parking lots)

8. Unsightly large areas of vacant
property (as abandoned militaryl

|
|

ol

°

e

urban renewal, or highway
demolition, etc.

t. Excessive deforestation
Others (list below)

A-8
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10.

11.

1.

1.
2.

H
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Describe the relationship between activities in the community and its
economy and resources.

Suppose you were running for a state or national legislative office. List
the planks which might be included in your platform for the elimination
of water and air pollution.

Suggest ways of improving our attitudes toward the conservation of
natural resources.

Collect pictures, articles, plants, etc. for demonstrations in a
"conservation corner' or scrapbook.

Organize a conservation club.

Assume that you are a delegate from your county to a conservation
congress. What proposals would you make at the congress which
would tend to improve the use of natural resources ?

Hold a panel discussion centered on the topic, '"What the conservation
program of our community should include. "

Compile a list of activities that you could do at home to help conserve
natural resources.

Write a conservator's creed and compare it with other craeds and
pledges composed by conservation organizations.

Make a "conservation corner'--a corner of the room to display any
material pertaining to conservation.

II. Learning Materials
A. Audio-visual materials.

See list of sources at the end of the guide.

B. Books and pamphlets. -
Carson, Rachel, Silent Spring, Houghton Mifflin Company, Boston, 1962.

Concepts of Conservation: A Guide to Discussion of Some Fundamental

Problems, The Conservation Foundation, 1250 Connecticut Avenue,

N. W., Washington, D. C.
Conservation in the Peoplc's Hands, published by American Association

of School Administrators, 1964.

Cooley, Richard H., Politics and Conservation, Harper & Row.
Coyle, D. C., Conservation, An American Story of Conflict and
Accomplishment, Rutgers University Press, 1957.

Dasmann, Raymond F., Environmental Conservation, John Wiley &
Sons, Inc.

Farness, S., '"Better Living Through Conservation Planning", The
Population Crisis and the Use of World Resources, Indiana University

Press, 1964.

Harrison, William C., Conservation, The Challenge of Reclaiming
Our Plundered Land, Juhan Messner, Inc., New York, 1963.
Hartley, Sir Herold, '"Man and Nature", American Scientist, Vol. 53,
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

Halfman, Elizabeth S., Land, People, and History, David McKay
Company, New York, 1962.

Herfindahl, O. C., "What is Conservation?", Minerals Economics,
Resources for the Future, Inc., Washington, D. C., 1961.

Hubbard, Alice Harvey, This Land of Ours: Community and
Conservation Projects for Citizens, The MacMillan Company, New
York, 1960.

Jarett, H., Perspectives on Conservation, Essays on America's
Natural Resources, The Johns Hopkins Press, 1958.

Joy, Charles R., Race Between Food and People: The Challenge of

a Hungry World, Coward-McCann, Inc., New York, 1961.

Munzer, Martha E. and Brandwein, Paul E., Teaching Science
Through Conservation, McGraw-Hill Book Company, Inc., 1960.
Osborn, Ben, Introduction to the Outdoors, Audubon Naturalist
Society of the Central Atlantic States, Inc., Washington, D. C.,

1960.

Parson, Ruben L., Conserving American Resources, 2nd Edition,
Prentice-Hall, Inc., New Jersey, 1964.

Pettit, Ted S., The Web of Nature, Doubleday & Company, New York,
1960.

"Pollution of the Environment", excerpts from a talk by Roger Revelle,
American Scientist, Vol. 54, June, 1966.

Quest for Quality, Vol. 8, Department of the Interior, Conservation
Yearbook, 1965.

Smith, F. C., The First Book of Conservation, Franklin Watts, Inc.,
New York.

Storer, John H., The Web of Life, Devin Adair.

Tunnard, Christopher, and Pashkarev, Man-made America: Chaos or
Control, Yale University Press, New Haven, 1963.

Udall, S. L., The Quiet Crisis, Holt, Rinehart & Winston, 1963.
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BACKGROUND INFORMATION

According to Greek mythology, Antaeus, a giant of Libia, was the son of Poseidon,
god of the sea, and Terra, goddess of the earth. As a wrestler, Antaeus was long invinci-
ble; everytime he was thrown down, he arose with renewed strength because when he touched
the earth, his mother, his strength was instantly renewed. When he lost touch with the
earth, his strength dwindled and he was soon overcome. Hercules was able to win a
wrestling match with Antaeus by holding him aloft in the air until his strength was gone.

There is a moral to this story that is worth noting. Modern civilization is able to
maintain its strength only so long as it maintains contact with the earth from whence comes
its strength. City dwellers are prone to lose sight of this fundamental fact of life since many
of them are far removed from the countryside that supplies the raw materials that make city

life possible.

What is this strength that is supplied by the earth? What are the raw materials that
make our present civilization possible? Collectively we refer to them as natural resources.
Natural resources can be simply defined as materials supplied by nature. i

Natural resources are the natural wealth of a country and consist of human
resources, land, air, water, minerals, forests, soils, vegetation, wildlife, and marine
life. The concept, "natural resources", is largely derived from our own society's ceaseless
attempts to find new and more intensive uses for the raw materials of nature and is, to a

t great extent, a creation of man. Perhaps our chief resource is man's intelligence.

When we call something a resource, we have classified it as a means, an instrument,
to achieve our own ends. This is primarily an economic attitude; and, unfortunately, we
are geared primarily for economic decision making concerning resources.

| As population, urbanization, industrialization, and leisure time increase in this
country, the general public is becoming more aware of such resources as air, wildlife,
wilderness areas, and recreational land.

In the United States, we are beginning to recognize factors other than economic in
our resource planning. These factors are simultaneously conflicting and complementary and
require continous coordination. Some of these factors are:

Resource planning for economic output.
Regional planning for urban habitat.

Facility planning for technical efficiency.
Ecological planning for biotic fitness.

Social institution planning for implementation.

oo o
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6. Planning for strong national defense.

Today, in the United States only ten per cent of our labor force is engaged in
providing raw materials while the other ninety per cent are employed in other areas of
endeavor, all of which rest on a base of natural resources. While the number employed in
resource industries has declined in recent years, the volume of resource production and
consumption has been climbing steadily. For example, the consumption of most fuels and
minerals in this country alone has been greater since the beginning of World War I than total
world consumption for all the preceding centuries.

In 1960, the United States used eighty million tons of metals, forty-five quadrillion
B.T.U.'s of energy (equal to one and three-fourth billion tons of coal or eight billion
barrels of oil), eleven and one-half billion cubic feet of timber, twenty-one billion dollars of
farm products, and eighty-five billion gallons of fresh water per day.

Natural resources are usually divided into two classes--renewable and non-renewable. |
The classification can be extended to include inexhaustible and the yet-to-be discovered H
resources.

Renewable resources are those which can be replenished when properly managed.
This includes such things as soil, water, forests, and wildlife (see the outline for more
examples). These resources are renewable in that they can be used for a variety of purposes
and if properly treated, be used over and over. For example, 8soil can be used to produce
crops year after year, and if properly managed, its condition can actually be improved
beyond its original status.

Resources that can be used only once are referred to as non-renewable. Minerals
including fuels, such as coal, petroleum, and natural gas, are examples of this type of
resource. When this type of resource is used, it is gone forever. At least, it cannot be
replaced in the foreseeable future. Conservation of these resources consists of carefully
budgeting the available supply, use of substitutes when feasible, and reuse of scrap metals
when possible.

Resources that seem so abundant at present that the supply appears to be unlimited
are called inexhaustible. In regard to our history of managing resources, it is wise to point
out the words "seem" and "appear".in the definition of inexhaustible resources. The oceans,
sun, solar energy, winds, and atomic energy (fusion) appear to be examples of inexhaustible
resources. However, if we do not manage our environment any better in the future than we
do now, this classification may have to be changed. Air and water pollution as they are now
occurring could affect these resources and cause unpredictable changes in the future.

If science and technology continue to progress at the present rate, new resources and
new uses and substitutes for old resources will undoubtedly be discovered. These yet-to-be
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discovered resources and new uses make up the last category of natural resources.

To date, men have learned that soil has depth, can be classified according ‘o
qualities and physical properties, possesses complex characteristics--each influr.ncing
the other--and that soil management is a combination of practices fitted uniquely to
different kinds of soils. Nearly two million farmers and ranchers plan the use of their
soil and water resources through approximately three thousand soil conservation districts.

Land use determines the amount and quality of food, timber, and fiber crops. It
affects the water supply, condition of the air, space available for recreation, and patterns
of urban development.

Urban expansion, road building, and development of recreational areas is taking
about a million acres a year from the two thousand two hundred and seventy-one million
acres of total land area in the United States. At the present time, approximately eighty-
one per cent of the total is devoted to crops, grazing, and related uses. The other nineteen
per cent is used for cities, highways, railroads, recreational lands, and other similar uses.

At the time of settlement, the forests of the United States were unequalled anywhere
in the world's temperate zone. The forest area was estimated to exceed eight hundred
million acres comprised of more than one hundred timber species. The rapid destruction
of virgin forest tracts helped shape public opinion and make possible establishment of the
present system of national forests and to introduce the principle of sustained yield in
forestry management,

In 1958, the annual timber growth on the five hundred and twenty-nine million acres
of commercial and two hundred and fifty-five million acres of non-commercial forest land
was estimated to be 15.2 billion cubic feet; the estimated harvest for the same year was 20.8
billion cubic feet. Deterioration of quality and low yield is an increasing problem. The
output of forest lands will have to double to meet the anticipated demands of the year 2000.

Water is an indispensable resource and one of the country's major resource
problems. In most areas of the United States, due to uneven distribution and supply, some
form of water management is necessary to maintain a constant supply. Agriculture and
industry make the greatest demands on this supply.

Most water shortages occur not from absolute lack of water, but from failure of
people to plan for optimum use of available supplies. Maintaining an adequate water supply
for future needs is perhaps the major conservation problem confronting people today. They
must be prepared for the eventual cost of such a program and change their thinking from
water quantity to water quality control.

A wilderness area is one totally undisturbeg by economic development or cther
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cultured innovations. Very little of the United States remains in its original state. It is the
feeling of an increasing number of people that some of the virgin areas should be preserved
in their natural state, regardless of the economic possibilities.

Wholesale destruction that led to extinction of several species in the United States
created a climate of opinion that led to the formation of organizations to preserve wildlife.
This movement resulted in the first federal reservation for wildlife in Florida in 1903. In
1961, the number of federal game preserves numbered two hundred and eighty-four and
encompassed 28.5 million acres under the control of the United States Department of the
Interior. In addition, there are millions of other acres under the control of state and
private ownership operated as game preserves.

The loss of a single species may appear unimportant, but it is often the beginning of
a chain reaction that eventually affects many species.

Fishing resources of fresh and salt water have not been fully utilized by people in
the United States because we have never had a shortage of high protein foods. The annual
consumption of fish in the United States is only eleven pounds/capita compared with fifty
pounds or more in many other nations.

Fish and shellfish resources were considered unlimited for many years. However,
depletion of cod in the Atlantic, oysters and blue crabs in the Chesapeake Bay, and the
salmon in the Pacific finally convinced fishermen of the need for conservation measures.

There are more than three hundred species of "useful" fish and shellfish known, but
less than twelve account for sixty per cent of North America's catch. This reservoir of
food will have to be utilized in future years to alleviate the food problem. At present,
sport fishing has a greater impact upon American economy than the commercial fishing
industry--not in terms of total catch, but in terms of money spent for equipment, supplies,
boats, and traveling. In 1960, twenty-five million fishermen spent three billion dollars in
pursuing this sport.

The culwre of this age is accented by the use of power machines and minerals.
Most mineral resources are classed as non-renewable because the deposits are formed
over very long periods of time.

The ratio of the price of minerals to cost of finished mineral products increased
only twenty-three per cent between 1900 and 1957. The real problem for the future is to
keep the price of minerals at a level which people can afford. With the increasing United
States dependence on foreign sources of mineral supply and with increasing competition
from other nations for the same world supply, the necessity for general public policy
pertaining to conservation and use of minerals becomes greater.
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The demand for energy is likely to be about three times as high in the year 2000 as
it is now. New sources of energy, such as: nuclear, oil and gas refined from coal, off-
shore gas and oil, and oil shale development, should help to hold down rising costs.

Technology has been termed the "inexhaustible resource". The rationale of this
idea of infinite resources rests on the assumption that utilization of resources under
certain conditions stimulate techniques which will make more resources available in the
future. However, the limiting factor of any resource use may come when we are faced with
diminishing returns for our investment, or we pollute the environment beyond survival.




OUTLINE OF CONTENT MATERIAL

Definition

Use of Resources

III. Categories ]
A. Renewable resources.
1. Examples of materials.

Soil.
Water.
Forests.
Wildlife.
Grasslands.
Plant communities. |
. Wilderness areas.
2. Examples of energy. |

a. Water power. 1

b. Tides. at
B. Non-renewable resources.

1. Examples of materials.
a. Minerals.
b. Chemicals.
2. Examples of energy.

a. Fossil fuels.

b. Atomic energy (fission).
C. Inexhaustible resources.

T

N RS

1. Examples of materials.
f a. Oceans.
; b. Sun.
| c. Air.
| 2. Examples of energy.
| a. Solar.
| b. Winds.

c. Atomic (fusion).
D. New and yet-to-be discovered resources.

IV. Status of Some Resource Categories

A. Soil and land.
B. Forests.

C. Water.

D.

Wilderness areas.
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Wildlife.
Fisheries.
Minerals.
Shorelines.
Energy.
Technology.

United States Requirements of Selected Natural Resources
and Resource Products - 1960 and Projected 2000*

Cropland including pastures (million acres) 447 476
Wheat (million bushels) 1,110 1,385
Cotton (billion pounds) 7 16
Timber (billion cubic feet) 11 32
Fresh water, withdrawal depletion (billion gallons/day) 84 149
Oil (billion barrels) 3.2 10
Coal (million tons) 436 718
Natural gas (trillion cubic feet) 13.3 34.9
Iron ore (million tons) 131 341
Aluminum, primary (million tons) 2.1 13.3
Copper, primary (million tons) 1.7 4.5 i
Nuclear power (million kilowatt-hours) ———————- 2,400

* Fisher, J. L., Future Environments of North America, p. 273, 1966,
originally from Landsberg, Fischman, and Fisher, Resources in America's Future, 1963.
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LEARNING ACTIVITIES AND MATERIALS

I. Learning Activities
A. Demonstrations.
1. Burn a piece of coal to produce energy and to illustrate the meaning
of a non-renewable resource.
2. Plant various species of plants in different types of soil (sand, clay, 03
etc.) to illustrate the relationships of one resource to another. L
3. Prepare examples of natural resources found in your area.
B. Field trips.
1. To a managed lumbering area to illustrate a renewable resource.
2. To an electric generating plant using coal or oil to illustrate the use
of a non-renewable resource.
3. To any outdoor area to see the relationship of non-renewable .l
resources and renewable resources.
Example: Note the change in species that occur B
in a wooded area before and after the B
trees are harvested.
4. Follow a stream for several miles and note the different uses made
of the water (a renewable resource).
5. Visit a managed watershed ard studv the inter-relationships of
all the natural resources in the area.
C. Discussion.
1. How would the misuse or remcval of a natural resource from your
community affect the other resources? How would it affect you?
2. Is management of natural resources "big" business? Give
examples to support your answer.
3. How do you disrupt natural cycies by burning weeds, leaves, and
grass at home?
4, What will happen to the United States as a world power if we do not
start using better conservation practices?
5. Who owns the natural resources ?
| D. Bulletin board displays.
1. Make a resource cycle. Show the inter-relationship of all resources.
2. Show the major resources of your community and how they affect the
economy, recreation, and health of the people of the community.
E. Student activities and projects.
1. How many different natural resources are found in your community ?
2. Start a collection of natural resources of your area. Classify them
according to renewable or non-renewable resources.
3. Is your community managing these resources properly? If not,
outline a list of possible conservation practices that could be employed.
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4. List all the natural resources that you use at home. Determine
if any substitutes could be used for these resources.

What could you do to help conserve natural resources ?

Write a paper concerning the decline and fall of ancient
civilizations. Did natural resources play a role in their decline ?

el

II. Learning Materials
A. Audio-visual materials.
1, See list of sources at the end of the guide.
B. Books and pamphlets.

1. Allee, D., "American Agriculture--Its Resource Issues for the
Coming Years', Daedalus, pp. 1071-1081, Fall, 1967.

2. Allen, Shirley W., Conserving Natural Resources, McGraw-Hill,
New York.

3. Bates, Mason, The Nature of Natural History, Charles Scribner's
Sons, New York, 1961.

4. Boylko, H. (editor), Science and the Future of Mankind, Dr. W.
Junk Publishers, The Hague, 1964.

5. Callison, Charles H., America's Natural Resources, The Ronald
Press Company, New York, 1957.

6. Curtis, H. A., "The Barrier of Cost", pp. 79-85, Perspectives
on Conservation: Essays on America's Natural Resources, H.
Jarrett (editor), The Johns Hopkins Press, 1958.

7. Duhcan, C., "Resource Utilization and the Conservation Concept",
A Bobbs-Merrill reprint from Economic Geography, Vol. 38, No. 2,
April, 1962.

8. Fisher, J. L., "Natural Resources and Economic Developments: The
Web of Events, Policies, and Policy Objectives', pp. 261-276, Future
Environments of North America, The Natural History Press, 1966.

9. Gabrielson, Ira N., Wildlife Conservation, 2nd Edition, The MacMillan
Company, New York, 1963.

10. Griffiths, J. C., "Exploration for Natural Resources', Operations
Research, Vol. 14, No. 2, March-April, 1966.

11. Handbook for Teaching of Conservation and Resource Use, Natural
Association of Biology Teachers, Washington, D. C., 1958.

12. Hill, Wilhelmina, The Three R's and Resources, National Wildlife
Federation, Washington, D. C., 1959.

13. Hunkers, H. L. (editor), Erich W. Zimmerman's Introduction to
World Resources, Harper & Row, 1964.

14. Landsberg, H., Natural Resources for United States Growth, The
Johns Hopkins Press, 1964.

15. Landsberg, H., "The United States Resource Outlook: Quantity and
Quality', Daedalus, pp. 1034-1057, Fall, 1967.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

Maslach, G. J., "The Reorganization of Education Resources',
Daedalus, pp. 1200-1209 Fall, 1967.

Nolan T. B., "The Inexhaustible Resource of Technology",
pp. 49-68, Perspective on Conservation: Essays on America's

Natural Resources, The Johns Hopkins Press, 1958.

Pennsylvania Teaching Guide to Natural Resources Conservation,
Curriculum Service Series No. 7, Department of Public Instruction,
Harrisburg, Pennsylvania, 1962.

Prien, C. H., "The Future of United States Oil Shale Resources",

Geoscience News, March-April, 1968.
Quest for Quality, Conservation Yearbook, United States

Department of the Interior, 1965, (also 1966 and 1967 Yearbook}.
Revelle, R., "Outdoor Recreation in a Hyper-productive Society",
Daedalus, pp 1172-1191, Fall, 1967.

Rogers, Rogers. J. J. W. and Adams, J. A. S., "Man in Geologic
Perspective'", Chapter 16, Fundamentals of Geology, Harper &
Row, 1966.

