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Introduction to
| Earth Sciences

3 3R B} R A

1.1 EARTH SCIENCES AND SOME RELATED CONCEPTS
WA F AAR KA

Earth sciences (#i3kF}2%) are the sciences related to the Earth, including many branches,
such as;

+ Geology (H:Jfi“#) and its branches—mainly study the solid Earth ( lithosphere ) .

- Geography (H#iFf~%) —mainly studies the surface of the Earth.

- Biology (%)) —mainly studies the biosphere of the Earth.

* Meteorology (“{%2%)—mainly studies the atmosphere of the Earth.

* Environmental sciences ( £ 3%#}2% ) —mainly study the natural conditions for all the living
things.

* Astronomy (K3(%%)—mainly studies the universe, Solar System, planets and so on.

Marine geology (#7¥:31fi%#) is a branch of geology, mainly researching oceans and their

processes.

1.1.1 What is Geology 4+ 4 2 k%

Geology is the study of the planet Earth. It is concerned with the origin of the planet, the ma-
terial and morphology of the Earth, and its history and the processes acted/acting on it ( HiER [

B R IS s RAEA) .
The word “geology” was first used by a Swiss scholar—H. B. De Saussure (1740—1799) in

1779. The prefix “geo-" means “Earth or land ( FHb)”, while the suffix “ -logy” means “sub-
ject—a course or area of study (2%})”.

1.1.2  The Objective (Aim, Purpose, Goal) of Geology ./ % 8454 B &

The knowledge obtained through the study of the planet is aimed at the service of mankind. It
o]



Hongbo Lu An Outline of Earth Sciences

has only two basic purposes: to get material from the Earth and to prevent damages (KE 5F5%).

a. To discover useful materials within the Earth ( maybe outside the Earth in the future) such
as metals (e.g. Fe, Al, Cu, Pb, Zn, Au, Ag, etc. ) and nonmetals (rocks), energy resources
(coal, oil and gas, nuclear fuels, water power etc. ) and other materials.

b. To provide a foreknowledge of dangers associated with the mobile forces of a dynamic
Earth (to avoid dangers related to the Earth) , such as earthquake, volcanic eruption, flood, slide
mudflow, and subsidence of land surface etc. (i . KILMER HK UL JBARAMEIIRES).

¢. To protect environments and improve our living conditions (such as to prevent and diminish

the pollution of air and water).

1.1.3 The Method of Geology (Methodology) 33./f & #F R 7 ik

The Earth was formed about 4. 6 billion (4,600 million) years ago. It has been changed great-
ly (from the beginning) and is still changing. According to the result from the change, geologists
want to know the events happened in the Earth’ s history. This is very difficult. Like detectives and
historians, geologists use the result to analyze its origin, or collect the relics or even traces to reveal
the past events. Thus, geology is a special science, because:

a. The world in which we live is the best laboratory. Either the scale of space and time
needed for the experiments are too large, or the experiments would cause the environment to change
in some unfortunate way. We must treat nature as the best laboratory and museum (K B R 2 H1JE
FRIFHEEEFIEYE).

b. Geologic theories strongly depend on the basic ‘scientific disciplines of physics, chemistry,
biology and others, depending on technology advances/progresses ( #b[f2-XT )% 42 A Y)2%
G HAbERZER A HR UMK ) . Geology has a short history of only 220 years from the time
when Saussure invented the word “geology” in 1779. It was born under the demand of industry and
military usage for raw materials in the 18th century. This short history has revealed a fact—there
would have not been modern geology if there had not been progresses in physics, chemistry or biolo-
gy. Ocean exploration, as a good example, shows the dependence of geology on basic scientific dis-
ciplines and technology.

c. The principle of actualism (B{3C 3 RN, 4548 ). “The present is the key to
the past ( BLAER AT ZBY4HRL) . " The doctrine is that; geologic processes and natural laws now
operating to modify the Earth’ s crust have acted in the same regular manner and with essentially the
same intensity throughout geologic time, and that past geologic events can be explained by phenome-
na and forces observable today. The doctrine does not imply that any change has a uniform rate, and
does not include minor local catastrophes. The doctrine is called Uniformitarianism ( #7%536) ,
originated by C. Lyell (3&ff#/K, 1797—1875) in his book—The Principles of Geology in 1830.

1.1.4 Geologic Process and Its Energy 3&/f4E A & H 463

Geologic process is any natural process that causes the change in composition, morphology and
2.
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other aspects of the Earth.
Geologic process can be divided into:
a. Endogenic geologic processes (internal processes, N fJHUF/ER) :
* Mainly happen inside the solid Earth.
+ Major energy that drives the processes comes from the Earth’s internal heat.
+ For example, volcanism and metamorphism are endogenic processes.
b. Exogenic geologic processes ( external processes, #p Jj#bFE/ER) .
+ Happen outside the solid Earth, mainly at the Earth’s surface.
+ The main energy comes from the Sun’s heat.
+ Weathering, erosion, transportation and deposition are all exogenic processes.
There are some auxiliary energies ($fBh#E) : gravity, rotation force, gravitation from the Sun

and the Moon, etc. (E /1 .A%¥ 5. H A5 H%).

