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Chapter 1
Introduction to Earth Science




2 Earth Science

&

The spectacular eruption of a volcano, the magnificent scenery of a rocky coast, and the
destruction created by a hurricane are all subjects for the Earth Science scientist. The study of
Earth Science deals with many fascinating and practical questions about our environment. What
forces produce mountains? Why is our daily weather so variable? Is climate really changing? How
old is the Earth, and how is it related to the other planets in the solar system? What cause ocean
tides? What was the Ice Age like? Can a successful well be located at this site?

The subject of this text is Earth Science. To understand |the Earth is not an easy task, because
our planet is not a static and unchanging mass. Rather, it is a dynamic body with many interacting

parts and a long and complex history.

1 What s Earth Science

Earth science also known as geoscience, the geosciences or the Earth Sciences, is an ,
all-embracing term for the sciences related to the planet Earth. It is arguably a special case in/ i
planetary science, the Earth being the only known life-bearing planet. There are both reductionisrh
and holistic approaches to Earth sciexhlce. There _are foulx'rf% IE?jDOJT sd' gx;;}%qu_&arth sciencfes,
namely geography, geology, geophysics and 6eodes : s€ major 31sc1p es use physics,
chemistry, biology, chronology and mathematics to build a quantitative understanding of the
principal areas or spheres of the Earth system.

To understand Earth science is challenging because our planet is a dynamic body with many
interacting parts and complex history. Throughout its long existence, Earth has been changing. In
fact, it is changing as you read this book and will continue to do so into the foreseeable future.
Sometimes the changes are rapid and violent, as when severe storms, landslides, or volcanic
eruption occur. Just as often, change takes place so gradually that it goes unnoticed during a
lifetime. Scales of size and space also vary greatly among the phenomena studied in Earth science.

Earth science is often perceived as science that is performed in the out of doors, and rightly so.

A great deal of what Earth scientists stud‘y is based on observations and experiments conducted in
the field. But Earth science is also conducted in the laboratory, where, for example, the study of

various Earth materials provides insights in1051’11u'§)n‘?llée1.3iac “irr?c/?ggg, 'ﬁ{%h'e *gsﬁion of complex
computer models allows for the @ of our planet's complicated climate system. Frequently,

Earth scientists require an understanding and application of knowledge and principles from

physics, chemistry, and biology. Geology, oceanography, and astronomy are sciences
that seek to expand our knowledge of the natural world and our place ;hxl m) ho 1o b A;} [n 'U'gl '3

/
2 Whyls Earth Science so Important o % L B oY

Earth science affects all our lives. Our landscape has been shaped by natural processes such as
tectonics, weathering, and biological activity over billions of years. We use natural materials
everyday, everything from building stone and oil to metals such as iron, copper, gold, and even
diamonds have all been extracted from the ground. Natural hazards such as volcanoes, earthquakes,

floods and droughts can dramatically affect lives.
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As hinted at above, there is a huge range of Earth science topics including, mountain building,
the structure of the deep Earth, the creation of oceans, the erosion of continents, the location of
natural resources, volcanoes, the hydrological cycle, past climates and the evolution of life.

Understanding how our planet works is essential if we are to properly manage our environment,
and if we are to predict how the environment will change in the future. Earth scientists can
monitor changes in our environment, model our impact on the environment and suggest solutions
to our environmental problems. Environmental issues being studied by Earth scientists include the
effects of water extraction from our rivers, the distribution of pollutants in the landscape and the
environmental impact of industrial activity, such as mining and landfill.

Natural hazards such as earthquakes, volcanoes and floods are responsible for many deaths, and
for the loss of many more homes and livelihoods. Increased knowledge of natural hazards will
improve predictions of the occurrence and scale of these potentially life threatening events, giving
people a chance to prepare.

Studying the Earth's past can also help us understand what will happen in the future. Within
rocks and landscapes is preserved evidence from periods when the Earth was much warmer than
today and when it was much colder than today. These warm periods shows us the effect of
environmental changes such as sea level rise, desertification, and the loss of rainforests. Fossils
demonstrate the evolution of plants and animals can also and record the response of ecosystems to
changes in the environment.