Spoehr, A., "Cultural Differences in the Interpretation of Natural
Resources" A Bobbs-Merril report from Man's Role in Changing

the Face of the Earth, The University of Chicago Press, 1956.

Wollman, N., "The New Economics of Resources”, Daedalus,
pp. 1099-1114, Fall, 1967.
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BACKGROUND INFORMATION

Man's progress from non-machine levels of culture to machine levels of culture has
been closely correlated with an increased use of energy. In fact, some historians claim that
a nation's progress can be measured by its consumption of energy. Increased use of energy
leads to increased production; increased production leads to more leisure time; more leisure
time gives man an opportunity to invent and use more labor-saving devices.

Although not a true classification, it is convenient to divide energy into two catego-
ries--potential and kinetic energy. Potential energy (stored) may be converted into kinetic
(energy of moving objects) and vice versa. The pendulum is a good example of this. At the
peak of its swing, all of the energy is potential and at the lowest point of its arc, all of the
energy is kinetic. Halfway between these two points, the energy is fifty per cent kinetic and
fifty per cent potential.

Potential energy may be due to certain properties of the material itself. A piece of
wood has potential energy because it has the ability to undergo rapid oxidation and produce
energy (heat and light). Other materials may have potential energy as a result of their
position, such as a rock at the top of a cliff. The rock will fall and release energy, but the

force of gravity imparts the energy to the rock.

P T S P U P

Kinetic energy is energy in motion or energy that is doing work at that precise
moment, for example, a flowing stream.

Chemical energy, in this unit, refers to any energy released as a result of a change
in the combinations of molecules or in a change in the atom itself. In this light, chemical
energy is divided into two categories--bond and nuclear energy. Under suitable conditions,
atoms may combine to form molecules. Energy is required to hold the atoms together to
form a molecule and is known as bond energy. If the bond between the atoms in a molecule ’
is broken, the energy that originally held the atoms together is released. For example, if
a piece of wood (CgH10O5)x 18 burned, heat is given off. This heat is formed as the result
of the bonds between the carbon atoms being broken. Another example of the release of
bond energy occurs in the living cell when a molecule of glucose (CgH120¢) i8 respired.

However, burning (combustion) releases energy rapidly with considerable production
of heat. Respiration releases energy more slowly with little heat given off and the majority
of released energy is stored again as bond energy in a molecule of A, T.P. (adenosine tri-
phosphate). When the cell needs energy, the A. T.P. molecule breaks down into A.D. P.
(adenosine diphosphate) plus phosphate plus energy.

A.T.P. &— A.D.P, + P + Energy
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This is a reversible reaction. The A.D. P. plus phosphate traps the energy as it is released
by respiration and stores it as A, T. P. until it is needed. The energy stored by A.T.P. is
the same energy absorbed by the green plant from the sun during photosynthesis.

Nuclear (atomic) energy is energy released by an atom by either fusion or fission.
When the nuclei of two or more lighter elements combine to form the nucleus of a heavier
element, energy is released by mass being converted to energy. This process occurs in the
stars and the hydrogen bomb and is called fusion. The most common example is the fusing
of hydrogen nuclei to form a helium nucleus. Atomic energy by fission is produced when the
nucleus of a heavy element, such as Ua3g, is split by neutrons to form the nuclei of lighter
elements, such as Barium and Krypton. The splitting of the atom is achieved by bombarding
the unstable nucleus with a neutron. This causes the nucleus to decay. A tremendous '
amount of energy is released in relation to the mass involved.

Energy can be found in many forms (examples are listed in the outline). The impor-
tant thing to remember is that one form of energy can change into any other form of energy.

All forms of energy can be traced back to the sun. Consequently, the sun is our true
source of energy, and all living things depend on this energy. The green plants are the
major transformers of radiant energy into usable forms for other organisms by the process
called photosynthesis (for more details on photosyrthesis, see the unit on plants).

Fossil fuels, in a sense, are storehouses of radiant energy that reached the earth
millions of years ago. These fuels provide the major source of energy for most nations.
Coal, formed from vegetation by a process of heat and pressure, is divided into several
categories--peat, lignite, soft (bituminous), and hard (anthracite). Petroleum is formed
from plant and animal remains and is trapped in the ezrth's crust in permeable rock (sand-
stone) layers between impervious rock layers (shale).

Water, because of its gravitational energy, is a prime source of energy. Water
energy can be useful or harmful. It may be useful when it is used to generate electricity. It
may be harmful when it causes erosion. Water erodes soil by rill, sheet, gully, and riparian
erosion (more information in the units on soil and water).

Windmills and sailboats put wind to work as a source of energy for man. However,
wind is not a major source of energy for useful work.

Energy is usually measured by the amount of work it does or can do. Work is usually
measured in foot pounds. That is, the weight of the object moved (in pounds) times the verti-
cal distance (in feet) it is moved. A thermometer is used to measure the amount of heat
energy (average kinetic energy of all the molecules) in an object. It can be measured in the
Centigrade scale (water freezes at 0° and boils at 100°), Fahrenheit scale (water freezes at
32%and boils at 212°), and absolute or Kelvin scale where absolute zero is equal to -273. 1°C.
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Heat is measured in calories (metric) or British Thermal Unit (B.T.U.) (English)
units. A calorie is the amount of heat required to raise the temperature of one gram of
water 1°C. A B.T.U. is the amount of heat required to raise the temperature of one
pound of water 1° F,

Electrical energy is measured in watts and watt-hours. A watt is equal to 1/746 of a
horsepower (1 H( P, = 38,000 ft. Ib. /min.). A watt-hour is a unit of work equivalent to the
power of 1 watt for 1 hour or 2,655 ft. lb. The prefix kilo is added to the above terms to
indicate 1,000 times.

Energy consumption can be used as a measure of a nation's standard of living. In
general, the more energy consumed, the more leisure time, and the better the people of a
nation live.

The Law of Conservation of Energy and the Law of Conservation of Mass state that
neither mass nor energy can be created or destroyed, only transformed. Einstein combined
these two ideas into a mathematical equation (E = MC2) that makes the two laws more plau-
gible. That is, the sum total of mass and energy remains constant in any transformation
but mass may be converted into energy, and energy may be converted into mass.

Any form of energy may be transformed into any other form of energy, such as elec-
trical to mechanical. However, it has been shown that when a body gains energy, its mass
increases--the extra mass is because of the gained energy. When matter emits radiation, it
loses a small bit of mass. Therefore, we can say that particles of matter are interchangea-
ble with radiation; and thereby, are able to be interchangeable with other forms of energy.

Each time energy is transformed, there is a loss of available energy to do work.
This can be illustrated with the electric motor. A certain amount of electrical energy enters
the motor to be converted to mechanical energy. The amount of mechanical energy available
to do work will be less than the amount of energy entering the motor because some of the
original energy will be used to overcome inertia and friction within the motor.

In general, energy may be transferred in three ways: radiation, conduction, and
convection. Conduction is the transfer of energy from one molecule to the next and occurs
primarily in solids. As one molecule receives energy, it becomes more excited and in-
creases its movement until it touches the molecule next to it and transfers energy to it. This

- continues until all of the molecules are excited, or the energy source is removed. Convec-

tion occurs primarily in fluids (liquids and gases) and results in the spaces between the
molecules becoming larger. This makes it less dense than the surrounding molecules which,
in turn, are attracted more strongly by gravity and are pulled downward. This forces the
heated molecule upward, and the process is repeated with other molecules forming a stream
of molecules referred to as a convection current. Eventually, the original expanded fluid
loses some energy and starts to contract making it more dense; thus, gravitational attraction
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is increased, and the fluid is again attracted toward the energy source. Radiation transfers
energy without the use of any molecules. A good example of this is the way the energy from
the sun reaches the earth.

Early man (1, 75 million years B.P. to 700,000 years B.P.) (B. P. = before present)
lived in small groups and preyed on very small animals as his energy source. These °
animals were acquired by hunting and fishing. At this point, man was simply a user of
energy. As the central nervous system developed and became integrated, the learning ca-
pacity of man increased, and he started to use fire. Fire, the first form of energy =
controlled by man, was used to cook his food and warm his shelters.

Man still did not control his food (energy) supply. Cro-magnon man started some
control over the energy supply with the advent of the part-time hunter and part-time priest.
These men provided a service to the rest of the people which released them from the task of
self-support. The emergence of full-time specialists in a civilization does not take place
until man develops a more complete control of his food supply. Having used a hunting style
designed to produce great quantities of meat whenever possible, men had more control over
their food supply, but only during certain seasons. They traveled the same migratory paths
used by large herds of bison and antelope.

About 10,000 years ago, these men discovered the advantage of keeping more docile
members of certain animal herds in a corral. When winter approached, weak, diseased,
and overly aggressive animals were slaughtered for food. This was the start of selective
breeding. In this manner, man has contrived to control his food supply and has started
domestication of animals.

Domestication of animals led to the emergence of sedentary villages, pottery making,
and other new cultural features. Plant domestication and the production of food on a large
scale released many of the population from the task of food procurement and ushered in at
3,300 B.C. (the birth of civilization in the Near East) the urban revolution with its classes
of priests, potters, soldiers, and builders. Man now controlled his food cycle at most of its
points,

Energy utilization was one of the bases for the type of cultural behavior archaeologists
call urbanization. The energy exchange which exists between the cultural, biological, and
physical environments varies from culture area to cultural area; and as each environment
offers different problems of energy utilization, the response by man will vary and different
cultures will emerge.

The four major centers of culture (Mesoamerica, China, the Near East, and the Indus
Valley of India) faced various energy utilization problems; and, thus, formation of contrasting
cultures. Different energy utilization problems existed because of diversity in climates and
terrain; and, éeréfore, a variance of wild animals and plants were present for domestication.
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Once domestication of plants and animals occurred, energy utilization problems became very
similar. By 1500 B.C., civilization flourished in each of these areas. Each had an agri-
cultural base, but no two had the same staple crop or method of production.

In Egypt and the Mesopotamian Valley, the value crops were wheat and barley. Wheat
was gradually replaced by rye. Cattle and pigs were maintained in large corrals and repre-
sented the major source of protein and beasts of burden.

The early Mayan and Toltec peoples of Mesoamerica (Central America) farmed on
rivers and lakes by building massive platforms (chinampas) which floated from shore. They
raised maize, peppers, tomatoes, and potatoes on these rafts. Dogs were also raised for
food. These people hunted and ate jaguar, ocelots, and pumas and had no beasts of burden.
Consequently, this civilization utilized the energy of slaves to a far greater extent than did

Egypt.

In China, rice was the prinicple crop. Dogs and pigs were the only domesticated
animals until the Mongol herders introduced the onager (wild ass).

Early peoples in India subsisted on wheat and a form of wild corn. Pigs, goats, and
sheep were used as food animals; but the pattern was either just pigs where wheat was raised
or goats and sheep where corn was raised due to the climate and terrain. :

Man's civilization and culture depend very much on his utilization and control of
energy. If the food supply is obtained by hunting and fishing, there is little control over the
energy supply; and practically all of man's energy is used to obtain the next day's supply of
energy. Domestication of animals and plants allowed man some time and energy to devote to
purposes other than acquiring food. Therefore, the greater control man has of his food
supply, the more time and energy he can devote to other activities.




OUTLINE OF CONTENT MATERIAL

I. Description
A. Definition: ability to do work.
1. Work (force times distance).
2. Power (rate of doing work).
B. Categories.
1. Potential (stored energy).
a. Due to gravitation or position.
b. Due to chemical or other qualities within the material.
2. Kinetic (energy of moving objects).
C. Ability to be interchanged.
Example: Swinging pendulum.

II. Types of Energy
A. Gravitational - Position causes an object to have potential energy.

Example: A rock at the top of a cliff.

B. Mechanical - Momentum gives an object the ability to do work.

Example: Moving water, rotating wheel, and projectile in flight.

C. Electrical - An electron is a negative charge of electricity.
Example: A stream of electrons flowing through a wire (a conductor) is an
electrical current--one of the most useful forms of energy.
D. Chemical.

1. Bond energy - The energy required to cause atoms to combine into a
molecule is locked into the molecule. If the bond is broken, energy is
released.

Example: Burning a piece of wood (mostly cellulose) produces heat by
breaking the carbon bonds. This is the same energy origi-
nally absorbed by the plant from the sun. A living cell
breaks down glucose (CgH1206) by respiration and energy
is liberated.

a. Combustion (burning) - Energy is released rapidly and much heat is
given off.

b. Respiration (cellular energy release in a living organism) - Energy is
released slowly with little heat given off. Most of the energy released
is stored again as bond energy in a molecule of A. T. P. (adenosine
triphosphate).

1. A.T.P. acts as a storage reservoir for energy.

2. Energy is released as the cell needs it by breaking A.T. P. into

A.D. P, (adenosine diphosphate) and phosphate.

A. T.P. & A.D.P. + P + Energy
(reversible reaction)
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2. Nuclear (atomic energy) - Energy is released due to a change in the nucleus

of an atom.

a. Fission.
1. One pound Uranium = 2 1/2 million times the energy produced by

one pound of coal.
2. The splitting of a heavy nucleus to form the nuclei of lighter
elements. '
Example: Uranium to Barium and Krypton.

b. Fusion.
1. One pound of Hydrogen to Helium produces 20 million times the

energy produced by one pound of coal.
2. The nuclei of lighter elements combine to form the nucleus of a
heavier element.
Example: Hydrogen to Helium.
c. Radioactive material - Energy is released by the decaying of the
nucleus (radiation).
1. Alpha particles (nucleus of a helium atom).
2. Beta particle (an electron).
3. Gamma rays (form of radiant energy).
d. Amount of energy released is tremendous in relation to the mass of the
material involved.
e. Radiant energy.
1. Sun.
Examples: Heat and light.
2. Radio and television waves.
3. X-ray.

T T

promweres

III. Forms of Energy
Heat.

Light.
Chemical.
Electrical.
Mechanical.
Sound.
Nuclear.
Radiant.

momEUop >

| IV. Sources of Energy

- A. The sun. |
1. Provides the ultimate source of energy for all plants and animals.

2. Helps to determine the type of vegetation and animal life.
3. Helps to determine the way people make a living.
4. Helps to determine the total culture of a people.

>

C-7

1 | |



B. Plants.
1. Photosynthesis stores energy in the plant.
2. Provides food for animals.
C. Fossil fuels--major sources of energy for all nations.
1. Coal.
a. Geological formation of coal. b
b. Mining of coal.
c. Effect on the economy of an area.
d. Types of coal: bituminous and anthracite.
2. Petroleum,
a. Formation of petroleum.
b. Drilling for oil.
c. Effect on economy of an area.
d. Refining petroleum.
3. Natural gas. ]
a. Formation of natural gas.
b. Drilling for natural gas.
c. Effect on economy of an area.
D. Water.
1. Constructive uses.
a. Provides power for industry.
Example: Hydroelectric plants in Niagara Falls, T.V.A.,
Hoover Dam, and Grand Coulee Dam.
b. An important means of transportation.
c. A major source of recreation.
2. Destructive uses.
a. Erosion of topsoil.

b. Flooding.
c. Pollution.
E. Wind.

1. Constructive uses: windmill, sailboats, etc.
2. Destructive forms.
a. Hurricanes and tornadoes.
b. Erosion.
1. Dust storms.
2. Abrasion of materials.
F. Miscellaneous.
1. The atom - nuclear reactors.
a. Peace-time uses: electricity, etc.
b. War-time uses and responsibilities involved.
c. Radiation fallout.
2. Earth - internal heat (heat pump).
3. Explosives: Gunpowder, nitroglycerin, dynamite, and T.N. T.
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G. Sources of energy in percentages of the total (United States).*

Year Coal 0oil Natural Gas  Hydroelectricity ~Wood
1850 9.3 -—-- -—-- -—- 20.7
1900 71.4 2.4 2.6 2.6 21.0
1930 57.5 23.8 9.1 3.3 6.1
1955 28.7 40.0 25.0 3.7 2.6

xFrom Shurr & Netschart, Energy in the American Economy,
Hopkins Press.
H. Evaluation of the sources of energy.
1. Concentration.
2. Convertibility.
3. Convenience.

V. Measurement of Energy
A. Energy of "work" - foot pound.
B. Heat energy.
1. Thermometers.
a. Centigrade scale.
b. Fahrenheit scale.
c. Absolute scale.
2. Heat units.
a. Metric system - calorie and kilocalorie.
b. English system - British Thermal Unit (B.T.U.).

C. Electrical energy.
1. Watt and kilowatt.
9. Watt-hour and kilowatt-hour.
D. Energy as a measurement of a nation's standard of living.

1. Energy consumed is directly proportional to a nation's standard of living.
a. Earliest man consumed 2,000 to 3, 000 calories/day (as food only).
b. Discovery of fire and domestication of animals increased man's
calorie intake to 10,000 calories/day (as food plus other forms).
c. By 1965, calorie intake totaled 192, 000 calories/day as man made

use of falling water, coal, oil, and gas energy.

2. Energy consumed is directly proportional to the amount of leisure time

enjoyed by a nation.

Johns

a. Estimated that in the United States today, our use of energy

3. Energy consumption in the United States.

P) a. 1900: The United States with 6% of the world population consumed 1/3
| of the world's total energy production.

C-9

ERIC

i (appliances, etc.) has given each of us the work output of 200 slaves.
b. By the end of this century, we should have the equivalent of 300 slaves.




VII.

—

1dod by ERIC.

b. Heat and power for:

. Industry - 35.5%#

. Residential use - 20.0% = 64%.

. Commercial use - 8.5%

Transportation - 20.3% (i0% for private automobiles).

Other activities - 16% (industry, agriculture, government, and
military).

GV W N =

VI. Conservation of Mass and Energy

A.

Accepted theories.

1. Helmholtz (1847) stated that energy cannot be created or destroyed but
may be transformed from one form to another.

Example: Electrical to mechanical.

2. Lomonsov (1756) and Lavoisier (1783) independently stated that matter
cannot be created or destroyed but may be transformed from one form to
another.

Example: Ice to water to steam.

3. The two generalizations combined.

a. Not exactly accurate as stated above.

b. Einstein combined them into a mathematical equation: E = MCz,
where: E = energy inergs, M = mass in grams, and C = a
constant (velocity of light) (3 x 1010 em, /sec.).

Conserving energy as a natural resource.

1. Increase the efficiency of methods used to obtain energy.

2. Increase the efficiency of distribution of the energy sources.

3. Increase the efficiency in the utilization of the energy sources.

There is a constant amount of energy and mass in the universe and the total

alters only in form,

What has been the government's function in the conservation of energy or

potential energy ?

1. Must regulate for the sake of long-term social interest the desire for
quick profits in the extracting industries.

2. Must eliminate the wasting of nonrenewable energy sources.

3. Must develop and utilize resources of all types for the maximum
satisfaction of social needs.

Transformation of Energy
A,

Types.

1. Electrical to mechanical.
2. Electrical to light.

3. Electrical to sound.

4. Mechanical to electrical.
9. Chemical to heat.
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B.

C.

D.