1.2 THE HARDSHIP AND THE PLEASURES OF GEOLOGISTS
IR TAEE 6 E S R

My students, the prospective geologists, often ask me what hardship I have endured and what
pleasure I have experienced. Different geologists have different answers, but as for me, I would
rather say: the hardship is that I have to leave home to work in the field and the pleasure is that I
can work in the field. Is this self-contradictory? No. A real geologist is always related to the field-
work. No fieldwork, no geologist. Only working in the field can a geologist discover the secrets of
nature !

As geologists, we have to bear the extreme hardship and, at the same time, we can enjoy the
special pleasure from nature. Here I would love to show you two poems related to geologists.

There is a very sad poem published in 1984 in the newspaper to describe a geologist’ s life

If you have a daughter,
Don’ t marry her to a geologist.
She will be lonely at home all the year round.
When the husband comes back occasionally from the field
All belonging to her are the tattered clothes and dirty socks in the bed.
(translated by Hongbo Lu)

The following is the original Chinese version published in the newspaper—Geology of China in
1984 ;

LEE R Y
—FwWEFEE,
AH—HE R,
R KEAR I % R

(1984 4F & 3T b =3 St ) )

« 3.
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However, when you visit a place in a remote area where only a few people on Earth can reach,
and luckily you are among the extraordinarily beautiful sceneries in nature. What would you think
about? You will forget all the hardship you have endured in your life and be proud of yourself as a
geologist. .

Here I am glad to show you a poem I wrote in Tibetan Plateau in 1997 ;
Talk to Suobucha Hot Spring

In the remote paradise on the Tibetan Plateau,

A clean stream is running quietly down the deep valley around the snow peaks.

Who is singing under the sunshine?

The yellow ducks flying over the white clouds!

Who is cooking at the bottom and making the vapor rising over the banks?

The grass with light-green blades enjoying the warmth of the immortal fountains +--

Who is lucky to come and see the beautiful scenery?

Only Altair (Alpha—Shepherd Star) might graze here during early autumns.
Who can use the resort?

Only the Girl Weaver could wash her blouse stained with her endless tears at mid-night moments.
Who built the fountains on the highest cold land of the Earth?

The Gods! The Gods! The Gods!

For whom did they make the abode?

The Goddess from the Moon taking shower at the cloudy nights!

I would dare to ask: “Are you lonely?”

“Yes. You must be!”

“Are you tired of waiting for the goddess during the dark nights?”

“Yes. You must be!”

“Then why don’ t you go with me to the southeast of the country,

where you will not be lonely again and

you can enjoy the cheering from serving the people -++”

Do you think the hot spring would go with the author to the southeast of China?
“No!” The Hot Spring might say, “If I went with you, I would die immediately after I reached
the land of the populated areal”
(by Hongbo Lu in 1997)

Here is the Chinese version of the poem and a photo of the spring ( Figure 1. 1) ,as well as the

author’ s experience described in Chinese.
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KEY POINTS OR QUESTIONS

What are the Earth sciences?
What is geology?
State the two key objectives of geology.

Pwon

Try to explain why we should treat the nature as our best laboratory.

5. Hlustrate with an example that geology strongly depends on other basic scientific disciplines
and progresses in technology.

6. State the principle of actualism and try to understand “the present is the key to the past”.

7. What is geological process?

8. State the differences between endogenic geological process and exogenic geological process,
considering their origin and energy.

9. What do you think about the hardship and the pleasure a geologist will face?
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Universe and
Planetary Geology

FHETREMRY

2.1 THE HISTORY OF UNIVERSE EXPLORATION F FR % #
i 4

‘

Our interests in visible stars date back to prehistory. The Greeks called the “moving star”
planet( /7/&) and “non-moving star” fixed star ({8 2). Romans named the planets after their
gods: Saturn, Jupiter, Mars, Venus and Mercury. At that time, people could only see the planets
through naked eyes. Chinese ancient religion also related gods with stars and planets.

The first person to view the sky through a telescope was Galileo (fmF|E&) in Italy in 1609. He
was born at Pisa on February 15, 1564 and died at Arcetri on January 8, 1642. He was a mathema-
tician , astronomer and physicist, made several significant contributions to modern scientific thought.

When we talk about the history of exploring space, we think about spaceship, satellite and
rocket etc.

The evolution of the rocket has made it an indispensable tool in the exploration of space. For
centuries, rockets have provided ceremonial and warfare uses starting with the ancient Chinese, the
first to create rockets. The rocket apparently made its debut ( ¥ ,%3%) on the pages of history as
a fire arrow used by the Chinese Tartars in 1232 AD (Anno Domini) for fighting off a Mongol assault
on Kaifengfu. The lineage (J51R) to the immensely larger rockets now used as space launch vehi-
cles is unmistakable. But for centuries rockets were in the main rather small, and their use was con-
fined principally to weaponry, the projection of lifelines in sea rescue, signaling, and fireworks dis-
plays. Not until the 20th century did a clear understanding of the principles of rockets emerge, and
only then did the technology of large rockets begin to evolve. Thus, as far as spaceflight and space
science are concerned, the story of rockets up to the beginning of the 20th century was largely pro-
logue (J¥5). (http://inventors. about. com/library/ inventors/ blrocket. htm)

When the first artificial ( man-made) satellite was placed in orbit around the Earth in 1957, a

new science—Planetology (47 & 2¢)—was born. From that moment on, man has studied planets

.