2.1 Environmental Problems

Environment refers to everything that surrounds and influences an organism. Some of these
things are biological and social, but in this book the factors are called physical environment. The
physical environment compasses water, air, soil, and rock, as well as conditions such as
temperature, humidity, and sunlight. Interaction between people and the natural environment is an
important theme.

It is the common understanding of nal en,v1ro ?i %guar%derhes environmentalism—a
broad political, social, and philosophical hical n ement at ad ocates various actions and policies in
the interest of protecting what nature remains in the natural environment, or restoring or
expanding the role of nature in this environment. While true wilderness is increasingly rare, wild
nature (e.g., unmanaged forests, Wncultivate grasslands wildlife, wildflowers) can be found in
many locations previously inhabited by humans: Mg( é']

Goals commonly expressed by environmental scientists include:

v Reduction and clean up of pollution, with future goals of zero pollution.

v Cleanly converting nonrecyclable materials into energy through direct combustion or after
conversion into secondary fuels.

# Reducing societal consumption of non-renewable fuels. 7> }%ﬁf{ 'I:‘J‘

# Development of alternative, green, low-carbon or renewable energy sources.
v Conservation and sustainable use of scarce resources such as water, land, and air.
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| 'pristain) o K&hY, /52844 FAgE)
# Protection of representative or unique or@ ecosystems.  JiA} éj z@g{g ]
+ Preservation of threatened and endangered species extinction.

# The establishment of nature and biosphere reserves under various types of protection; and,
most generally, the protection of biodiversity and ecosystems upon which all human and other life
on Earth depends.

mine potential dangers of global warming are being increasingly studied by a wide global
' J:‘t .@, of scientists, who are increasingly concerned about the potential long-term effects of

ne
S%. global warming on our natural environment and on the planet Of artlcula; d;:on\c is how
% 2 emk
" A climate change and global warming caused by 4 thropo enig, ’orn f lease of‘ 74
V-
%’3 greenhouse gases, most notably carbon dioxide, can act 1nteract1vef( ve a verse ects ab

upon the planet, it's natural environment and humans' existence. Efforts have been increasingly A ?;
focused on the mitigation of greenhouse gases that are causing climatic changes, on developing
adaptative strategies to global warming, to assist humans, animal and plant species, ecosystems,

regions and nations in adjusting to the effects of global warming.

2.2 Resources

Resources are an important focus of the Earth science that is of great value to people. They
include water, soil, a great variety of metallic and nonmetallic minerals, and energy. The Earth
sciences deal not only with the formation and occurrence of these vital resources but also with
maintaining supplies and environmental impact of their extraction and use.

Resources help to produce goods so they have economic value. Natural resources like forests,
mountains etc. are very beautiful so they have aesthetic value. Gifts of nature such as water also

havl a legal value because it is our right to enjoy them. On the other hand, resources have an

value as well because it is qur_moral duty to protect and conserve them for the future
Po s’ AT RS '

On the basis of renewability, natural resources can be categorized into: renewable Resources

|"e6ikal

generations.

and W Renewable resources are the ones which can be eplemshe or ‘em
reproduced easily. Some of them, like sunlight, air, wind, etc., are continuously available and thelr,[ Y
quantity is not affected by human consumption. Many renewable resources can be @eplete by jlﬁq
human use, but may also be replenished, thus maintaining a flow. Some of these, like agric l

crops, take a short time for renewal; others, like water, take a comparatively longer time, w

still others, like forests, take even longer. Non-renewable resources are formed over very long
geological periods. Minerals and fossils are included in this category. Since their rate of formation

is extremely slow, they cannot be replenished once they get depleted. Out of these, the metallic

minerals can be re-used by recycling them. But coal and petroleum cannot be recycled.

) f
3 Earth's Spheres AL +
Earth science generally recognizes 4 spheres, the@, the the atmosphere,
and the biosphere; these correspond to rocks, water, air, and life. Some practitioners include, as
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e*(corresponding to ice) as a distinct portion of the

part of the spheres of the Earth, the ¢
(corresponding to soil) as an active and intermixed sphere.

dosph o
3.1 Hydrosphere :U%@

The abundance of water on Earth's surface is a unique feature that distinguishes the "Blue

hydrosphere, as well as the

Planet" from others in the solar system. The Earth's hydrosphere consists chiefly of the oceans, but
technically includes all water surfaces in the world, including inland seas, lakes, rivers, and

underground waters down pth of 2,000 m. The deepest underwater location is Challenger
Deep of th i with a depth of —10,911.4 m. The average depth

d CNnCh 0 ; -
. ) 'a:ne | Z R (P . .
of the oceans is 3,8 Mﬁe {no%e%eln es the average height of the continents.