6. Chemical to mechanical.
7. Chemical to electrical.
8. Sound to electrical.
Constancy,

Example: Sunlight (radiant) may be absorbed by a green plant, converted
to bond energy in a glucose molecule. This may then be
transformed into wood. The plant dies and the wood may be
transformed into coal over a period of time (millions of years).
The coal may then be burned producing heat and light. The
heat may be used to convert water into steam to turn a turbine
to operate a dynamo to generate electricity. The electricity
may be used to produce mechanical energy, light, or many
other uses.

Mass to energy - energy to mass.

1. When a body gains energy, its mass increases.

9. When matter emits radiation, it loses a small bit of mass.
3. Any form of energy can be converted into any other form.

Loss of energy.
1. Each change that occurs reduces the amount of energy available for work

when compared to the original amount of energy.
2. The causes are inertia, gravity, friction, and molecular forces (cohesion

and adhesion).

Transferring of Energy

A.

B.

Heat energy.

1. By conduction.
2. By convection.
3. By radiation,
Electrical energy.
1, Conductors,
2, Insulators.

History of Man and Energy

A.

B.

1,75 million years B, P, to approximately 700,000 B.P., man-like forms
lived in small groups of nomadic hunters.

700,000 to 600,000 years ago, man learned to use fire,

1. Cooking, heating the cave, etc.

2. Man's first step in control of energy, but in only one form.
Cro-magnon man - first to start zontrol of food supply (energy supply).
About 10,000 years ago, domestication of more docile animals began.

1, More control over food supply.

2. Indirect selective breeding.

3. Sheep and goats were domesticated first.
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G. Modern day energy consumption,

4, Pigs were domesticated next.
5. Cow was domesticated about 5,000 years ago.
Domestication of animals prompted formation of sedentary villages. |
1. Pottery making and other new cultural features.
2. Domestication of plants.
a. Urban revolution.
b. Man now controlled the energy cycle at most of its points.
Formation of civilizations and culture.
1, Based on energy utilization.
2, Different environments present different problems of energy
utilization by man,
3. Four major cultural areas of the world.
a., Mesoamerica.
b. China.
c¢. The Near East.
d. The Indus Valley of India.
4, All had an agricultural base but different staple crops.
a., Mesoamerica (Mayan and Toltec peoples).
1. Maize, peppers, potatoes, and tomatoes.
2. Raised food on chinampas. |
3, Raised dogs for food - hunted and ate jaguar, ocelots, and pumas. ﬂ
4. Did not have beasts of burden. ‘
b. China. |
1. Rice. ”
2. Dogs, pigs, and onagers only animals.
c. The Near East.
1. Wheat and barley followed by rye.
2. Cattle and pigs.
a. Food supply.
b. Beasts of burden.
d. India.
1. Wheat and a form of wild corn.
2. Pigs, goats, and sheep.

1. Industrialized countries use the most.
a. United States.

b. Russia.

2., Non-industrialized areas.
a. Africa.
b. Asia,

c. Middle East.
d. Latin America.
e. These countries will make increasing demands on the energy supply.

C-12




3.

4,

6.

E‘—-J

©

ERIC

PAFullToxt Provided by ERIC

Fossil fuel reserve.

a.
b.

Knowledge based on known technology and supplies.

Assumptions.

1. Whole world would become industrialized.

2. Coal would last 150 years.

3, Oil and natural gas would last less than 150 years.
4, These are irreplacable.

Atomic energy.

a.
b.

Number - approximately 200 reactors in the United States.
Problems involved.

1. Acquiring the proper fuel.

2. Large capital outlay for the reactor.

3. Disposing of radioactive waste material.

4, Thermal pollution.

5. Must be a large-scale operation to be economical.

Major effects of increased energy availability.

b.

Allows us to do many things with less effort and in less time and
increases leisure time.

Allows us to do things that were not possible before.

1. Refrigeration.

2. Flight.

3. Space travel.

Need for management of energy.

a.

b,

c.
d.
€.
f.

Mastery of energy may lead to man's destruction.
Example; Wage war on a more efficient and greater scale.
Mastery of energy may lead to a better life.
1. Less effort involved in work.
2. More leisure time.
The role of government in establishing goals in a democratic society.
Implementation of the goals established by the government,
The role of private business.
The role of and the responsibility of the private citizen.
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LEARNING ACTIVITIES AND MATERIALS

L. .. Learning Activities |
A. Demonstrations, -

1. Place a radiometer in the sunlight and explain how the device detects the ]
presence of radiant energy. Discuss how the radiometer converts radiant
energy into kinetic energy of motion. :

2. Use a Geiger Counter to detect radiation at different locations. Discuss }
radiation fallout as a hazard.

3. Make a thermometer by placing a one-hole stopper containing a long piece
of glass tubing into a Florence flask, Fill the system with colored water. !
Determine the "fixed points" (freezing and boiling points) by first placing
it in a mixture of ice and water and then in a steam bath. ‘ 1

4, Measure the temperature of mercury in a container. Stopper it tightly and ,
insulate the container to avoid heat transfer from any external source.

Shake the container vigorously for a few minutes and again measure the -
temperature of the mercury. This will readily illustrate the heat equiva- |
lent of mechanical energy.

5. Drop melted wax at regular intervals along the length of a metal rod,
Place a thumb tack in the wax droplets before the wax hardens. Hold the
rod with a pliers and heat the other end in an open flame. The sequence in
which the tacks drop off indicate the conduction of heat. Repeat, using a [

wooden rod. Explain the different results. L
6. Begin heating a full beaker of water on one side of the beaker bottom. Add

several pinches of fine sawdust to the water. Detect the convection current.
7. Fill two beakers with water and add ink to one. Check the temperature of ]

each beaker and place them in a sunny location for one hour, Stir the
water and record any difference in temperature.

8. Destructively distill a given weight of bituminous coal in a hard pyrex test
tube. Emphasize that although the forms of matter have changed, the total
available energy from the system remains the same.

9. By means of a screw eye, attach a two-foot string to a one-inch wooden
ball. Attach the string to a solid support and using the ball as a pendulum,
permit it to swing back and forth, How long does it take to stop swinging?
Attach another string of the same length to another ball of the same size
and weight. Hang this second ball adjacent to the first one in such a
manner that the two balls just touch. Carefully pull ball No. 1 away from
ball No. 2 and permit it to swing down and hit ball No2. What happens?
Explain. How long before the two balls come to rest?

10, Place a tablespoonful of sugar (sucrose) on the bottom of a 250 c.c. pyrex
beaker and place in the center of a piece of plate glass 18'" x 18", Care-
fully add 10 c.c. of concentrated sulfuric acid (HaS8O4). This is an example
of the release of bond energy (chemical energy).
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11,

12.

13,

14.

15,

16.

17.

18,

19,

20,

21,

Secure a flashlight lens (double convex) and use it to focus the rays of the
sun on a single point of paper.

Drive a car from a cool garage or shaded area into direct sunlight. Place
a thermometer in the car and close all the windows. An hour later, note

the temperature and compare with the original temperature.

Secure two 500 c.c. pyrex beakers. Fill one with hot water (1600 F.) and
the other with ice water. Drop a cube of sugar into each beaker. Which
cube of sugar dissolves first? Why?

Secure two similar thermometers and wrap the bulb of each in a handker-
chief. Record the temperature registered by each thermometer, Soak
one handkerchief in water at room temperature; the other remains dry.
Fan both thermometers for several minutes. Compare the two tempera-
tures.

Make a paper pin wheel and hold it in front of an electric fan. Turn on
the fan. What happens? Place the pin wheel above a candle, What
happens ?

Punch a hole in the center of three pieces of cardboard., Place the cards
ten inches apart and hold the flashlight in front of them. Move one of the
cards slightly out of line and repeat. This illustrates the straight line
movement of light.,

Hold a glass close to a light source and note how the light passes through
the glass. Hold a piece of paraffin close to the light source and note the
absorption of radiant energy and conversion to heat. Hold a mirror to the
light source and note the reflection. Three actions: pass through,
absorb, or reflect.

Fill five glass jars of equal size with water. Cover each jar with a differ-
ent color: red, green, black, yellow, and white. Place a one~hole
stopper with a thermometer in each jar and place in direct sunlight for
approximately one hour. Record the temperature in the beginning and at
the end of the experiment. Note and explain any differences. How does
this affect you?

Place two thermometers on the ground in diret sunlight about two feet
apart. Cover one thermometer with smooth,. black material and the other
with rough, black material. Record tke temperatures after one hour.
Explain any differences.

Cover a jar filied with water with black cloth and shine a high intensity
light directly on the jar for one hour. Record the temperature before and
af'ter the experiment.

Place one potted plant in complete darkness and another potted plant in
sunlight, Water and temperature should be kept constant for both plants.
Observe both plants every few days and; record the differences. Explain,
Using a light meter, record the light intensity in an open area in a forest
and note the number of plants growing in a three-foot square. Repeat the
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same procedure in a shaded area. Compare the number of plants and the
different species in each area. Explain the difference.

23. Dilute sulfuric acid by pouring concentrated acid into water and note the
liberation of heat.

24. Drop a crystal of sodium thiosulfate into a saturated solution of sodium
thiosulfate in a test tube. Heat will be liberated as crystals form. This
is known as heat of crystallization.

25. Examine and explain the dry cell and the wet cell.

26. Explain and demonstrate working models of the automobile, diesel, and
aircraft engine,

B. Field trips.
1. A trip to a shaft coal mine and/or strip mine.
2. A trip to an electric generating plant,
3. A trip to an old-fashioned grist mill operated by water power.
4, Visit the furnace room of your school.
5. A trip to an oil field and gasoline refinery.
6. A trip to see a cyclotron at the University of Pittsburgh or a nuclear
reactor at the Pennsylvania State University or Saxton, Pennsylvania,
7. A trip to see a steam engine in action.
C. Discussion.

1. Debate:
a. Resolved: The federal government should abolish the electrical
power projects.

2. Discuss the various types of food needed for good health,
3. Compare the energy content of different fopds (fats to proteins).
4. How long will our present supply of fuel last (coal, oil, etc.)?
§. What are the advantages and disadvantages of nuclear power?
6. How is our electricity generated?
7. Discuss the ways in which we use energy.
8. Discuss work as scientists define the term compared to the way most
people refer to it.
9. Discuss potential and kinetic energy. Discuss why some objects have
potential energy in some situations but not in others,
10. List the factors that determine one's daily calorie intake. Compare the
laborer to an cffice employee.
11. Discuss the three criteria of judging a fuel: convenience, convertibility,
and concentration,
12. Every form of energy can be regarded as kinetic energy or potential
energy or some combination of them. Why is this so?
18, Consider the changing energy forms involved in turning on a flashlight.
14. The future course of civilization will be strongly influenced by the way
in which we use freedom from routine and repetitious operations which
energy is giving to us in the form of more leisure time. What will it be
used for ?
C-16
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15.

16.

1.
2.
3.
4,

Explain the early uses of water power and how engineering has helped to
improve its uses.
Why is the use of water power so limited at the present time?

D. Bulletin board displays to show:

Where our energy comes from.

How we use coal, petroleum, and nuclear energy.
Where our food comes from.

Benefits which we receive from the sun,

E. Student activities and projects.

1.
2,
3.

4,

S.
6.
7.

8.

9.

1.

1.
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Make a waterwheel, windmill, or electric motor,

Make maps to show state parks and other recreation parks in the state.

Write reports on conservationists--Gifford Pinchot, Theodore Roosevelt,

etc.

Write a paper.

a. The pros and cons of government intervention in the conservation of
resources of energy.

b. Who owns America?

c. Energy and potential energy sources.

d. Trace the energy found in food and fuels back to the energy of the
sun.

e. Submit a paper on what you believe to be the role of sources of
energy and their conservation for the nation's future.

Make models of the three classes of levers.

Set up a system of pulleys to show mechanical advantage.

Secure a thin, copper wire (insulation removed) and place it between the

terminals of a dry cell. Touch the wire with your finger to note any

temperature change.

Secure a rubber balloon and inflate it until it reaches a safe size.

Fasten the balloon to a soda straw, pass a wire through the straw, and

release the balloon. This should help explain how a jet motor works,

Secure four blocks of wood 2" x 4" x 4". Two of these are to be used in

Part A and the other two in Part B. (A) Hold one of the blocks of wood

against the cheek to note the temperature. Now rub the two blocks of

wood together vigorously for several minutes and again place against the

cheek to note temperature. (B) Repeat A, but this time apply a liberal

amount of vaseline to each of the two surfaces to be rubbed together.

II. Learning Materials
A. Audio-visual materials.

See list of sources at the end of the guide.

B. Books and pamphlets.

Earth Science Curriculum Project, Investigating the Earth, revised 1965
text (unpublished).
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10.

11,
12.

13.

14,

15.

16.

17,
18,

19.

20.

21.

Braidwood, R., Prehistoric Man, University of Chicago Press, 1957.

Braidwood, R. and Howe, B., Studies in Ancient Oriental Civilization,
No. 31, University of Chicago Press, 1960.

Brenil, H. and Lantier, R., The Man of the Old Stone Age, St. Martin's
Press, New York, 1959.

Brown, H., The Challenge of Man's Future, The Viking Press, 290 pp.,
1953. .
Cambel, A. B., "Energy", Science Journal, V. 3, No. 10, pp. 57-62,
October, 1967.

Chalmers, B., Energy, Academic Press, New York, 289 pp., 1963.
Emmerich, W., Gottleib, M., Helstrom, C., and Stewart, W., Energy

Does Matter, a Westinghouse Search Book, Walker and Company, New

York, 250 pp., 1964.

Hawkes, J., The World of the Past, Vols. 1 and 2, A. Knopf Company,
New York, 1963.

Hefferman, Helen and Shaftel, George, The Energy Story, L. W. Singer
Company, Syracuse, New York, 1963.

Heizer, R., The Archaeologist at Work, Harper and Row, 1959.

Kennedy, E. L., "Energy Comes of Age", a print of an address at Juniata
College, Huntingdon, Pennsylvania, November 20, 1964.

Landsberg, H. H., Fischman, L. L., and Fisher, J. L., Resources in
America's Future, Patterns of Requirements and Availabilities 1960-2000,

Johns Hopkins Press, 1017 pp., 1963.
Life Science Library, Time Incorporated, New York, New York.
Matter.
Energy.
Wheels.
Machines.
Nevins, A., Dunlop, R. B., Teller, R., Mason, E. S., and Hoover,
Herbert Jr., Energy and Man, a symposium, Appleton-Century-Crofts,
Inc., New York, 113 pp., 1960.
Rogers, E. M., Physics for the Inquiring Mind, 778 pp., Princeton
University Press, 1960.
Valley Preliminary Report, Pennsylvania State University Press, 1963.
Seaborg, Glenn T., "Horizons Stretch for Tiny Atom", The Christian
Science Monitor, p. 13, Friday, November 10, 1967.

Seaborg, Glenn T., "The Promise of the International Atomic Energy
Agency", Science, Vol. 158, N»>. 3798, pp. 226-230, October 13, 1967.
Schurr, S. H., "Energy", Scientific American, Vol. 209, No. 3, pp. 110-
126, September, 1963.

Soustelle, J., Daily Lire of the Aztecs, MacMillan Company, 1955.
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BACKGROUND INFORMATION

The United States has been endowed with great mineral wealth. These abundant
mineral resources have helped establish a broad base for the great industrial society which

we have forged.

A mineral can be defined as a naturally occurring, inorganic substance with a char-
acteristic/internal structure and with a chemical composition and physical properties that
are either uniform or variable within definite limits. In this text, the term mineral is
broadened to include organic, liquid, and synthetic products which have been classified as
minerals in the nation's courts. Single elements may be minerals, but most minerals are

inorganic cpmpounds in a solid state.

Minerals are usually formed by precipitation from various kinds of solutions. Ex-
amples include: (1) formation of minerals from hot, liquid rock solutions that crystallized
as they cooled, (2) formation of minerals from volcanic vapors that came in contact with
cooler rocks, and (3) formation of minerals by chemical reactions between elements in the
atmosphere or in the ground and the minerzals of the rocks with which they came in contact.

.

The mineral composition of the earth is not homogeneous. Minerals may be con-
centrated by igneous activity whereby the metals c:ystallize early in the cooling history of
a silicate magma and settle out of the melt, or they may form later and be trapped in the
crystallized melt. It is more common for metallic elements to become mixed with hot,
igneous volatiles, mostly water, and be injected into surrounding rocks forming hydrother-
mal deposits.

The weathering process concentrates minerals by alteration of compounds from
which elements could not otherwise be economically extracted. This includes remeval of
undesired components from rocks and leaving the desired components more concentrated
than they were originally. The solution of materials at the surface and redeposition of
desired elements at depth in useful corcentrations also concentrates minerals.

The sedimentary processes produce concentration by chemical precipitation in
sediments by evaporation of sea water and by the chemical and physical processes involved
in weathering and erosion. 'This would also include the placer process, as in the deposition

of gold.

The surface of the earth comprises approximately sixty million square miles of land
above sea level. Some of this surface is solid rock, but much of it is small fragments. The
loose material on the surface is called mantle rock, and the solid rock beneath is called

bedrock.
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The rigid outer shell of the earth is called the crust which is very thin in comparison
with the other two layers. The thickness of the crust varies from thirty miles thick on land
to five miles thick under the ocean.

The mantle is about eighteen hundred miles thick and is composed of solid magnesi-
um and iron silicates with some pockets of molten material. The temperature gradient of
the rock in this layer is approximately 300°C. to 500°C. under the crust to 3,000°C. at the
mantle-core boundary.

The center of the earth, the core, makes up the largest part of the earth and is about
forty-two hundred miles in diameter.

The minerals with which we are concerned are found in the crust of the earth. Scien-
tists recognize ninety-two different elements that occur normally in the crust. Some of
these elemenis (oxygen and silica) are very abundant and widespread; others (iron and , -
potassium) are universally present, but only locally abundant; still others (silver and gold)
are quite rare and seldom present in commercially valuable concentrations. The following
table shows the percentage compositions of elements in the earth's crust:

Element Percentage of Earth's Crust by Weight
Oxygen 46. 60
Silicon 27.72
Aluminum 8.13
Iron 5.00
Calcium 3.63
Sodium 2. 83
Potassium 2.59
Titanium .44
Hydrogen .14
Phosphorus .12
Mangancse .10
Sulfur .05

E Carbon .03

{ Chlorine .03

E All Others 2.59*

Rarely are these elements found free (uncombined) in nature. Instead they usually
combine with one another in definite proportions to form compounds.

*Pearl, Richard M., Geology - College Outline Series, p. 64, Barnes & Noble
‘ Publishing Company, New York.
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Work provided in handling minerals creates millions of jobs around the world. In
the United States alone, there are five million workers in the mining and mineral manu-
facturing industries. Mineral production in the United States has a value of about twenty
billion dollars annually, The total estimated value of the world's mineral production in
1960 was approximately fifty billion dollars. Fuels represented thirty-seven billion of
the total. Each year there are growing demands made upon our deposits. It seems that
man has not been overly concerned about future supplies of minerals because he has been
able to meet shortages, thus far, by prospecting, substitution of new materials, and
reusing scrap metals.

Minerals, unlike other resources, are not renewable. Our mineral deposits are
constantly being consumed, but more and more efficient methods of utilizing minerals are
being discovered. As our high quality minerals and ores are used, methods must be

f discovered to obtain metals from the poorer grade ores. The United States imports over
seventy-five per cent of its mineral needs of twenty different mineral commodities. In
fact, the United States consumes twenty-five per cent of the world's total production of

l metals.