The mass of the oceans is approximately 1.35x10'® metric tons, or about 1/4,400 of the total
mass of the Earth, and occupies a volume of 1.386x10° km?. If all of the land on Earth were spread
evenly, water would rise to an altitude of more than 2.7 km. About 97.5% of the water is saline,
while the remaining 2.5% is fresh water. The majority of the fresh water, about 68.7%, is currently
in the form of ice. }

59
About 3.5% of the total mass of the oceans cogsjs%s’a%f. sjﬁx ~Most of this salt was released from
s |

volcanic activity or extracted from cool,\igneous rocks. e oceans are also a reserv\oili of , ..
. . . : . _ ﬁ‘wlk a- R
dissolved atmospheric gases, which are essential for the survival of many @quati ife forms. Sea 7Kg

water has an important influence on the world's climate, with the oceans acting as a large heat

reservoir. Shifts in the oceanic temperature distribution can cause significant weather shifts, such
as the El Nifio-Southern Oscillation. ,,99” G’Ja"\ n-3K 3 ,J)f\% ,£F Ay

3.2 Atmosphere

The Earth's atmosphere is a layer of gases surrounding the planet Earth that is retained by the
Earth's gravity. Dry air contains roughly (by molar content) 78.08% nitrogen, 20.95% oxygen,
0.93% argon, 0.038% carbon dioxide, and trace amounts of other gases; but air also contains a
variable amount of water vapor, on average around 1%. This mixture of gases is commonly known
as air. The atmosphere protects life on Earth by absorbing ultraviolet solar radiation and reducing
temperature extremes between day and night.

There is no definite boundary between the atmosphere and outer space. It slowly becomes

thinner and fades into space. Three quarters of the atmosphere's mass is within 11 km of the
planetary surface. An altitude of 120 ,lgg}\ marks the boundary where atmospheric effects become
noticeable during re-entry. Thel Kérmén) line, at 100 km, is also frequently regarded as the
boundary between atmosphere and outer space.

3.3 Biosphere

The biosphere is the broadest ley qﬁ{j%gggical study, the global sum of all ecosystems. From
the broadest biophysiological point’ 0f view, the biosphere is the global ecological system
integrating all living beings and their relationships, including their interaction with the elements of
the lithosphere, hydrosphere, and atmosphere. The Earth's biosphere has existed at least 3.8 billion

years, survived five major species extinction events, and one atmospheric transformation, contains
—

/
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about a trillion tons of life distributed perhaps amongst 30,000,000 or more species and hose
dynamics are based on mutation and natural selection evolving adaptive behaviors and a of
@\biomolecules whose chemistry is able to increase its free energy with the evolution of complex
[QKW‘ Reosystems such as rainforests and coral reefs. The Earth's biosphere has created and maintains its

5 . . oo . -~
\47&‘0' ropable atmospheric composition, and produces an ever-growing " ecrospher\/e;' or
\ Yé)‘ix‘éeological of biogenic material such as soil/s, limestone, beaches, coal, oil formations and
meifr ks

%) Y other deposits. Among its major attributes, it is thl: matrix of\humanity and its entire works, which
include projects to take offspring biospheres thropghout\S{ace. J&&%
‘aS'O"?“a sfio |n 35, R

1 7 1\[/]7;}%
3.4 Lithosphere 2k A | maent | | &
The lithosphere is the solid outermost shell of a rocky planet. The lithosphere includes the crust
pantle which is joined to the crust across the The lithosphere is

the weaker, hotter, and deeper part of the upper mantle. The

and the uppermost
underlain by the
boundary between the lithosphere and the underlying asthenosphere is defined by a difference in
response to stress: the lithosphere remains rigid for long periods of geologic time, where as the
asthenosphere flows much more readily. As the conductively cooling surface layer of the Earth's
convection system, the lithosphere thickens over time. It is fragmented into tectonic plates, which
move independently relative to one another. This movement of lithospheric plates is described as
plate tectonics. This is when plates move horizontally across the Earth's surface and the continents
change their relative positions.

The concept of the lithosphere as Earth's strong outer layer was developed by Barrell, who
wrote a series of papers introducing the concept. The concept was based on the presence of
significant gravity ai ymalies over continental crust, from which he inferred that there must exist a
strong upper layer (which he called the lithosphere) above a weaker layer which could flow
(which he called the asthenosphere). These ideas were enlarged by Daly (1940), and have been
s e, deveope ong bfore i i mry wee LSBT e TR e

S ————
concepts that strong lithosphere exists and that this rests on weak asthenosphere are essential to

that theory. T ioa/syé

The division of Earth's outer layers into lithosphere and asthenosphere should not be confused
with the chemical subdivision of the outer Earth into mantle, and crust. All crust is in the
lithosphere, but lithosphere generally contains more mantle than crust.

There are two types of lithosphere: oceanic lithosphere, which is associated with oceanic crust;
continental lithosphere, which is associated with continental crust.

Plate tectonics, mountain ranges, volcanoes, and earthquakes are geological phenomena that can
be explained in terms of energy transformations in the Earth's cnls,%tf md|n: %j

Beneath the Earth's crust lies the mantle which is heate the ‘radioactive decay of heavy | -
elements. The mantle is not quite solid and consists of magima which is in a state of semi-perpetual |P’Pejf ’&

convection. This convection process causes the lithospheric plates to move, albeit slowly. The 7]:‘1,: b

\|k‘>-\'\/ekj<>"’ R na
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resulting process is known as plate tectonics.

Plate tectonics might be thought of as the process by which the Earth resurfaces itself. Through
a process called spreading ridges (or seafloor spreading), the Earth creates new crust by allowing
magma underneath the lithosphere to come to the surface where it cools and solidifies—becoming
new crust, and through a process called subduction, excess crust is pushed underground—beneath
the rest of the lithosphere—where it comes into contact with magma and melts—rejoining the
mantle from which it originally came. & (o Vo :C/ 3ant)

Areas of the crust where new crust is created are called divergent boundaries, and areas of the
crust where it is brought back into the Earth are called convergent bounﬁ'cs. Earthquakes result
from the movement of the lithospheric plates, and they often occur ne C?E\%;:g boundaries
where parts of the crus.t are. forced into the Earth as part of S@_dngn%_n ‘ t@%/ e I7) ;ﬁ\/ N |

Volcanoes result primarily from the melting of subducted crust material. Crust material that is
forced into the Asthenosphere melts, and some portion of the melted material becomes light
enough to rise to the surface—giving birth to volcanoes.

4 Earth as a System

Anyone who studies Earth soon learns thdt our planet is a dynamic body with many separate but
interacting parts or spheres. The hydrosphere atmosphere, biosphere, and geosphere and all of
their components can be studied separately. However, the parts are not isolated. Each is related in
some way to the others to produce a complex and continuously interacting whole that we call the
Earth system.

A simple example of the interactions among different parts of the Earth system occurs every
winter as moisture evaporates from the Pacific Ocean and subsequently falls as rain the hills of
southern California, triggering destructive landsides. The processes that moving water from the
hydrosphere to the atmosphere and then to the solid Earth have a profound impact on the plants
and animals that inhabit the affected regions.

Scientists have recognized that in order to move fully understand our planet, they must learn
how its individual components (land, water, air, and life forms) are interconnected. This endeavor,
called Earth system science, aims to study Earth as a system composed of numerous interacting
parts, or subsystems. Rather than looking through the limited lens of only one of the traditional
sciences—geology, atmospheric science, chemistry, biology, etc.—Earth system science attempts
to integrate the knowledge of several academic fields. Using this interdisciplinary approach, we
hope to achieve the level of understanding necessary to comprehend and solve many of our global
environmental problems.

The phrase "Earth system science" the key term is "system". A system is a collection of
interdependent parts enclosed within a defined boundary. Within the boundary of the Earth is a
collection of four interdependent parts called "spheres". Earth's spheres include: the lithosphere,
the hydrosphere, the biosphere, and the atmosphere.

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