The composition of minerals ranges from single elements to complex compounds

! containing ten or more elements. Approximately iwo thousand different minerals are
recognized today. The silicates are by far the moat abundant minerals in the earth's
crust.

~ Minerals occur in many chemical forms. The following classes indicate some of
the most common forms using chemical properties as a basis for classification,

Halides are minerals which are simple compounds of chlorine, fluorine, bromine,
or iodine combined with a metal. The halogens have seven electrons in their outer shells
and readily gain an electron when reacting with metals to form the stable halide ions.
Examples of halides include fluorite containing calcium fluoride and cryolite which contains
sodium, aluminum, and fluorine.

Silicates consist of the elements silicon and oxygen combined with one or more of the
metallic elements. The element silicon has four electrons in its outer ring; but since it
reacts often with many elements in a given mineral, the electron distribution becomes verv
complex. Silicon is to the inorganic world what carbon is to the organic world. It is more
active chemically and is heavier; and since it is directly under carbon in the periodic table,
it has many similar properties. It has a marked tendency to form chains of alternating
silicon and oxygen atoms much as carbon forms chains of carbon atoms. Together with
oxygen, silicon makes up seventy-five per cent of the total weight of the crust of the earth.
The silicate minerals formed by combination with aluminura, iron, magnesium, sodium,
potassium, and/or calcium make up a major portion of the crust. In fact, more than forty
per cent of the known minerals are silicates, and silica and silicates together make up
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seventyyeight per cent of the total weight of the earth's crust. Feldspars, micas, pyrox-
enes, and amphiboles are examples of minerals containing silicon.

Oxides are compounds of oxygen with any other single element. Oxygen has six
electrons in its outer ring and, therefore, is an active non-metal constantly reaching for
additional electrons. Oxides are very commonly found in nature. Common oxides include
uraninite and the iron ores, hematite, magnetite, and limonite. The gems, the red ruby 1
and blue sapphire, are minerals also classified as oxides. Within this class are the chief ]
ores of iron, chromium, manganese, tin, and aluminum. .

Sulfides are those minerals that contain metals combined with sulfur only. Sulfur L
has six electrons in its outer shell and requires two additional electrons to form a completed o
octet of electrons and become a sulfide ion. Galena, or lead sulfide, is the most commor.
ore of lead. Other examples include pyrite (a pollutant from coal mining operations), | j
sphalerite, and ores of silver, zinc, and mercury. !

All carbonates contain the element carbon which contains four electrons in its outer {
ring. Since it is just as easy to gain four electrons as it is to lose four, carbon reacts

readily as both & metal and a non-metal. All carbonates will liberate carbon dioxide when

treated wtih an acid. The most common mineral containing carbonats is calcite which forms (]
when the gas carbon dioxide reacts with calcium. Other common mireral carbonates are l
dolomite (calcium and magnesium carbonates), siderite (iron carbonate), and cerussite
(lead carbonate).

Phosphates are minerals containing metals combined with phosphorus and oxygen.
Phosphorus itself i a very active non-metal having five electrons in its outer ring. Phos-
phates are found in the bones of animals as caleium phosphate and in the rocks as
phospherite or collophanite which are forms of the mineral apatite.

Sulfates are compounds of oxygen and sulfur combined with one or more of the metals.
Gypsum {s  {s the most common sulfate among the minerals. Bariet and anhydrite also belong to
this group.

The arsenates and vanadates are minerals composed of metals combined with oxygen
and either arsenic or vanadium. Examples are listed in the outline.

There are numerous other less common groups of minerals, but the nine listed above
include ninety-nine per cent of all of the minerals one is apt to encounter in normal field
collecting.

Classification of minerals which emphasize minerals as natural resources or as an
ore often separate mineral commodities into mineral fuels, metals, and non-metals.
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The first group is defined as use as a fuel or as a source of energy and is referred to
as mineral fuels.

From ancient times, coal was known as the ''rock that burned" in and around the
Mediterranean. However, Germany and England were the first countries to use coal as a
source of heat for homes and industry.

Coal was discovered early in colonial America but was not used greatly because of the
large and readily available supply of wood. The first coal that was mined in the United States
was mined in 1787 in Virginia. After mining operations were begun in Pennsylvania, anthra-
cite was soon being used as a source of energy.

Coal is defined as a solid, carbon-bearing, naturally occurring material. Chemically,
it consists mainly of pure carbon or carbon in some sort of oxidized carbohydrate.

The formation of coal involves the decay of plants under moist, swamplike conditions.
The swamp waters under which the plants were buried excluded oxygen, and as a result, the
plant material partly decomposed but did not entirely rot away. Instead, it became a colloi-
dal mass referred to as peat. Further addition of sediment created increased pressure and
removal of moisture from the plant material until it gradually changed to coal. As pressure
and temperature increase, the coal changes through a series of different grades until, at its
highest grade, it may be reduced to pure carbon. Coal exists in various forms. Peat is the
softest form but has not been important in the United States. Lignite, halfway between peat
and bituminous in hardness, is found in the Dakotas, Montana, Wyoming, Colorado, and the
Gulf states.

Bituminous or soft coal is found throughout Appalachia, from Pennsylvania and Ohio
to Alabama. Michigan, Indiana, Illinois, Missouri, Kansas, and several western states
have bituminous deposits. It is used in making coke which plays an important role in iron
and steel production.

Anthracite, or hard coal, is found in northeastern Pennsylvania, Colorado, and New
Mexico. Only the deposits in Pennsylvania have been mined to date. Hard coal is the best
grade because it burns clean with very little smoke. However, anthracite is the most ex-
pensive to mine, and the supply is very limited.

Bituminous has always been our most abundant form of coal. The use of soft coal in
the railroading and the steel industries increased the speed of our industrial revolution, In
so doing, it helped to lay the foundations of our great society. It is interesting to note that
nearness of the Pittsburgh Coal Seam helped to make that city the steel center of our
country. Converted to coke in places like Connellsville, coal helped to make Pittsburgh an
industrial giant. Names like the ""Big Vein' coal in Maryland, '"Pocahontas' coal of Virginia
and West Virginia, "Moshannon Bed" near Clearfield, Pennsylvania, the "Wilmore Basin"
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near Johnstown, and the "Big Muddy Creek" vein in Illinois have all been important in this
country's industrial development.

Depletion of coal reserves, like any other mineral resource, is of high concern.
However, there are few industries where technology has been applied as vigorously as in the
coal industry. Increased mechanization has helped to stabilize the cost of coal, Increased
labor costs have forced the marginal mines and inefficient operations to close. This has
caused a loss of employment, and economic dislocations have occurred in mining areas.
However, coal is becoming a major source of electrical power east of the Mississippi.
Mine-mouth power operations have added new vitality to a once sagging industry.

Western Pennsylvania has experienced a renaissance in coal mining with efficient,
conservation-minded companies. Continuous mining machines and efficient engineering have
replaced the old room-and-pillar concept of mining. This new retreat method of mining pre-
vents the loss of huge pillars of coal. Experimentation with back-filling of mines to prevent
the danger of subtidence seems feasible.

In 1859, Colonel Edwin Drake drilled the first oil well (69 feet deep) in the United
States at Titusville, Pennsylvania. The first petroleum was used to make kerosene for
lamps which were a great improvement over candles or whale-oil lamps. Pennsylvania re-
mained the ieading state in oil production until the early 1900's when the first wells were
drilled in Oklahoma and Texas. Today, off-shore oil and oil from California contribute
largely to United States oil production.

With the advent of the automobile, most oil was refined into gasoline, lubricants, and
fuel oil, Like the coal industry, the oil industry was first typified by great waste and little
thought about conservation, Wells caught fire and were allowed to burn themselves out,
Gushers came in and were allowed to flow unimpeded. Currently, there is a limit to the
amount of oil that can be wasted in this manner.

Oil refers to naturally occurring liquid hydrocarbons. It is thought that petroleum
was formed by the decay of animal and possibly some plant remains in a reducing environ-
ment in sedimentary deposits. This seems to be proven by the fact that petroleum finds are
virtually restricted to marine sedimentary rocks..

Natural gas may be the answer to some of our air pollution problems. It burns
clean, leaves no ash, and can be piped anywhere. Natural gas is the gaseous hydrocarbons
associated with liquid hydrocarbons.

The metal group of minerals is usually sub-divided into the precious metals (gold,
silver, and platinum), non-ferrous metals (copper, lead, zinc, and tin), iron and ferrous
alloy metals (iron, manganese, nickel, and tungsten), and minor metals (arsenic, berylli-
um, cadium, and calcium).
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From Cornwall Furnace to the Mesabi Range in Minnesota, iron ore has been linked
with coal in the production of steel. The first iron ore was of such high quality that it could
be taken directly to the steel plants. This quality iron ore has been depleted. We have
learned to use low-grade ore by utilizing the flotation process. Since 1860, the production of
iron and steel became a bigger and bigger operation with fortunes made by men like Carnegie
with the result that steel production is becoming concentrated under fewer and fewer corpora-
tions.

There is no material that is quite so useful and important as iron. Most iron ores
come in the form of iron oxide (magnetite, hematite, and limonite being the most important).
Hematite occurs in several forms, and over ninety per dent of the iron made in the United
States comes from the huge deposits in Minnesota, Michigan, and Alabama.

Modern smelting operations are used today to free iron from its ores. Iron ore,
coke, and a flux (largely limestone) are added as raw materials to huge blast furnaces. Hot
air is blown into the furnace. Through a series of chemical changes, the iron is freed from
the ore, and the waste silicates in the ore are combined into a molten slag. The slag and
iron settle down in the furnace; but the slag, being less dense, floats on the iron. This is
drained off first, followed by the molten iron. The iron from a blast furnace is called pig
iron and contains from three to six per cent of impurities. When most of the impurities are
removed from the cast iron, it is called wrought iron. Cast iron is used extensively in
ornamental work. Most of the iron that is produced is converted into steel which is an alloy
of iron with carbon.

Copper was the first metal used by man more than 10, 000 years ago. It was found
first on the island of Cyprus and was called "Cyprian metal". Prehistoric man discovered
that he could make tools and weapons from copper. When small amounts of tin were mixed
with molten copper, a harder metal called bronze alloy was produced. In ancient Egypt,
Greece, and Rome, bronze was used to make weapons, armor, and household goods.

Chalocopyrite and chalcccite are the major copper-containing ores. Chalocite is a
compound of copper (eighty per cent) and sulfur. It has metallic luster and a dark lead-gray
color.

After the copper ore is mined, it is crushed and washed to separate the waste rock
material called gangue. This concentrated ore is then melted in large furnaces to produce
"blister copper' which is about ninety-nine per cent pure. Electrolytic refining can be used
to further purify the copper.

Copper is a common metal with a red color that is malleable, ductile, and a good con-
ductor of heat and electricity. Copper is used extensively in electrical industries in-the
United States. The automobile industry is the second largest user of copper. Every \
automobile contains about forty-five pounds of copper; most of it is in the radiator.
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The effects of the discovery of various minerals have been influential in famous
periods of history. The first major gold strike in the United States occurred in California
in 1849. Nevada, the Black Hills, and the Alaskan Klondike have also been sites of impor-
tant gold discoveries. The discovery of gold and silver did much to help settle the West,
and prospectors have given a certain flavor to the history of the old West. At one time, the
United States held seventy per cent of ali the gold in the world. Times have changed, and we
are now concerned with the eutflow of gold from this country.

Silver and its "free coinage" entered into our national political scene from 1880 to
1900, "Free coinage" of silver at the ratio of sixteen to one split both major parties and
forced entry of a third party onto the scene.

Aluminum is one of the chief and most abundant metals. It is steadily increasing as
a substitute for other metals and will continue to grow with the economy of the United States.

Bauxite is the most important ore of aluminum. Arkansas produces most of the
bauxite mined in the United States. In aluminum production, the bauxite is first crushed and
washed and then converted by a series of chemical reactions into alumina or aluminum
oxide. Cryolite (sodium aluminum fluoride) is mixed with alumina to produce a mixture
which will conduct an electrical current. Aluminum is produced in an electrolytic cell by
passing electricity through the aluminacryolite mixture. Twelve kilo-watt hours of electric-
ity are used in making one pound of aluminum.

Aluminum is only one-third as heavy as steel and is resistant to atmospheric
corrosion due to the formation of a tough continous fiber of aluminum oxide which covers its
surface.

It is used extensively in making alloys, paint, electric cables, airplanes, and
aluminum foil for wrapping purposes.

Lead has been used since Roman times. The early Egyptians used it for solder, and
the Romans made lead pipes to carry water. Galena is the most important ore mineral con-
taining lead. Most of our lead comes from veins in Missouri and Colorado. Much of the
lead is used in paints, printing type, bullets, and leaded compounds for antiknock gasoline.
It is also used in soldering and in the production of lead storage batteries. Substitutes of
other materials is helping us to conserve our limited supply.

Zinc is a young metal and is always used in mixtures with other metals. The most
common mineral containing zinc is sphalerite (zinc sulfide). Zinc is used in dry cells
because of its chemical activities. Every flashlight battery has a zinc container which is
the negative electrode. It is used as a coating on iron to produce galvanized iron and pro-
tects the iron from air oxidation.
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Tin is a metal found in cassiterite, the most common tin oxide. It forms at high
temperatures in igneous rocks. Tin has many uses, but the most common is probably
production of tin cans. Although a tin can contains less than two per cent of tin, this is
sufficient to provide a protective covering to keep oxygen in the air and acids in food from
reacting with the iron in the "tin" can. The alloy of tin and copper is called bronze.

The non-metal group of minerals include: water; construction materials (stone,
gypsum, cement materials); ceramic materials (clay, feldspar, bauxite, borax); metallur-
gical, chemical, and refractory minerals (foundry sands, limestone, dolomite); industrial
and manufacturing minerals (asbestos, mica, talc, graphite); fertilizer materials (sulfur,
potash, phosphate, nitrate, lime); gemstones; and synthetics (diamonds, ruby, quartz,
sapphire).

Sulfur is an element which is classified as a non-metallic mineral. It has a
characteristic yellow color and occurs in three allotropic forms. The largest deposits in
the world are found along the Gulf coast of Louisiana and Texas. The mineral is mined by
the Frasch process which consists of lowering three concentric pipes into the ground.
Compressed air is forced down through the center pipe while superheated water is forced
down through the outer pipe. The hot water melts the sulfur which is forced to the surface
through the middle pipe by the compressed air. The most important use of sulfur is in
the making of sulfuric acid.

Graphite is made of pure carbon. It is found in igneous and sedimentary rocks and
is used in making "lead" for lead pencils and in making paints and lubricants.

Gypsum is a common mineral containing calcium, sulfur, and oxygen combined
wi*h water. Plaster of Paris is produced by dehydrating gypsum.

Halite is the mineral sodium chloride or ordinary table salt, It is often mined in a
way similar to sulfur. Evaporation of sea water will produce halite which occurs naturally
in cubic crystals which are colorless with a vitreous luster. The salty taste is perhaps its
most characteristic physical property.

Borax is composed of sodium, boron, and oxygen combined with water. Most
borax is derived from the related minerals of colemanite and kernite. A vast bed of
colemanite was discovered in Death Valley, California, about fifty years ago. In the early
days, the borax was hauled out in wagons drawn by twenty mules which gave rise to the
name "twenty-muie team borax".

Fluorite is a compound of calcium and fluvorine. It i8 the only source of the element
fluorine and is an important flux in smelting ores.

Talc is an unusual non-metallic mineral known as hydrogen magnesium silicate.
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Talc is used as a filler for paint, paper, and roofing. High-grade, pure talc is processed to
produce talcum powder. /

Asbestos is actually a combination of two or more minerals, the most common of
which is serpentine. It is especially valuable because its thin, flexible fibers can be matted
or woven together to produce an uncombustible non-conductor. Asbestos is used extensively

for fire-proofing and insulation.

Classification of natural phenomena such as mineral deposits are attempts to order
very complex natural systems for some degree of understanding. However, many of these
minerals fit into two or more categories, and it becomes impossible to classify them as one

or the other.

Minerals may be identified by chemical composition as mentioned before or on the
basis of physical characteristics.

"Hardness", the resistance which a substance offers to being scratched by a barder
body, is an important characteristic of minerals. The substance producing the scratch is
harder than the one that is scratched. The harder mineral pushes aside the minute particles
of the softer mineral and leaves a furrow or ‘'scratch on its surface.

The Mohs scale of hardness developed by Friederic Mohs is a series of ten minerals
listed in order of hardness from the softest (talc) to the hardest (diamond). The complete
scale and substitutes are shown in the outline. The numbers on the scale simply indicate
relative hardness. That is, a mineral with a hardness of four is not four times as hard as

one with a hardness of one.

To make the test, the unknown mineral should be scratched in turn by the minerals of
the hardness scale. A harder mineral will scratch a softer mineral. Therefore, if the
unknown is scratched by apatite but scratches fluorite, the hardness of the unknown is
between four and five. The number of soft minerals is much greater than the number of hard

ones.

Tenacity is the resistance which the minute particles of any substance offer to any
effort to completely separate them from one another and is a result of the cohesion forces

between the molecules.

Malleability refers to a substance that can be flattened or pounded into sheets. Metals
are the only minerals which possess this characteristic, and gold is the most malleable of all,

A mineral that can be drawn out into a wire is said to be ductile. Gold and silver are
more ductile than copper and aluminum, but the cost of the former prohibits their use as wire

conductors in most cases.
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Brittleness refers to the fact that a mineral readily breaks into smaller pieces. This
condition is die to the fact that the particles are held {irmly together, . Degrees of brittleness
may be expressed as fragile, weak, and tough.

The characteristic of flexibility refers to a mineral that can bé bent without breaking
and not return to its original position. Selenite is a good example.

A mineral which will bend and spring back to its original position is called elastic,
and this property is termed elasticity.

Sectile minerals can be cut with a knife without being fractured, and shavings can
easily be cut from it.

_ Cleavage is defined as the tendency to break or split along predetermined flat planes.
These planes of cleavage are always parallel to the crystal faces of the mineral. Reasons
for the cleavage planes can be related to atomic structure. The atoms of which a crystal is
composed may be densely crowded in certain planes. As a result, there is relatively more
space between these planes, and lines of weakness result. Electrical attractions between
the layers of atoms also has an influence in determining the direction of the cleavage. The
types of cleavage and examples of minerals are listed in the outline.

Fracture refers to the type of breakage that occurs when a mineral breaks other than
along lines of cleavage. Conchoidial fracture is a break that resembles a portion of a
clamshell. When fracture approaches conchoidial, but is not distinctly developed, it is
called subconchoidial. If there is no regularity in the break, the break is said to be uneven;
if the break is smooth and regular, it is said to be even. A fracture with a very jagged
surface is termed hackly, while a fracture showing fibers or splinters is termed fibrous or
splintery.

A mineral through which an object can be distinctly seen is called transparent, and
one through which no light is transmitted is termed opaque.

Color is the kind of light transmitted or reflected. Often great differences of color
are found in a single mineral. The color of a metallic mineral is far more uniform than
that of a non-metallic mineral. While the surface color of a mineral may vary from one
specimen to another, the color of the powdered mineral does not change. The color of a
mineral when it is powdered is known as its streak and may vary considerably from its
surface color. In determining the streak, the mineral may be crushed to a powder with a

g

hammer, scratched with a knife blade, or rubbed on a streak plate (unglazed poreelain).
The luster of a mineral is its appearance in ordinary reflected light. Metallic

minerals possess that brilliant shine so characteristic of minerals and are said to have

metallic luster. Non-metals lack this shine and are said to have non-metallic luster.

D-11




Adamantine luster is that peculiar, bright flash so characteristic of diamonds. Vitreous
luster is the surface reflection shown ideally by broken glass of which quartz is a good
example. Resinous or waxy luster is that kind of surface reflection exhibited by the fossil
resins. Pearly luster refers to the shine in mother of pearl. If a mineral shows no luster,
it is said to be dull. -

Fluorescence is another phenomena observed in minerals. When invisible, ultravi-
olet rays fall on certain minerals, the rays are transformed and visible light is emitted. g
Phosphorescence is another property of certain minerals which differs from fluorescence L]
in that the emission of light continues after the exciting rays have been shut off.

rainbow colors of which light is composed. Tarnish differs from iridescence in that it is
produced by the permanent alteration of the surface creating a new surface color. For
example, silver is often tarnished black.

Iridescence occurs when white light falling on a specimen is broken up into the 4
As illustrated by the opal, opalescence is a milky reflection from within a mineral. }

Specific gravity is the weight of an object in relation to the weight of an equal
volume of water. This can be determined by weighing the object first in air and then when
suspended in water. For example: -

Weight in air = 48 grams Weight in water = 32 grams Loss of weight = 16 grams
48/16 = 3 (the specific gravity of the unknown)

In general, metals are conductors of electricity, and most of the non-metallic
minerals are non-conductors of electricity. Some minerals, like quartz, show the
piezoelectric effect in that electrical charges are produced on the quartz when pressure is
applied. Other minerals show'the pyroelectric effect in that positive and negative electrical
charges are produced on opposite ends of the crystal when the crystal is heated.

Only a few minerals are magnetic but when present, this property is very diagnostic.
Magnetite and pyrrohotite are both attracted to a magnet. Lodestone, a variety of magnet-
ite, exhibits remarkable magnetism.

A very large majority of all minerals are found in crystals. A crystal is a body
formed by an element or compound solidifying sc that it is bounded by plane surfaces,
symmetrically located, which are the external expressions of a definite internal arrangement
of the atoms of which it is built.

Crystals are classified into six systems. The classification of crystals depends upon
imaginary lines called "axes" which are assumed to always pass through the center of the
crystals. The differences between the systems are in the number, length, and position of
these axes.
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Crystals which have three axes of the same length and at right angles to each
other belong to the isometric crystals. The types of isometric crystals are
listed in the outline.

The tetrazonal crystal has three axes at right angles to each other with the
vertical axes being either shorter or longer than the two equal length
horizontal axes.

Those crystals with three unequal axes at right angles to each other are
called orthorhombic. Sulfur is a good example of this type.

4. Monoclinic crystals have three unequal axes, two of which are at right angles
with the third inclined to the other two. The monoclinic is one of the largest
mineral crystal systems.

5. A triclinic crystal forms along three unequal axes, some of which are at
right angles. There are few minerals which crystallize in this manner.

6. Hexagonal crystals have four axes, three of these axes are horizontal and of
equal length forming equal angles with each other, while the fourth is vertical
and either longer or shorter than the others and at right angles to them.

Minerals are called gems when they can be cut and polished to make ornaments.
Gems can also be defined as a special group of minerals lifted to a place of high value by
fashion which makes the most of their natural beauty and scarcity. If the gems are rare and
expensive, they are termed precious. Gems have a strong luster, reflect light, and sparkle
brilliantly. Reds, greens, yellows, and blues are typical gem colors. Gems have a high
index of refraction; therefore, light rays passing through them are bent strongly producing
many beautiful colors.

Diamonds are the hardest minerals known and are usually four-sided pyramids.
They are commonly used as jewels but are frequently used in industry for cutting and drilling
because of their hardness.

Blue corundum minerals are known as sapphires, and red ones are called rubies.
The best sapphires come from Ceylon and India while the best rubies come from Burma.
The value of these gems depends on the size, color, and freedom from flaws. A perfect ruby
is worth about three times as much as a perfect diamond of the same size.

The beryl gems are complicated oxides of beryllium, aluminum, and silicon. When

beryl is a bright, clear green, it is known as an emerald which is also more valuable than a
diamond.
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It is highly probable that billions of years ago, the temperature was so high that the
materials of the earth existed in a molten state. As the earth cooled, those substances with

the highest cooling point solidified. Such solids, if light enough, would float on the surface
and form the crust of the earth.

Rock is any naturally formed aggregate or mass of mineral matter, whether or not
coherent, constituting an individual part of the crust.

Igneous rocks are those that have solidified from molten magma. If the magma was
extruded over the surface of the earth and cooled quickly before crystals had a chance to
form, the rock has a glassy texture. Obsidian is a good example. Often gas bubbles are )
trapped in the magma; and if the magma cooled before all the bubbles could escape, a )
frothy or pitted type of rock is formed. Pumice is an example. Those rocks that cool on
the surface are classified as extrusive, igneous rocks and are characterized by their small (
crystals because of the fast cooling. Those that cool inside the crust have large crystals J
and are called intrusive.

Sedimentary rocks are formed by several processes involving various steps. In all Y
processes, the parent material must be broken down by weathering, either chemical and/or
physical. The material is then transported by wind, water, or glaciers to an area where it
is deposited. Deposition may be a mechanical process where the carrying agent loses its
carrying ability, and the material is simply dropped to form layers. Deposition of material
can also occur by the formation of precipitates that sink to the bottom or by the evaporation
of inland seas or lakes whereby the dissolved materials form in a layer at the bottom of the
lake.

The actual formation of the rock is caused b solidification of the loose sand, clay,
shells, and similar deposits due to pressure of overlaying strata and the infiltration of
cementing materials. Compaction of carbonaceous deposits of plants also give rise to
sedimentary rocks.

Pyroclastic rock is a type of igneous rock associated with explosive volcanic
eruptions. They cannot be classified as an igneous rock because of their tendency to mix
with other rock material and settle in layers. This process creates a combination of
igneous and sedimentary rock.

Metamorphic rocks are changed rocks created by the effect of heat, pressure, and
infiltration of gases or water and chemical action on igneous and sedimentary rocks. They
usually possess a banded structure (gneiss or schist) or are massive rocks, such as marble
which is re-crystallized limestone.

Some of the common metamorphic rocks and the rocks from which they might be
derived are: gneiss or quartzite from conglomerate or sandstone, gneiss or schist from
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granite, schist from basalt, gneiss or schist from gabbro, schist from serpentine, marble
from limestone, and slate from shale.

The distribution of many minerals is dependent largely upon the type of rock that is
present. For example, oil and natural gas are found mostly in sandstone or limestone which
were formed underwater. Salt and borax were formed by the evaporation of lakes. Ores
may be formed by underground water, cooling of rocks, contact metamorphism, and hydro-
thermal solutions. Gold, diamonds, silver, copper, chromite, and cassiterite are found
primarily in igneous rocks. Many of the harder materials are found in metamorphic rocks
and include such things as slate, marble, anthracite coal, and garnets. The above is
a generalization, and there are exceptions to these statements. However, it would probably
prove more fruitful to search for oil in sedimentary formations than it would to look for oil

in igneous rock.

A mineral from which a metal can be extracted profitably is called an ore. Unless
ores are rich in metals, they are usually concentrated by physical means before the metals

are e:_(tracted.

Ores can be concentrated by a process called flotation. In this process the crude ore
is crushed and ground to a fine powder. It is then mixed with water and oil and agitated
vigorously. The oil used in the process adheres to the metallic ore but not the non-metallic
gangue or waste. The oil being lighter than water floats to the top carrying the metallic ore

with it.

Sulfide and carbonate ores are usually roasted to convert them into the corresponding
oxides.

In extracting a metal from a concentrated ore, the ore may be smelted, reduced by
electrolysis, or reduced with aluminum, The alkali metals, such as sodium and potassium,
are usually electrolyzed from their water solutions. The metals less active than aluminum
can be freed from their ores by the use of aluminum. The most common method of winning
metals from their ores is to "smelt" the ores by reducing them with carbon, carbon monox-

ide, or hydrogen.

It is obvious that the United States must increase or, at best, maintain its supply of
minerals if it intends to remain an affluent society. How are we going to cope with the
problem of non-renewable mineral resources in the future?

Many experts agree that new technology of treatment and extraction will prevent the
United States from ever becoming mineral resource poor. However, incentives for radical
innovation in technology are now lacking since mineral deposits in other parts of the world
can be profitably developed. Therefore, investment capital is attracted abroad, and the
import-export deficit widens. Capital will continue to flow to those countries with lower
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labor costs, greater government incentives, and minimum costs of pollution control as well
as high-grade ores which can be readily exploited by well-established procedures and

available equipment.
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Another consequence of the United States increasing its imports of mineral resources
has been a rather low activity of exploration for mineral deposits at home and only low level
activity to attack research in improving technology. We tend to be comfortable with the
thought that in case of an emergency due to a cut.off of foreign imports, our scientists will

"fix it".

Many wants of the world are not presently caused by lack of minerals and fuels but by
lack of economic resources to buy what is available and for lack of organization and training

to use what is available.

The major unknown concerning future availability of resources on a world-wide basis
is the impact of increasing population and demand sure to come but unknown as to extent.

The major hope of mankind to meet this challenge of unknown magnitude is through
technological improvement.

Minerals so far used by man have come from near the surface. We need to learn
how to explore deeper, cover surface ground more rapidly, increase use of computers, and
extract minerals from under the sea if we are to meet future needs.

Another conservation procedure is and will be in "mining" our junkyards. Forty per
cent of our lead and twenty-five per cent of our copper for 1968 will come from reclaimed
scrap. However, we are not reclaiming all that we could. For the present, our city dumps
are lost resources as are the so called "sanitary land fills". The thirty-four million metric
tons of municipal waste incinerated in this country contain more than 2.8 million metric tons
of iron and approximately 180,000 metric tons of aluminum, zjuc, copper, lead, and tin. In
addition to being wasted, the burning of these materials adds to the air pollution problem.

Minerals may be preserved by finding substitutes and by finding technically better
materials to do a particular job. Examples of substitution include using plastic in place of

steel for automobiles, in place of wood and paper for packaging, and in place of copper
tubing and using aluminum in place of steel and copper.
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OUTLINE OF CONTENT MATERIAL

I. Introduction to Minerals i

A. Definition.

B. Origin.

C. Concentration.

D. Supply.

E. General composition.

II. Classification of Minerals
A. Chemical composition as a basis (anionic groups).

1.

Halides.
a. Chemical composition.
b. Characteristics.

Examples: Fluorite, halite.
Silicates.
a. Chemical composition.
b. Characteristics.

Examples: Quartz, feldspar.
Oxides and hydroxides.
a. Chemical structure of oxygen.
b. Characteristics.

Examples: Uraninite, hematite,
Sulfides.
a. Chemical structure of sulfur.
b. Characteristics.

Examples: Galena, pyrite.
Carbonates.
a. Chemical composition.
b. Characteristics.

Examples: Calcite, dolomite.
Phosphates.
a. Chemical composition.
b. Characteristics.

Example: Phosphorite.
Sulfates.
a. Chemical composition.
b. Characteristics.

Example: Gypsum.
Arsenates and vanadates.
a. Chemical composition.
b. Characteristics.

D-17

limonite.




Examples: Erythrite, annabergite (arsenates).
Vanadates (vanadates).

9. Native elements.

Examples: Copper, gold, silver.

B. Mineral fuels.

1, Coal.
a. Peat.
b. Lignite.
c. Bituminous.

1., Formation.
2. Production of coke.
3. Economic importance.
a. Employment.
b. By-products.
Anthracite.
1. Formation - compared to bituminous.
2. Mined only in northeastern Pennsylvania,
3. Limited in supply when compared to bituminous.

2. Petroleum.

a. History.

1. First oil well - Drake (1859).
k 2. Titusville, Pennsylvania.

3. First used for making kerosene.
| 4. Acceleration of use with development of automobile.
i b. Areas of oil production in the United States.
I 1. Pennsylvania.
| 2. Texas and Oklahoma.
| 3. California.

] 4. Gulf states and off-shore oil.
[ c. Waste in early production.
| d. Important by-products.
1 e. Other sources of oil.
| 1. Shale.
g 2. Coal.
: 3. Sand.
j 3. Natural gas.
a. Characteristics.
b. Abundant supply.
e. Ideal fuel to combat air pollution.
C. Metals.

1. Iron ore.

a.
b.

©
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Production of iron.
Uses of iron.
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D.

c. Mesabi Range.
d. Important in the history of our industrial society.

2. Copper.
a. Production of copper.
b. Mined in approximately half-dozen states.
c. Uses of copper.
d. Great increase in its use due to use in electrical equipment.
e. Can be reused.
3. Gold.
a. Gold rush.
1, California.
2. Nevada.
3. Black Hills
4, Klondike (Alaska).
b. Unimportant factor as an industry.
c. Standard for currency.
4. Silver.
a. Significant in "opening the West".
b. Free coinage: 1880 to 1900.
c. Uses.
1. Mining.
2. Photography.
3. Tableware.
5. Aluminum.
a. One of the most abundant elements.
b. Gradually replacing other metals.
6. Zinc.
7. Tin.
8. Lead.
Non-metallic.
1. Sulfur.
2. Graphite.
3. Gypsum.
4. Halite.
5. Borax.
6. Fluorite.
7. Tale.
8. Asbestos.
9. Potash.
10. Phosphorus.
11. Limestone.
12. Salt.
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II1. Identification of Minerals
A. Hardness.
1. Mohs scale of hardness.
2. Testing procedure.
a. Set of ten minerals.
Mineral

1. Tale
2. Gypsum
E 3. Calcite
4. Fluorite
5. Apatite
6. Orthoclass
7. Quartz
8. Topaz
9. Corundum
10. Diamond 10
b. Common substitutes for the above scale.

Material Hardness

1, Fingernail .5
2. Penny
3. Plate glass
4. Knife blade
5. Steel file
B. Tenacity.
1. Definition.
2. Kinds.
a. Malleability.
b. Ductility.
c. Brittleness.
d. Flexibility.
e. Elasticity.
f. Sectile.
C. Cleavage.
1. Definition.
2. Types.
a. In one direction (basal) - mica.
b. In two directions at right angles - feldspar.
c. In two directions not at right angles - amphibole.
d. [n three directions at right angles (cubic) - galena.
e. In three directions not at right angles (rhombohedral) - calcite.
£. Infour directions (octahedral) - fluorite.
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F.

H.

Fracture.
1. Definition.

2. Types.
a. Even.
b. Uneven.
c. Conchoidial.
d. Subconchoidial.
e. Splintery or fibrous.

f. Hackly.
Effect of light upon minerals.
1. Transparency.
2. Color.

3. Streak.

4. Luster.
Metallic.
Non-metallic.
Adamantine.
Vitreous.
Resinous.
Pearly.
Silky.

. Dull.

5. Refraction.

6. Fluorescence.
7. Phosphorescence.

PR MmO A0 PP

8. Iridescence.
9, Tarnish.

10. Opalescence.

Specific gravity.

1. Definition.

2. Calculations.

Electrical and magnetic.

1. Piezoelectric effect.

2. Pyroelectric effect.

Crystals.

1. Nature of crystals.

2. Crystal systems.

a. Isometric crystals.

1. Cube (halite).
2. Octahedron (diamond).
3. Dodecahedron (granite).
4. Trapezohedron (leucite).
5. Pyritohedron (pyrite).
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b. Tetragonal crystals.
Examples: Chalcopyrite, cassiterite.
c. Orthorhombic crystals.
Examples: Topaz, bauxite, stibnite.
d. Monoclinic crystals.
Examples: Borax, selenite, malachite.
e. Triclinic crystals.
Example: Amazonstone.
f. Hexagonal crystals. .
A4 Example: Beryl.
I. Flame test.
J. Bead tests.
K. Tube test.
L. X-ray diffraction.
M. X-ray fluorescence. }
N. Infra-red spectroscopy.

IV. Gems )
A. Definition.
B. Properties.
C. Classification. .
1. Precious.
2. Semi-precious.
D. Common gems. ]

1. Diamonds.
2. Corundum.
a. Sapphire. L
b. Ruby.
3. Beryls - emeralds. (]
E. Uses. -
V. Rocks

A. Comparison to minerals.
B. Classification.
i 1. Igneous.
a. Formation.,
b. Types.
1. Intrusive.
a. Large crystals.
2. Extrusive.
a. Very fine crystals.
b. Basalt.
c. Pumice.
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C.

D.

E.

3.

4.

Sedimentary (secondary in origin).
a., Formation.

1. Delta.
2. Strata.
Common examples: Sandstone, shale, limestone.
Pyroclastic.

a. Formation.
b. Combinations.

Metamorphic.
a. Formation,
b. Examples.

1. Slate from shale.

8. Marble from limestone.

Materials (per cent composition).

1.
2.
3.

Silica - 60%.
Lme - 5%0

2. Quartzite from sandstone. 1
|
Alumina (clay and muds) - 16%. |

Beds.

1.
2.

Movements.

1.
2.

History of rock.

1.
2.
3.

Formation,
Folds.

a. Dip.

b. Strike.

¢. Outcrop.
d. Anticline,
e. Syncline,
f. Faults.

g. Joints,

Diastrophism,

Theories of earth movement.
a. Isostasy.

b. Contraction.

¢. Convection.

d. Continental drift.

e. Earth expansion.

f. Sea-floor spreading.

Superposition of rock.
Unconformity.

Age of rock.

a. Radioactive dating.
b. Fossils,
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a.
b.

C.

d.

A. Wars.

Magnetic polarity.

4. Geological times.

Precambria era.

Palezoic era.

1. Cambria period.

2. Ordovician period.

3. Silurian period.

4. Devonian period.

5. Carboniferous period.
a. Mississippian.
b. Pennsylvanian.

6. Permian period.

Mesozoic era.

.1, Triassic period.

2. Jurassic period.

3. Cretaceous period.
Cenozoic era.

1. Tertiary period.
2. Quaternary period.

V1. Distribution of Minerals
A. In relation to rock structure.
B. Geographical.

~VII. Minerals in History#¥

B. Civilizations.
1. Stone age.
2. Bronze age.
3. Iron age.
4, Steel age.
5. Age of plastics.

6. Nuclear age (uranium ores).
C. Colonization.

A. Ore.

a.
b.
c.
d.

©
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Vﬁl. Utilization of Minerals and Rocks

1. Definition.
2. Methods of concentrating ores.

Flotation.
Roasting.
Magnetic concentrations.
Chemical concentrations.
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3. Methods of freeing material from ozes.
a. Smelting.
b. Electrolysis.
c. Use of aluminum (thermite reduction).
Fuels.
1. Coal.
2. Petroleum.
3. Oil shale.
4. Natural gas.
Metals.
Building materials.
Fertilizers.
Raw materials for chemical industry.
Raw materials for glass.
Raw materials in the ceramic industry.
Water purification.
Jewelry industry.
Production of soil.
Nutrients for plants and animals.

IX. Conservation of Minerals

A.
B.

E.

EKC
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Reuse (scrap metals).
Substitutes.
1. Plastics for metals.
2. Wind, tides, and waterpower for generating electricity.
3. Alcohol for gasoline engines.
4, Electric automobiles.
5. Solar energy for heating buildings.
More efficient mining methods.
1. Deeper mining.
2. Use of low-grade ores.
Finding new sources and ways of harvesting.
1. Oceans - one cubic mile contains:

a. 81,000,000 tons of chlorine.

b. 43,000,000 tons of sodium.

c. 5,600,000 tons of magnesium.

d. 280,000 tons of bromine.

e. 200 tons of iodine.

f. 2 tons of uranium.

g. 57 pounds of gold.

h. Plus many other minerals of economic importance.
Synthetics - diamonds, rubies, quartz.
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LEARNING ACTIVITIES AND MATERIALS

I. Learning Activities

A. Demonstrations. M

1. Test a mineral containing copper by first crushing a bit of the mineral to a |
powder. Dip a test wire in an acid and then touch the powdered mineral with

the wire. Place the wire in a flame and note the blue-green color. M

2. Test a copper mineral by dissolving it in hydrochloric acid. Then dilute the
acid solution with water and add ammonium hydroxide drop by drop. A dark
blue complex ion of copper should result. )

3. Heat some powdered mineral of iron in a test tube with concentrated hydro- e
chloric acid. Dilute the resulting solution with an equal volume of water
and then add ammonium hydroxide drop by drop. A rust-red precipitate of N
ferric hydroxide indicates the presence of iron. |

4. Dissolve a mineral containing lead in dilute nitric acid and dilute the
resulting solution with water. Add a drop of sodium iodide. A bright yellow | i
precipitdte of lead iodide indicates the presence of lead.. L)

5. Dissolve a mineral containing zinc in hot hydrochloric acid and then add a
few drops of potassium ferrocyanide. A light blue precipitate indicates
zinc.

6. Using a platinum wire, perform tests on solutions of various minerals by
placing the wire in the solution and then in a flame. Use a blue glass to view
the results since the yellow sodium color may mask any other colors present
(flame test).

7. Test many minerals under ultraviolet light for the property of fluorescence.
(An inexpensive light is the argon bulb.)

8. Heat a tourmaline crystal and determine if any electrical charges are
present by bringing the crystal toward small bits of paper.

9. Magnetize a knife blade by rubbing it on a piece of lodestone.

10. Grow salt crystals from a salt solution as follows: Dissolve several small
pieces of halite (rock salt) in a pyrex beaker with boiling water. Hang a
string on the edge of the glass so that half of the string hangs inside the
salt-water solution and the other half outside. Place the glass near a hot
register for several days and then observe the salt crystals which form.

11. Using a Geiger Counter, determine whether minerals are radioactive.

12. Prepare an autoradiograph of some uranium minerals as follows: Wrap a
sheet of unexposed photographic film in black paper and place in a light-
tight black envelope. This must be done in a dark room. Place a piece of
a radioactive mineral of uranium in the envelope and leave for twenty-four
hours. Develop the film and observe the results.

13. Watch ice crystals grow by placing a mirror in the bottom of a pan of water.
Set the pan where it will cool to a temperature below freezing. Ice crystals
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14,

15.

16.

17,

18.

19.

20,

21.

will soon form in the pan where they can be watched in the mirror.
Determine the north and south poles of a piece of lodestone by dipping it into
some iron filings. The filings will cling most tightly to the lodestone at its
poles.

Determine the specific gravity of a mineral by weighing the specimen in afr.
Next suspend the specimen in water and weigh it again, Subtract the weight
in water from the weight in air. Divide the loss of weight in water into the
weight in air to find specific gravity.

Mold clay into a three- or four-inch ball. Place the clay ball into the sun-
light for one hour, Next, place the clay in the shade for five minutes.
Record the temperature on the surface of the clay ball. Place the
thermometer inside the clay ball and record this temperature. Compare
the two temperatures.

Place two ice cubes on a table, Place a brick that has been chilled in a
freezer on top of one ice cube and nothing on top of the other ice cube.
Which ice cube melts faster? Why? How does this apply to temperature
and pressure under the earth's crust?

Test rocks for the presence of calcite (limestone) by dropping dilute hydro-
chloric acid on them. The presence of bubbles fizzing indicates calcite is -
present,

Secure a streak plate (unglazed porcelain tile) and test various minerals
for their streak (the color of the powdered mineral).

Using a set of minerals in the Mohs scale of hardness, test several min-
erals to determine their hardness.

Place a small amount of the mineral galena, lead sulfide, into &

depression made in a charcoal block. Heat the galena slowly with a mouth
blowpipe flame until it changes into a metallic globule of lead. Test the
resulting lead to determine if it is malleable.

Collect various minerals and demonstrate the different characteristics of
minerals, such as: luster, cleavage, fracture, and magnetism.

Field trips.

1.

2.
3.
4,
5.

To a museum to observe and study mineral specimens.

a. U. S. Bureau of Mines, Pittsburgh, Pennsylvania.

b. Carnegie Museum, Pittsburgh, Pennsylvania.

c. Department of Mineral Industries, Pennsylvania State University.
To a rock quarry.

To an iron and steel plant to study the operation of a blast furnace.

To study and collect the common rocks and minerals in your area.

To the sites of old mines which have been sealed against mine acid
drainage and to those where mine acid drainage is ocourring. Compare
the two sites as to water, plants, and animals found in the area.

To a road cut or strip mine to study rocks, minerals, and various strata.
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1.
2.
3.
4.
5.

6.
Te

8.
9.

10,
11,
12,
18,
14,
15,
16,
17,
18,
19.
20,
21,

To various industries in your area to see how minerals are used in the
production of various items.

Visit the local filling station, obtain the name of the company from which
the owner receives his oil products, and have one class member write
the company for literature on the source, refining, and distribution of oil,
Discussion, ,

What do you think would happen to our seacoasts if all the glaciers melted ?
How do we use limestone ?

What is an alloy?

What are the common rock-forming materials ?

What minerals were used by man during the bronze age? The stone age?
The iron age?

Should fluorides be added to drinking water? Explain your reasons.
Where do we secure our tin? Iron? Nitrates? Nickel? Gold?
Phosphates? What do we use them for?

Why are coal and petroleum never found in igneous and metamorphic rocks.?
What minerals are commonly used in agriculture? What effect does each
one have?

How might we conserve our petroleum supply? Our silver supply? Our
iron supply? Our copper supply ?

What is a rock? A mineral? An element?

What are zeolites?

How is coal, natural gas, and petroleum formed?

How might stripped areas ve reclaimed? Who should pay for this?

How much coal (per capita) do we use each year? How much natural gas?
How much petroleum?

What makes minerals different from other resources?

Why is gold considered more precious than copper? !

How are minerals needed in the use of other natural resources (soil, water,
forests, wildlife, and recreational resources)?

Compare the slowness of mineral formation with the speed of present day
use,

Discuss the rate of mineral consumption during war time in relation to
consumption during peace.

Discuss the role of minerals in the early and present development of
Pennsylvania.

What sources of energy may supplement the mineral fuels ?

Bulletin board displays.

1.
2.
3.
4,
5.

Minerals used in agriculture.

Minerals used in industry.

The per cent composition of the crust of the earth,
Minerals used in making jewelry,

Minerals present in the sea.
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6.
7.
8.
9.

1.

2.
3.

4,
5.
6.

7.

8.
\

9.
10,

11.
12,
13.

14.
16.
16.

17,
18.

19.
20.

Map of the county and state showing mineral deposits.

Common rocks used in home construction.

Classification of minerals by metals and non-metals.

Posters to show how strip mine areas should look when restored.
E. Student activities and projects.

Make a pictograph showing the many representative products which are
made from aluminum.

Make a pictograph showing the many useful products made from asbestos.
Join a rock and mineral club or organize a club if one does not already
exist in your area.

Collect articles concerning minerals from newspapers and magazines.
Make a survey of the minerals found in your area, county, and state.
Collect rocks from your locality. Examine and classify each rock for
color, smoothness or roughness, texture, grain, etc.

Obtain samples of minerals. Identify them by various tests and
characteristics mentioned in the outline and demonstrations.

Study a sample of sediment and discover its composition. Use graph paper
with millimeter squares to classify the sand particles by size. Identify as
many of the particles as you can.

Make a scale model of a valley in your area.

Heat a small piece of shale for two or three minutes. Then quickly dip it
into cold water. Relate this to the weathering process found in nature.
Collect samples of the different kinds of coal.

Determine the specific gravity of a rock sample.

Test common minerals with a magnet and see which ones possess
magnetism.

Grow chemical crystals in a jar.

Plan a scrap metal drive. Collect old metals and sell them.

Figure how much it costs to heat your home. What economigal practices
might be started which would conserve some of the fuel you are now using?
Explore the school, and list the kinds of minerals used in the building,
Visit the local fertilizer dealer and obtain samples of various fertilizers,
literature on the ingredients of each, and the source from which it came.
List and describe the new, useful minerals discovered since 1950.

Obtain as many kinds of minerals as you can and place them in the three
major groups--mineral fuel, metallic, and non-metallic.

II. Learning Materials
A. Audio-visual materials.

1,

See list of sources at the end of the guide.

B. Books and pamphlets.

1,

ERIC
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Adams, Frank Dawson, The Birth and Development of the Geological
Sciences, Dover Publications, Inc., New York, 1954.
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8.
9.

10.
11,

12,
13.
14.
15.
16.

17,
18,

19,
20.
21,
22,
28.

24.
25.

26.

Amstutz, G. C., "Sedimentology and Ore Genesis", Developments in

Sedimentology, Vol. 2, Elserier, 1964.

Bateman, A. M., Economic Mineral Deposits, 2nd Edition, Wiley, 1950.
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Booth, Verne H., Physical Science, 2nd Edition, MacMillan Company, New
York, New York, 1962.
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1963.
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BACKGROUND INFORMATION

It may be difficult to glamourize but impossible to overemphasize the importance
of soil to mankind. Either directly or indirectly, it is the principle source of our food and
clothing; it furnishes many of the raw materials needed in industry, in construction, and in
transportation; and finally, it has a stabilizing influence on water, plants, and animals,

Attempting to define soil with one definition is almost impossible because there are
thousands of kinds of soil, and each one has its own unique characteristics and history.
The following are a few of the accepted definitions of soil:

1. Soil is the zone of complex chemical, biological, and physical processes
constantly in action--a dynamic layer capable of change and develcpment.

2. Soil is the life-giving layer which supports all forests, grasslands, and
crops and from which the animal life of the lands derives its food.

3. Soil refers to the surface layer a few inches or feet thick which has
developed distinctive layers or horizons and which has the necessary physical,
chemical, and biological properties to sustain plant life.

4. Soil is the loose surface material of the earth in which plants grow.

Soil is a renewable natural resource, Nature can and does produce new 8oil, but
it is a very slow process.

The soil is divided into layers or horizons depending on the content, structure, and
biological activity found in each layer. These layers include the topsoil, subsoil, and
bedrock. The topsoil or horizon A is the uppermost layer and is composed of coarse
mineral particles and partially decomposed organic matter. It is an area of maximum

biological activity and can support plant growth.

Subsoil, composed of horizons B and C, contains less organic matter and smaller
mineral particles. There is very little biological activity in these layers and their ability

to support plant growth is very limited.

Horizon D, either bedrock or unconsolidated materials, is the bottom layer of soil
and serves as the parent material for the other horizons.

Fertile soil contains (1) rock particles, (2) humus, (3) water, and (4) air--all in
varying proportions.




The rock particles supply the minerals or nutrients needed for plant growth, The
major elements obtained from the soil include:

Nitrogen, in conjunction with other elements, causes green coloring, produces
rapid growth, and causes the development of leaves, stems, and fruit. Nitrogen increases
the protein content and leaf quality of many crops.

Calcium is important to plant growth. It serves as a food for the plant and as an
acid neutralizer. .

Phosphorus is available to the plant in the form of phosphates. A deficiency of
phosphorus limits cell division and causes late maturity, deformed growth, incomplete
seed formation and development, and weak root development.

A lack of potassium results in unnatural color in certain crops, & lack of winter
hardiness in legumes, and weak and shriveled grains.

Magnesium and sulfur are important for good plant growth.

Trace elements, as shown in the outline, are those found and needed by plants in
minute amounts. However, a deficiency of any of these elements will cause as serious a
problem as a deficiency of any of the major elements.

Humus, which is decayed organic matter, acts as a sponge to retain water in the
soil and to release various minerals as it decayvs.

Water is essential for life and serves as one of the raw materials used to build
protoplasm. It is a solvent in which the minerals may be dissolved thus permitting entry
into the roots of the plants. Minerals and nutrients must be in a solution to enter the root
system of plants. Water held tightly to the soil particles in a very thin layer is called
hydroscopic water and is not available for plant use. Capillary water is held to the soil
particles in a quantity that will move about in the soil and consequently provide moisture
for plants. Free or gravitational water moves freely downward and is available for plant
use for a limited period of time.

The oxygen needed for respiration by the plants and animals in the 3oil is provided
by the air from the atmosphere that is found in the pores of the soil.

The living micro-organisms found in the soil decompose the dead organic matter
releasing the nutrients for reuse by the plants. Larger animals, such as earthworms,
help keep the soil loose and porous and, thereby, allow more.air and water to circulate
through the soil. The roots of larger plants help to hold the soil in place. Of special
importance are the nodules found on the roots of legume plants (alfalfa, soybeans, etc.).

E-2

ERIC

Full Tt Provided by ERIC.




These nodules provide a home for nitrogen-fixing bacteria that have the ability to take free
nitrogen (an unusable form for plants) from the atmosphere and convert it to a usable form
for the plants.

In attempting to classify and describe soils, pedologists (soil scientists) have devised
three orders of soils. Soil developed over extensive areas under conditions of good drainage
during a sufficient length of time to develop distinct horizons are referred to as the zonal
order of soils. The intrazonal order consists of soils developed in areas of poor drainage,
such as meadows and bogs of humid climates and on flat upland surfaces. The azonal order
has no distinctive physical characteristics, such as horizons, because they are immature or
lie on slopes too steep to permit profile development.

Using texture as a basis of comparison, there are four general soil types. The
texture of a soil is important because it determines the rate at which water will drain through
the soil and the amount of water that will be retained or stored by the soil. The different
texture of soils is covered in the outline and no further information is needed here except to
note that loam soil is the best for most plants because it has the good characteristics of both
clay and sandy soils. Clay soils tend to absorb and hold large quantities of water which make
them very wet. Also, their small soil particle sizes tend to cause compression. With
larger soil particles, sandy soils tend to be very porous with poor water absorbing qualities.
Hence, they are usually dry and loose.

Climatic conditions under which the soils develop also influence the type of soil that
will be formed.

Podzolic soils develop in cool, humid forest areas in the higher latitudes of the
northern hemisphere and in a few areas in the southern half of the world. These soils are
commonly low in bases and organic matter and exhibit pronounced leaching. They are usually
not very fertile; however, they are very responsive to soil management practices.
Pennsylvania has large areas of gray-brown podzolic soil.

The soils developed in areas of high precipitation and high temperature are referred
to as latosolic soils and are found in Central Africa, Central America, Southeast Asia, and
northern Australia. Because these soils are strongly weathered and leached to great depths,
poor horizon development results. A high concentration of iron usually gives this soil a red
or yellow color.

Chernozemic soils develop in areas of grass vegetation in temperate to cool, sub-
humid regions. They are characterized by a high organic content resulting in a very dark
coloring. As a rule, they are very fertile.

Tundra soils develop in high latitudes and cold climates. The climate restricts
biological activity and the weathering process causes poor horizon differentiation. The
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subsoil is permanently frozen and is referred to as permafrost.

A soil that develops under mixed shrubs and grass vegetation in arid climates in
the middle and low latitudes is called a desertic soil. This soil is characteristically Jow in
organic content and nitrogen. Since it is slightly weathered and leached, faint and shallow
horizons result. However, the nutrient level of this soil is fairly high and with proper
management (irrigation), this soil may be the answer to our future land needs.

Within each of these groups are soil classifications referred to as local soils.
Basically, all soils will fit into one of the previous categories; but some local variations in
climate, precipitation, vegetation, etc. cause small differences among the larger groups.
These must be sub-divided into local classifications.

The manner in which soil particles are grouped or clumped together is called
structure and is important because it affects the absorption and transmitta}, rate of water.
Granular structure seems to be the best for most plants. This type of structure is charac-
terized by small, spherical particles. §

Irregular pieces with sharp corners and edges are called either "blocky" or "lumpy".

Columnar and prismatic structure refers to vertical columns or prisms varying from
a fraction of an inch to four feet across.

Horizontal, platelike pieces are characteristic of a soil with a "platy" structure.

The coarse fractions of soils, gravel, sand, and silt act as individual particles and
are composed of rock fragment or primary minerals, such as quartz and feldspar, plus
other salts, oxides, and hydroxides. Over short periods of time, these fractions serve as
relatively inert skeletons where the more reactive constituents are assembled. Clay, the
fine fraction of soils, contains collodial oxides, hydroxides, amorphorus silicates, chlorites,
micas, and a group of organic compounds and controls most of the important properties of a
soil. Most chemical reactions occur on the surface of soil particles, Clay particles are the

| smallest and the most numerous, thereby offering the most surface area for chemical
reactions.

pH 18 used to designate the acidity or alkalinity (base) of a material. It is a scale
ranging from 1 to 14, A pH of 7 is neutral indicating a balance of H* and OH™ ions. Num-
bers below 7 indicate a surplus of H* ions, and those above 7 indicate a surplus of OH™ ions.
The larger the deviation from 7, the stronger the acidity or alkalinity of the material. Thus,
a pH of 1 is very acid in relation to a pH of 6. Most plants grow best in PH ranges around 7.

Soil formation is influenced by many factors. The climate of an area, particularly
_the temperature and the amount and kind of precipitation, influences the rate of weathering
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and decomposition of organic matter. It exercises indirect control by its control over the
type of plants and animals that can thrive in a region. Since climate is so important to

goil formation, the broad soil regions of the world tend to follow the distribution of climates.
However, soil and climate regions are not identical since other factors are also important

in soil formation.

The parént rock, sometimes called & passive factor, must be weathered to form the
soil parent materials. These are then further changed as horizons develop in & soil profile.
The composition and structure of the rock greatly influence the rate and products of weath-
ering. Pedologists disagree about the extent to which the kind of parent material determines
the soil's characteristics. At one time, soil classifications were largely geological in
nature; that is, they were divided into two major groups. The residual groups were based
on the type of rock from which the soil was developed and the transported groups according
to the way in which the materials were deposited. About 1870, Russian pedologists claimed
that regardless of what the parent material was, with similar topographic, climatic, and
vegetative conditions, and after equal time intervals, the soils produced were essentially the
same.

Topography or relief affects runoff and drainage of water and, therefore, affects soil
formation. Runoff is large on steep slopes and small on level slopes. Runoff removes
waathered rock and soil on steep slopes giving rise to thin and poorly developed soils. It
also influences the amount of moisture in the soil by determining the rate of drainage in any
particular area.

Biological activity is important chiefly to horizon differentiation. In ideal habitats,
the plants become so numerous that they change the nature of the soil itself. When the
plants die, they add humus to the soil. This increases the water-holding capacity of the
soil and also, as the humus itself decomposes, adds fertility which permits still more
luxuriant plant growth, Increased plant growth means 8 more extensive network of roots
underground to absorb water and minerals from the soil. These roots help to hold the. soil in
place, thus reducing the amount of erosion. Also, plants furnish food and shelter for
animals. Abundant plant growth implies the presence of animals. These animals affect the
condition of the soil also.

How much time is required for soil formation depends upon when and where the
processes must act. No matter where it occurs, it is a slow process. It may form at the
rate of one inch every 1,000 years, or it may take as long as several million years.

In his attempt to change the environment to suit his own needs, man influences soil
formation. By adding lime, he changes the pH of a soil from acidity to neutral and in-
creases organic content with the application of manure. Addition of commercial fertilizers
greatly increases the amount of nitrogen, phosphorus, and potassium. Probably the
greatest influence is exerted by the way he uses the soil and the farming methods involved.
These methods will be discussed in greater detail in conservation practices.
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The actual process of soil formation can be divided into three simultaneous
processes. The process whereby the rocks are changed physically from larger to
smaller pieces is called physical disintegration. This breaking up of rocks is caused
by abrupt temperature changes; rocks expand when heated and contract when cooled.
However, the exterior of the rock will change faster than the interior part of the rock.
Conseguently, a rapid change in temperature causes opposing forces within the rock and
creates cracks and fissures. These cracks fill with water which freezes, causing the
cracks to enlarge. By alternate periods of freezing and thawing, the rocks are broken
down gradually. Abrasion is a further cause of rock disintegration. This is a result of
glaciers, wind-blown sand, and pebbles carried by water hitting the rock surface and
wearing away small amounts of the parent rock.

Chemical decomposition of rock particles takes place by oxidation, hydration, and
corrosion by acids. Oxidation refers to the combining of oxygen from the air with
minerals in the rocks. The combination of water with these minerals is called hydration.
Carbon dioxide, a by~product of respiration, combines with water to form carbonic acid
in the soil. This acid causes corrosion of rocks and other materials and aids in new soil
production.

Another phase of soil formation is the addition of humus to the rock particles. In
order to be classified as a soil, the rock particles must contain humus.

Soil erosion and soil formation are two sides of the same coin. Both are normally
present at the same time on any piece of land. Soil erosion is a tearing down process; soil
formation is a building up process. Within limits, both are normal and desirable aspects
of nature; but, unfortunately, in many instances man has upset the balance of nature and
speeded up the process of erosion by methods listed in the outline.

The first step toward soil erosion is usually biological deterioration. There is a
decrease in the amount of organic matter brought about by a decreased number of plants and
animals. This is followed by physical deterioration where the soils become more compact
with a smoother surface. The granular structure of the soil breaks down resulting in fewer
and smaller pores in the soil. Leaching begins to take place at a rapid pace, and mineral
content becomes deficient for plant growth. This results in a decline in 8oil fertility and is
called chemical deterioration. Moisture deterioration consists of a lowering of the water
table and an inadequate supply of water for plant growth. Because of the compactness of
the soil surface, evaporation and runoff are high and .the percolation of water into:.the soil is
slow. Finally, erosional deterioration starts. It is caused primarily by water or wind.

Raindrop splash is one of the major factors in water erosion in that it causes
structural change in the soil horizons. The force applied to the soil by the raindrops breaks
up the soil and makes it more vulnerable to erosion. The magnitude of the eroding force is
determined by the size of the raindrops, velocity, and amount of rainfall. Puddle erosion
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refers to the beating and churning action of these drops on the soil's finely broken parts
by forcing them into a nearly impervious layer of surface mud. Fertility erosion refers
to the removal of the light organic soil particles by the raindrop splash. The most dan-
gerous form is sheet erosion because it is difficult to detect and attacks only the topsoil
in fertile land. It is actually splash erosion where the raindrops wear the soil down
evenly over the entire surface of the field.

Runoff water causes gully erosion which, as the name implies, is the formation of
gullies in the fields. The determining factors are the amount of water and the velocity with
which it leaves the field, The more volume and higher velocity of water, the more erosion

it will cause.

wind, the second agent of erosion, generally erodes soil in areas of light rainfall.
Most soil carried by wind is moved in a series of short bounces that is called "saltation.
Soil grains moved by saltation are started by eddies which lift them straight up. The
forward movement of the wind simultaneously pushes them along until the pull of gravity
overcomes the lifting power of the wird. In the "suspension movement", the lifting power
of the wind on the fine particles still exceeds the gravitational pull. The particles are
lifted higher and are carried along with the wind. Sand grains too heavy to be lifted off the
ground by eddies are pushed along the surface by a movement called "surface creep'.

The movement of soil particles by the wind is primarily dependent on the force and
velocity of the wind. Soil movement depends on the moisture in the soil, the character of
the soil, and the size of the soil particles.

Erosion, by wind or water, causes a lowered productivity of the land, a decrease
in the value of farmlands and real estate, a decrease in the quality of products, and
emigration of people from an area. It affects the water of an area by decreasing the
amount of water "caught" and held by soil and, therefore, lowers the water table. Water
will become polluted easier in areas of soil erosion, and the amount of sediment carried

by the stream will be greatly increased.

All forms of erosion control are based on slowing down the velocity of the eroding
agent. The water must be made to nwalk off" the land rather than "run off". The slower
the eroding agent travels, the less force it has. Man speeds up the erosion process pri-
marily by removing the protective cover of the land. The most common practices that
remove the vegetative cover are listed in the outline.

Throughout the history of man, the utilization and exploitation of soil has depended
on climate, natural vegetation, and parent rock. For this reason, soil products vary from
region to region, and different cultivated crops originated in different areas of the world.

In the Near East, Triticum and Hordeum are found wild and probably gave rise to
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early forms of Emmer wheat and barley respectively. These two grain crops occur
together in practically all early archaeological sites in Mesopotamia and Egypt. Recent
studies have demonstrated that high water flood periods in the Tigris- Euphrates Valley
created extreme silting problems. The salt dissolved in the rivers was deposited in the
soil and as time passed became concentrated. The history of this area shows that the
people began evacuating the city around 1700 B.C. and moving to Babylon when the crop
production started to decline. However, in less than 300 years, they suffered the same
decrease in soil fertility that seems to coincide with the conquest by the Hittites.

In the climates of Mesoamerica, plants adapted to a different type of soil and
were later domesticated and introduced throughout North America.

The evolution of the use of the soil appears to correspond with that of technology.
Technology covers any act by which man handles, profits from, or modifies his physical
or biological environment. As man progressed from a food-gathering stage through the
stage of hunting and fishing to that of incipient food production, his technology advanced
correspondingly. Man could not hunt animals until a tool for trapping or killing and
butchering was developed. A different tool was required in order to clear fields, even
though the actual planting may have been performed with the hands. More advanced
forms of farming required the development of a more sophisticated assemblage of imple-
ments. Thus, digging sticks gave way to hoes, hand-pushed plows led to oxen-drawn
plows, and in major cultural areas, various types of irrigation farming developed into
full-scale control of soil and water supply. This should not imply that cultural evolution
develops within a given population at a given rate. Instead, the development is one of &
multi-linear nature with stages occurring in different groups at different times according
to fluctuations in the physical and biological environments of those groups. Therefore,
an entire cultural area may be considered as having evolved along the same general
cultura! lines; that is, Southeast Asie. and the Near East evolved from different economic
bases, but at the same general level of cultural complexity at slightly different time
periods. Thus, soil and the way man uses it represents one segment of a complex
mechanism that affects the evolution of man's culture.

It is no coincidence that Syria, Iraq, the Holy Land, parts of China, Mexico, and
Greece--once seats of thriving civilizations--are now desert or semi-arid desert.

The unofficial closing of America's frontier is generally set at 1890 and thus
ended nearly 400 years of continous movement in the search for new lands in America.
Until this time, the pressure on the land was not great, for there were millions of acres
of 1and and less than a million Indians. Today, this same land area supports a population
which is already more than 200 million. Needless to say, the pressure on the land has
increased enormously.

The immigrants found bountiful and productive soil in America. Productive soil
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plus the demanding struggle for frontier existence made them careless in their use of the
soil. With the seemingly endless opportunities to move on to areas of better soil, it was
easier to move than to attempt to maintain productivity of these first-tilled acres.

During the colonial period, tobacco and corn cultivation extracted & heavy price
from the original soil. Thomas Jefferson, George Washington, and James Madison used
scientific practices to stop or control soil erosion, However, land was so plentiful and
cheap that not many paid attention to these efforts.

As the settlers moved westward, the process of unwise soil practices continued
in many areas. In every section of the country in which soil depletion occurred, the
accompanying social and economic problems became tremendously costly. 'Soil-
butchering' has left in its wake entire regions whose economic growth rate has been
retarded or stopped. Nothing was done to alleviate the problem until 1938, when Dr.
Hugh Bennett published a booklet, "Soil Erosion, a Natural Menace". However, the
great dust storms of the thirties emphasized the erosion problem and started action }
against soil erosion with the formation of the Soil Erosion Service in 1933. In 1935, the |
name was changed to the Soil Conservation Service, a department that is active at the
present time.

Local farm areas are organized into soil conservation districts financed by federal
funds but controlled by the local group. Cooperative organization is used to plan and put
into practice conservation practices suitable for the local area. The objective of this
group is "the utilization of every acre within the limits of its capability and the protection
of every acre in keeping with its need".

Additional basic land facts are:

1. Food comes largely from the soil.

2. Productive land around the world is of limited extent and is becoming more
scarce and poorer wherever there is uncontrolled erosion.

3. Most of the people of the world are underfed. Hunger is a product of worn-
out, unproductive land.

4. Hungry people make fertile ground for sowing the seed of discontent, strife,
uprisings, and war.

5. Soil conservation is an inescapable part of national defense and a desirable
standard of living.

6. Lasting conservation can neither be carried out nor maintained without the
cooperation of landowners and operators.

7. Since nations have an unending interest in the land, governments should pay
part of the cost of conservation.

8. We have approximately 500 million acres of good land left in the United
States.

E-9

©

Ui ric

Aruitoxt provided by Eic:




9. At what levels of population and income growth are strains likely to
appear in today's pattern of land use ?

More people, higher per capita incomes, increased leisure time, and
greater mobility of population are creating varied demands for land
resource development as recreational areas.

Land areas used to produce cash crops that are not surplus are in
competition with urbanization,

Fifteen per cent of the United States population depends on waste
disposal through dispersion in the soil. There are approximately 300, 000
individual sewage disposal units installed each year requiring 75,000 acres
of land.

10. Can the same land area that supported 180 million Americans in 1960
support 330 million in the year 2000 with the same high standard of living?
11. Growing population needs could be satisfied in the past by increasing
acreage of cultivated land--nowadays we must increase productivity.

We have gone through a successful agricultural revolution since World
War II. The average acre in 1960 yielded two-thirds more crops.

Since 1920, replacement of farm animals by machines has freed 80
million acres for crop production formerly used to produce horse and mule
feed.

Reasons for increased production are: (1) shift of producing areas, such
as cotton growing to California, {2) more acreage under irrigation, (3) more
acreage per farm, (4) mechanization, and (5) plant breeding; selected breeding.

E-10




©

ERIC

Aruitoxt provided by Eic:

- A - e -——— A -——— A - B B

OUTLINE OF CONTENT MATERIAL

I. Description
A. Many definitions (see page E-1).
B. It is a resource.

1.
2.

> Co

Limited and complex.

Renewable and indispensable.

Can be improved over and above its original state.
Subject to many pressures.

a. Urban housing developments.

b. Highway construction.

C. Profiles (layers).

1.

3.

Topsoil or horizon A.
a. Uppermost layer.
b. Coarse mineral particles.
c. Partially decomposed organic matter.
d. Area of maximum biological activity.
e. Can support plant growth.
Subsoil.
a. Horizon B.
1. More compact.
2. Smaller mineral particles.
3. Less organic matter.
b. Horizon C.
1. Parent material of the upper two layers.
2. Very little soil life.
Bedrock or horizon D.
a. Bottom layer.
b. Parent material of horizons A, B, and C.

II. Components of the Soil
A. Solids.

1.

2.

3.

Inorganic.
a. DPebbles and clay from weathering processes.
b. Gives soil most of its weight and volume.
c. Supplies minerals needed for plant growth.
Organic.
a. Living and dead plant and animal material.
b. Humus.

1. Retains water.

2. Releases minerals as it decays.
Essential elements from the soil for plant growth.
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a. Major elements.

1. Nitrogen.
2. Calcium.
3. Phosphorus.
4. Potassium.
5. Magnesium.
6. Sulfur.
b. Trace elements.
1. Iron.
2. Manganese.
3. Boron.
4. Copper.
5. Zinc.
6. Many others.
Liquids.
1. Dissolved salts caused by weathering.
2. Acid produced by bacterial decay of plant matter.
3. Water and dissolved gases of the atmosphere.
a. One of the raw materials for protoplasm.
b. A solvent - Minerals are dissolved permitting them to enter the roots
of the plant.
4. Soil - water.
a. Hydroscopic.
b. Capillary.
c. Gravitational.
Gas.
1. Occupies pore spaces between solid particles.
2. Air furnishes the oxygen needed for respiration by:
a. Roots of plants.
b. Bacteria, fungi, nematodes, etc.
3. May have larger portion of carbon dioxide and water vapor than atmosphere;
liberated by processes going on in the soil.
Soil must contain rock particles, humus, water, and air to support good plant

cover.
Animal organisms of the soil.

1. Macro-animals.
a. Rodents.
b. Millipedes and centipedes.
c. Spiders.
d. Mites and ticks.
e. Snails.
f. Insects.
g. Worms.
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2. Micro-animals and protists.
a. Nematodes.
b. Protozoa.
c. Others.
Plant and protist organisms of the soil.
1. Roots of higher plants (legumes).
2. Algae.
3. Fungi.
4. Actinomyces.
5. Bacteria.
a. Aerobic.
b. Anaerobic.

Classification of Soils
A. Classification (three soil orders).
1. Zonal order.
a. Development.
b. Characteristics.
2. Intrazonal order.
a. Development.
b. Characteristics.
3. Azonal order.
a. Development.
b. Characteristics.
B. Chart of classification of all soils (see chart at end of outline).
C. Texture of soil as determined by size of soil particles.
1. Fine gravel (grains 1.0 - 2, 0mm in diameter).
2. Sand.
a. Coarse sand (grains 0.5 - 1.0 mm in diameter).
b. Medium sand (grains 0.25 - 0.50 mm in diameter).
c. Fine sand (grains 0.10 - 0.25 mm in diameter).
d. Very fine sand (grains 0.05 - 0.10mm in diameter).
3. Silt (grains 0.005 - 0.05 mm in diameter).
4. Clay (grains less than 0,005 mm in diameteér). -
D. Major textures of soil.
1. Sandy soil.
a. 80% or greater sand.
b. 20% or greater silt or clay.
2. Sandy loam.
a. 20-50% silt and clay.
b. Remainder sand.
3. Loam.
a. 20% or less clay.
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b. 30-50% silt.

c. 30-50% sand.

d. Best type for most plant growth.
4. Clay.

a. Greater than 30% clay.

b. 70% other materials.

E. Types of soll (great soil groups).
1. Podzolic soils.
a. Conditions needed for development.
b. Characteristics.
c. Major locations of this type of soil.
2. Latosolic soils.
a. Conditions needed for development.
b. Characteristics.
c. Major locations of this type of soil.
3. Chernozemic soils.
a. Conditions needed for development.
b. Characteristics.
c. Major locations of this type of soil.
4. Tundra soils.
a. Conditions needed for development.
b. Characteristics.
c. Major locations of this type of soil.
5. Desertic soils.
a. Conditions needed for development.
b. Characteristics.
c. Major locations of this type of soil.
6. Local soil types.
a. Similar to major types.
b. Slight variations due to local climate, topography, etc.
Structure of Soil
A. Types.
1. Blocky.
2. Granular.
3. Columnar and prismatic.
4. Platy.
B. Importance of structure.

1. Affects rate at which water can be absorbed and transmitted downward.

2. For most plants, granular or mixed granular and blocky is best.

3. Maintenance of proper soil structure is as important as maintenance of
plant nutrients.
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V1.

VIIL.

C. 8oil constitution.
1. Degree of compaction.

2. Stickiness.

3. Porosity.

4. Consistency.
Mineralogy of Soils

A. Coarse fractions of svils (gravel, sand, and silt).
1. Act as individual particles.
2. Are composed of rock fragments or primary minerals.
3. Over short periods of time, they serve as relatively inert skeletons upon
which more reactive constituents are assembled.
B. Fine fractiors of soil (clay).
1. Controls most of the important properties of a soil.
2. Have the largest surface area.

Chemistry of Soils
A. Clays have the greatest influence on chemical activity of the soil.
1. Most chemical reactions occur on the surface of soil particles.
2. Clay particles are the smallest and most numerous.
a. Present largest surface area.
b. Have the most chemical activity.
B. Cla}.'+ particles can hold various positive ions, such as: H', Na*, ca*™, and
Mgt
1. These can be replaced or exchanged.
a. Important in soil management and plant nutrition.
b. A change of ion concentration changes characteristics of the soil.
2. The acidity or alkalinity of a soil depends on which of these ions
predominate.
a. Acid.
1. Predominately H*.
2. pH lower than 7.
b. Alkaline.
1. Predominately Ca* or Na*.
2. pH higher than 7.
c. Neutral soil - Pl-l of 7.

Formation of Soils
A. Factors influencing soil development.
1. Climate.
a. Temperature and rainfall.
1. Governs rate of weathering.
2. Governs rate of decomposition of minerals.
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b. Controls the kinds of plants and animals that can thrive in a regjon.
c. Broad soil regions of the world tend to be the same as the distribution
of climates (not identical because of other determining factors in soil
formation).
Parent rock,
a. Passive factor.
b. Must be weathered to produce soil.
c. Composition and structure influenee rate and products of weathering.
Topography or relief.
a. Affects runoff.
b. Affects drainage.
1. Steep slopes.
2. Level slopes.
Biological activity.
a. Horizon differentiation of soil.
b. Results,
1. Increase in organic matter in soil.
2. Increase in nitrogen in soil.
3. Gains or losses in plant nutrients in soil.
4., Increase or decrease in porosity of the soil.

c. Plants.
1. Lichens.
2. Bacteria.
Time.

a. Long time for topsoil to develop.
b. Depends upon where and upon what the processes must act.
Modification of soil by man.
a. Soil testing to determine treatment.
1. Obtaining a representative sample.
a. Selection of area to be sampled.
b. Depth of sampling.
c. Size of sampling.
d. Type of sampling.
2. Soil testing procedures.
3. Interpreting soil test.
4, Utilization of soil tests.
b. Adjusting pH.

1. Liming.
2. Leaching of alkaline soil by irrigation.
3. Others.

c. Addition of fertilizers.
1. Fertilizer elements.
a. Nitrogen.
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b. Phosphorus.
c. Potassium.
2. Time of application.
3. Quantity.
B. 8Soil formation.
1. Caused by the weathering process which consists of three simultaneous
processes.
a. Physical disintegration.
1. Abrupt temperature changes.
2. Abrasion.
a. Glaciers.
b. Wind-blown sand.
c. Pebbles carried by water.
d. Others.
b. Chemical decomposition.
1. Oxidation.
2. Hydration.
3. Corrosion by acids.
c. Addition of humus to the rock particles.
2, Caused by biological activity.

VIII. Erosion
A. Steps in soil deterioration.
1. Biological deterioration.
a. A decrease in amount of organic matter.
b. Fewer burrowing animals.
c. Fewer plants (annuals rather than perennials).
2. Physical deterioration.
a. Soil becomes more compact.
b. Smoother surface.
c. Fewer and smaller pores for water.
d. Granular structure of the soil begins to break down.
3. Chemical deterioration.
a. Mineral deficiencies are present.
b. Considerable leaching has taken place.
c. Soil fertility has declined.
4, Moisture deterioration.
a. Lowered water table.
b. Surface evaporation and runoff are high.
c. DPercolation of water into soil is slow.
d. Drought injury is frequently evident.
5. Erosional deterioration.
a. Water.

b. Wind.
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B. Erosion.

1.

2.

1.

1.

5.
b. Win
1.

kint

2.

4, Damage of erosion.
a. Land.

1.

ERIC

Full Tt Provided by ERIC.

1. Definition.
2. General facts. [
a. Beneficial as well as harmful.

b. Cannot stcp all erosion.

3. Agents of erosion.
a. Water.

d.

Slow, normal erosion exposes fresh minerals from underlying

rocks at rates of 1 inch per 100 to 1,000 years. -

Accelerated erosion is harmful.

a. Burning, grazing, forest cutting, or tillage.

b. Most serious loss is change in structure of horizons and
loss of topsoil.

Can control it.

a. Protective cover of plants. ,
b. Productive as well as protective. I
c. Utilizing conservation practices. —

Raindrop splash.

a. Puddle erosion.

b. Fertility erosion.

c. Sheet erosion.

Flowing surface water.

a. Carrying or moving power.
b. Cutting or tearing power.
Riparian and river channel erosion.
Stages of water erosion.

a. Sheet erosion.

b. Rill erosion.

¢. Gully erosion.

Freezing and thawing.

How wind moves.

a. Forward movement.

b. Spinning movement - eddies.

c. Puffing movement - gust.

d. Swirling or tumbling movement.
How wind moves the soil.

a. Saltation.

b. '""Suspension movement'.

c. "Surface creep'.

Lowered productivity of land in use.
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9. Decrease in value of farmlands and real estate.
3. Decrease in the quality of products.

4. Emigration of people.

5. Dust storms.

6. Decreases food for wild game.

Water.

1. Affects moving ground water.

9. Easier for water to become polluted.

3. Increase in amount of sediment carried and deposited.
4. Lowers the water table.

5. Increased floods taking toll of life and property.

5. The human factor in soil erosion.
Man causes erosion.

a.

1.

2.

Removing native vegetation.
a. Tree girdling.

b. Commercial lumbering.
c¢. Cultivation.

d. Deforestation.

e. Over-grazing.

f. Fires.

g. Lowering the water table.
h. Strip mining.

i, Building trails and roads.
Allowing monetary gain to overrule sound ecological and
conservation concepts.

b. Man accelerates the erosion process.

IX. Control and Prevention of Erosion
A. Education of the public.
B. Conservation farming to reduce water erosion.
1. Contouring.
2. Terracing.
3. Strip cropping.
4, Crop rotation.
5. Use of fertilizers.
6. Irrigation.
7. Sod waterways.
8. Green manure.
9. Woodlot management.
10. Contour farming.
11. Diversion channels.’
12. Mulching.
13. Cover crops.
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14. Drainage.

16. Pasture improvement.
16. Gully control.

17. Pond management.

18. Reforestation.

19. Use of soil maps.

20. Check dams.

C. Conservation practices to reduce wind erosion.

1. Reduce wind velocity near the ground.
a. Maintain crop growth.
b. Erection of physical barriers.

2. Increase soil aggregation.

3. Decrease area of fields.

4. Ridging.

5. Terracing.

6. Windbreaks (trees).

X. Historical Aspect of Soil
A. Variation of plant forms caused by soil.

XI.

1. The Near East.

a. Natural and cultivated forms.

b. Origin of wheat and barley.

c. Influence on disintegration of Mesopotamia.
2. Mesoamerica.

a. Natural and cultivated forms.
b. Origins of corn.

Influence of soil types on development of corresponding technological forms.

1.
2,

Evolution of technology and soil utilization.
Influence of soil utilization on cultural evolution.

Soil conservation in the United States.

1. George Washington and Thomas Jefferson.
2. Dr. Hugh Bennett.
3. 1933: Congress created the Soil Erosion Service.
4, 1935: It became the Soil Conservation Service.
a. Soil conservation district.
wws 1. Conservation farm plan.
2. Objective.
b. Regional planning.
5. Present soil conservation programs.

Future Demands of the Land and Soil

A. Land area of the United States consists of 2. 25 billion acres.

1.

450 million acres used for crop production,
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B.

2.
3.
4,
S.
6.

635 million acres used for non-forest grazing.
750 million acres used for forests.
65 million acres for urban, industrial, and transportational use.

25 million acres for recreational use.
325 million acres for all other uses.

Nine out of ten acres of United States land are used for growing crops to be
consumed directly, to be fed to livestock, or to be turned into fiber and

forest products.
Eleven and one-half acres of land per person in the United States at the present

time.

1.

Over the past fifty years, an estimated 400, 000 acres of crop land per year has
been lost to erosion.

Only three acres per person are used as crop lands.
a. One-third is seriously eroded.

b. One-third is moderately eroded.

¢. One-third is highly productive.

Other eight acres.

a. Recreation.

b. Forest products.

c. Urbanization.

d. Wastelands.
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SOIL CLASSIFICATION BY ORDERS & GROUPS
(From A. N. Strahler, The Earth Sciences, Harper and Row, p. 620, 1963)

Azonal Order (——

Lithosols (mountain soils)

Regosols (alluvial soils and dunes)

©

ERIC

Aruitoxt provided by Eic:
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~_ (arid, semi-arid, subhumid climates)—

Intrazonal Order Zonal Order
(humid climates Saline soils
fintrazonal Order Zonal Order Alkaline soils
Bog soils Podzol soils Chernozem soils
Prairie Soils

Meadow soils Gray-brown podzolic soils ¢—I Chestnut soils

Plain soils Red-yellow podzolic soils Brown soils
Latosols Gray desert soils
Tundra soils Red desert soils

Increasing Temperature Increasing Aridity




LEARNING ACITIVITIES AND MATERIALS

L

Learning Activities
A. Demonstrations.

1.

4,

7..

Using a soil testing kit, test soil from different areas. Record and explain

the differences. (Instructions are in the kit.)

Obtain several flowerpots. Fill the first pot with poor soil (subsoil), Fill

the second with subsoil and add some organic matter (humus), Fill the

third pot with subsoil and add commercial fertilizer. Add organic matter
and commercial fertilizer to the subsoil in the fourth pot. Fill the fifth pot
with topsoil only., Plant several grain kernels in each pot. Give each pot
equal care and attention, Note and explain differences between plant growth,

Test a sample of soil for organic matter. Weigh the sample, dry it, and

weigh it again to determine the water content. Now burn the soil and weigh

it.again to determine the weight of the organic material,

Weathering processes:

a. Rub two pieces of sandstone together,

b. Heat a small piece of limestone and drop it quickly into a pan of ice
water.

c. Place some small pieces of limestone in vinegar. Heat the vinegar.
The acid in the vinegar will react with the limestone and produce carbon
dioxide bubbles. The limestone will eventually break down.

Take three lamp chimneys or plastic cylinders and fasten thin cloth over the

bottom of each cylinder. Fill one cylinder 3/4 full with sand, one with clay,

and one with topsoil. (Make sure the soil is dry.) Invert the cylinders and
place the cloth end of each under water. Note how long it takes for the water
to move up the cylinders one inch, two inches, etc. This is capillary action.

Compare the different soils.

Line two funnels with clean filter paper and place in racks. Pour clear

water into one of the funnels and muddy water into the other funnel. Explain

how this action compares with that of puddle erosion.

Demonstrate the effect of splash erosion by placing a small pile of sand out

in the open. When it rains, the sand pile will be flattened. Place a coin or

two at various spots on the sand pile.

Collect samples of runoff water in jars from (a) a muddy stream, (b) a

stabilized gully, and (c) a grassed waterway. Allow the sediment in each to

settle. Determine the amount of soil carried in each gallon of water.

Fill a pan with light soil. Mulch the soil with twigs or straw. Expose it to

the wind from an electric fan for three minutes. Determine the amount of

rippling or other soil movement. Remove the mulch, Expose the 8oil to the
wind for one minute, Compare the results.
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10.

11.

12.

13.

14,

Try to remove the soil from a piece of dense sod by shaking it and then by
running water over it to show how earth clings to the roots. Emphasize the
importance of plant cover in preventing erosion.

Pour 1/2 inch of water into a quart jar. Fill the jar with light colored, dry
sand. Observe the capillary action as the sand becomes moist.

Fill a quart jar 1/4 to 1/3 full with a mixture of fine clay, silt, sand, and
fine gravel. Fill with water and vigorously shake the jar for a few moments
and then place the jar on a table. After 24 hours, observe the sorting effect
of water.

Collect leaf mold and soil from forest floors. Examine and note the break-
down in organic matter.

Acquire soil samples from different areas--woods, abandoned fields, good
soil, etc. Note the different and similar plants, roots, and animals found
in each sample.

Field trips.

1. To find evidence of soil erosion, weathering, and leaching.

2. To visit a farm where good conservation techniques are practiced. Note
what is being done to control erosion (contour, strip farming, rotation of
crops, diversion ditches, and check dams).

3. To view soil profiles at an excavation site and note differences between
topsoil and subsoil. Note differences between soil in forests, in pastures,
in cultivated fields, and in gardens.

4, To visit a farm to study gully erosion, sheet erosion, stream bank erosion,
and wind erosion. (Write a paper describing how the various forms of
erosion could be checked or prevented.)

5. To an abandoned farm to determine why it was abandoned.

6. To a rock quarry or a strip mine.

7. To the Carnegie Museum (Pittsburgh) to see the exhibit, '"Deadline for
wildlife'.

Discussion.

1. Discuss the effect of soil erosion on ancient civilizations.

2. Discuss the responsibility of federal, state, and local government agencies
in soil conservation,

3. List basic commodities under food, clothing, and shelter to show how many
of these are products of the soil.

4. Discuss the time it takes natural forces to produce topsoil in relation to the
amount of time it takes man to destroy it.

5. Discuss the extent to which the local standard of living i8 dependent upon
soil productivity.

6. How does the character and quality of soil affect plant growth? Emphasize

(1) plants most suitable for various kinds of soil and (2) the importance of
soil quality in efficient production. How do these factors influence the
cultures of different areas ?
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D.

E.

7. What factors are constantly changing the earth's surface (rain, wind, ice,
snow, plants, animals, and man)?

8. Discuss factors which influence the rate of erosion.

9. Discuss the importance of crop rotation to soil fertility. (Be sure to
include legumes. ).

10. Comment on the following quotes:

a. Jefferson - 1817: "Fields are no sooner cleared than washed. "

b. Patrick Henry - 1790: '"He is the greatest patriot who stops the most
gullies, "

c¢. Theodore Roosevelt: "When soil is gone, man must go."

11. What were the primary purposes of the early settlers and how did these
purposes affect the early treatment of the soil? Of all the resources?

12. Discuss "What is soil ?"

13. What would life be like if all of the topsoil would be lost?

14, Locate fertile and non-fertile areas in Pennsylvania, Discuss kinds of
crops in different areas. Explain population movements in Pennsylvania
during the last thirty years.

15. Discuss how soil usage has affected the history of peoples of other times
and places.

a. Hiatory of the Nile River Valley.
b. History of Ancient Persia.

16. What is conservation farming ?

17. How might you prevent soil erosion?

18, What is a lichen? 1Is it of any value?

19. What avre the eight land cepabiiity classes?

20. What is the difference between a rock and a mineral2

21. Discuss the statement: "In a democracy, the use of the soil is the
owner's right."

22. How can stopping erosion help to control floods ?

Bulletin board displays.

1. Make pictures showing "before and after' erosion control practices of
land. .

2. Depict the ways in which good soil management can promote fish, wildlife,’
recreational, and industrial value of an area.

8. Show the minerals needed for plant growth.

4, To show the composition of commonly used fertilizers.

5. To show the agents of erosion and the types of erosion.

6. To show how to prevent erosion,

7. To show soil types found in the area.

8. To show the type of rocks found in the area.

9. To show the products that come from the soil.

Student activities and projects.

1.

Make a model of a farm showing methods of controlling soil erosion.
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8.
9.
10.

11.
12.

13.

14.

1.

Make a diagram to explain the movement of water in the soil and the
movement of water up through the plants into the atmosphere.

Write a paper concerning the weathering processes and how they affect soil
formation.

Write a paper presenting a 3-, 4-, and 5-year crop rotation plan and justify
your choices.

Choose and briefly sketch a farm of your community and make recommenda-
tions as to its most desirable care and use.

Put a sample of damp soil and a leaf mixture into a small jar and label it
with the date. Observe how long it takes for the leaves to mold, decay, and
become part of the soil.

Look around the school grounds for erosion and mention ways it could be
prevented or checked.

Collect and label soil samples from various areas.

Prepare a plan to prevent erosion on the school grounds.

Study the root system of an alfalfa plant, a grass plant, a dandelion, and a
carrot.

Plant and care for a tree.

Prepare a plan to increase the amount of organic matter in the soil in your
garden at home.

Prepare a list of things in your home that came directly or indirectly from
the soil.

Write a paper on the origins of the soil conservation movement.

Learning Materials
A. Audio-visual materials.

See list of sources at the end of the guide.

Books and pamphlets.
1. Audubon Nature Encyclopedia, Vol. 10, p. 1867, copyright 1965 by National

2.

3.

Audubon Society.

Bennett, H. H., Elements of Soil Conservation, 2nd Edition, McGraw-Hill
Book Company, 1955.

Buckman, H. C. and Brady, N. C., The Nature and Properties of Soils,
6th Edition, The MacMillan Company, New York, 1960.

Butler, M. D., Conserving Soil, D. Van Nostrand Company, Inc.,
Princeton, New Jersey, 1955.

Clark, G., World Prehistory, Cambridge University Press, London, 1962.
Coyle, D. C., "Conservation", Rutgers University Press, 1957.

Dohrs, F., Sommers, L., and Petterson, D., Outside Readings in
Geography, Crowell and Company, New York, 1955.

Emde, George H., Soil Conservation and the Banker, New Brunswick, New
Jersey, June, 1947.

Helbaek, H., Paleobotany of the Near East and Europe in Braidwood, R. and
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10,
11,

12.
13.

14,

15,

16.

17.

18,

19.

20,

21,

22.

23.

- 24,

25.
g 26.

Howe, B., Prehistoric Investigations in Iragi Kurdesian, Studies in Oriental

Civilization, No. 31, University of Chicago Press, Chicago, 1960.
Honigmann, J., The World of Man, Harper and Row, New York, 1959.
Jacobson and Adams, R., Salt and Silt in Ancient Mesopotamia in Science,
Vol. 128, No. 3334.

Kellog, C. E., "Soil", Scientific American, July, 1950,

Landsburg, H. H., Natural Resources for U, 8, Growth, A Look Ahead to :
the Year 2000, Johns Hopkins Paperback, 1964.

Legget, R. F., Soil: Its Geology and Use, Bulletin of the Geological
Society of America, Vol. 78, pp. 1433-1460, 1967.

Lyon, T. L. and Buckman, H, C., The Nature and Properties of Soils,
The MacMillan Company, New York, 3rd Edition, 1957.

Marshall, C. E., The Physical Chemistry and Mineralogy of Soils, Vol. 1, 3
Soil Materials, J. Wiley and Sons, New York, 1964.

McGraw-Hill Encyclopedia. of Science and Technology, McGraw-Hill Book
Company, New York, Vol, 12, "Soil", 1960,
Millar, C. E., Turn, L., and Futh, H. D., Fundamental of Soil Science, 1
4th Edition, J. Wiley and Scns, New York, 1965. _

Nilsiforoff, C. C., Resppraisal of the Soil in Science, Vol. 129, No. 3343, *
pp. 186-189, January, 1959.

Research and Development on Natural Resources, a report prepared by the
Committee on Naturai Resources and the Federal Council for Science and
Technology, May, 1963.

Robinson, G. W., Soils: Their Or:igin, Constitution, and Classification,
3rd Edition, J. Wiley and Sons, New York, 1959.

Soil, The 1957 Yearbook of Agriculiure, U. S. Department of Agriculture,
Washington, D. C.

"Early American Soil Conservationists', Miscellaneous publication #449,
U. S. %A., Soil Conservation Service, 1959.

Stallings, J. H., Soil: Use and Improvement, Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, 1957,

Strahler, A. N., The Earth Sciences, Harper and Row, pp. 611-629, 1963.
Thornburg, W. D., Principles of Geomorphology, J. Wiley and Sons, New
York, 1964.
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BACKGROUND INFORMATION

Water is a covalent compound in which two hydrogen atoms and one oxygen atom
share their electrons mutually. The shared electrons appear to spend more time near the
oxygen nucleus than they do near the hydrogen nuclei. Thus, the oxygen part of the water
molecule has a partial negative charge, and the hydrogen ends have a partial positive charge.
The positive ends of water molecules attach themselves to the negative end of other water
molecules forming a hydrogen bond. Hydrogen bonds are very difficult to break. This ex-
plains many of the properties of water.

It is a very stable compound that occurs in the three states of matter (solid, liquid,
and gas). Most substances contract when cooled, but water possesses the unusual behavior
of expanding when freezing. Ice has a lower density than does liquid water. Water has its
greatest density at 4°C. This is an important factor to orgmnisms that live in the water, If
water did not expand as it freezes, ponds would freeze from the bottom up; and this would
prove disastrous to water organisms.

As discussed in the energy unit, any type of change is accompanied by energy trans-
fer. For ice at 0°C. to change to water, without an increase in temperature, requires
eighty calories per gram. This is called the heat of fusion. Heat of vaporization refers to
the amount of heat required to change one gram of water at 100°C. to steam at 100°C. This
requires 540 calories per gram of water.

Water is important to life both as a building material and as a dissolving substance.
A material that is capable of dissolving another material is called a solvent while the mate-
rial being dissolved is a solute. Although water cannot dissolve everything due to its polar
structure, it is capable of dissolving a large variety of materials and is referred to as the
"universal" solvent. Protoplasm, the "living material", is approximately 75% water, and
blood is approximately 60% water. Inside the organism, water is used as a lubricant, a
transporter of food and wastes to various organs, and as a medium in which many of the
chemical reactions take place.

Water serves as a cooling agent. As a higher vertebrate perspires or a plant tran-
spires, it is cooled because the liquid water must absorb heat to change to a gas. This heat
of vaporization is taken from the plant or animal and, therefore, acts as a cooling device fo