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 What are the Earth sciences and geology?.

e State the two key objectives of geology.

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

 What is geological process? State the differences
between endogenic geological process and exogenic
geological process, considering their origin and energy.
e Reciting the geological time scale.

 What are planets of the solar system? Which are the
terrestrial planets and Jovian planets?



Chapter 1  Preface—Introduction to Earth Sciences

What Is Earth Science?

1.1 Earth Sciences and Some Related Concepts
Earth Sciences (Hi¥kF}%%) are the sciences related to the Earth, 1nc]ud|;1g many
branches. such as

Geology (HEJGT%=) and its branches—mainly study the solid Earth—lithosphere

Geography (HLE!ZZ) —mainly studies the surface of the Earth

Biology (%)%7) —mainly studies the biosphere of the Earth

Meteorology ((%.%7) —mainly studies the atmosphere of the Earth

Environmental sciences (Ff35El52) —natural conditions for all the living things

Astronomy (%) —Universe—Solar System—planets and so on.

Marine geology CHFiFHII%) is a branch of geology, mainly researching oceans
and their processes.

Petroleum geology (AiHMLF2%) |, Structural geology (FiEdiJFi2E) .. ...

In fact, Earth Sciences study everything about Earth. It
encompasses everything from outer space to the Earth’s fiery

core, from the most ancient fossils to the landslides and
earthquakes of today.
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WWhat Is Earth Science?
The study of the Earth and the universe
around it...

The study of Earth systems [ % -/ RSB
and systems in space; L 2¢O R
including weather and
climate systems, and the
study of nonliving things
such as rocks, oceans,
and planets.
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What is Geology?

1.1.1 What is Geology "%

What is Geology? - The study of

Geology is the study of the planet Earth = reee s

processes and life over time.

It is concerned with the origin of the planet, the
material and morphology of the Earth and its history
and the processes acted/acting on it.

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”, while the
suffix “-logy” means “subject- a course or area of
study”. For example, sedimentology, geochemistry.



1.1.2 The Objective of Geology

* The knowledge obtained through the study of the planet is
aimed at the service of mankind. It has only two basic

purposes: to get material from the Earth and to prevent
damages.

e A. To discover useful materials within the Earth (maybe
outside the Earth in the future) such as, metals ( e.g., Fe, Al,
Cu, Pb etc.) and nonmetals (rocks), energy resources (coal, oil
and gas, gas hydrates, nuclear fuels, solar energies etc.) and
other materials.

What is LNG? Uses of Gold Uses of Marble

I J/FONDEUR 2 UL
What is LNG? The use of LNG The Many Uses of Gold - The Uses of Marble are
as an energy source is growing Unique properties make gold numerous and diverse. You will

rapidly. Learn more about LNG. one of the most useful metals. be surprised by how itis used.



1.1.2 The Objective of Geology

The knowledge obtained through the study of the planet is
aimed at the service of mankind. It has only two basic

purposes: to get material form the Earth and to prevent
damages.

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
and mudflow, subsidence of land surface etc.
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1.1.2 The Objective of Geology

* The knowledge obtained through the study of the planet is
aimed at the service of mankind. It has only two basic

purposes: to get material form the Earth and to prevent
damages.

* C. To protect environments and improve our living conditions

(such as to prevent and diminish the pollution of air and
water).

. How to solve this problem?

Example: water pollution!
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Guangdong (2008.02.15)

iy

I XINHUANET #5025 JiNHUANET

AN
i




The Earth—our only home—smaller, weaker, and more
vulnerable!

Mankind—stronger! =? (selfish, greedy, stupid...)
Clever enough to be in harmony with the nature?
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The scientific study of the Earth has never been so
important a concern for all the people as it has become
today. The four essential determinants of human well-
being —energy, food ,health and water are all topics
directly or indirectly discussed in the course of Earth
sciences. The Earth provides us with all the essential
elements for human endeavor, but the activity of
human being has exerted such a huge impact on the
Earth that we are now talking about “future of human
being”.

And therefore, a knowledge and understanding of our
planet is critical to our social well-being and indeed,
vital to our survival.



[.1.3 The method of geology (methodology) CHh it~ W57
JiE)

The Earth was formed about 4.6 billion (4,600 million) years ago. It has
been changed greatly (from the beginning) and 1s still changing. According
to the result from the change, geologists want to know the events happened
in the Earth’s history. This 1s very difficult. Like detectives and historians,
geologists use the result to analyze its origin, or collect the relic 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. (/O[] 74/
b Jo o e O IO SESG = ATHAIE . BATTATATE 1Y 5 28 BLAL O i/ 130
o, K "

b i 5 o B AT — AR SR, Lk, HHBE S .
Geologists = fieldwork + laboratory + reasoning )

b. Geologic theories strongly depend on the basic scientific
disciplines of physics and chemistry, biology and others, depending on
technology advances (progress).



c. The principle of actualism.

The doctrine 1s that: geologic processes and natural laws now operating (o
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 phenomena 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 1s called
Uniformitarianism (33J48i) | originated by C. Lyell (1797—1875) in
his book <The principles of Geology> in 1830.

Geology 1s a young science (only 200 years). It was born under the demand
of industry and military usage for raw materials in the 18th century. So we
have a lot to do in the future.






A 1magined primitive body of
“Chirotherium”
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the area from the surface of Earth down to its center.
Three main parts: i
Q Crust
a Mantle
a Core
> Inner core

( . > Quter core

e —




Earth consists on
layers;

Average depth of Earth
layers:

Crust 30-40 km
Upper mantle Up to [
660 km y

Lower mantle 660-
2900 km

Outer core 2900-
5150 km

Inner core 5150-
6370 km
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The blanket of
gases that
surrounds our
planet.
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All the water on the Earth. About 71 percent of the
Earth's surface is water-covered, and the oceans

hold about 96.5 percent
of all Earth's water.
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All organisms on Earth and the environments in which
they live.
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BIOSPHERE
All life is
concentrated at
or within a few
kilometers of
the surface

HYDROSPHERE
Deep ocean floor
5 km deep.
Fresh water and
ice exist on

land

ATMOSPHERE
99% of
atmosphere lies
within 30 km

of the surface




Introduction to Earth Science

= What 1s/Geology?
Geology is the study of the Earth, including the
materials that it is made of, the physical and chemical

changes that occur on its surface and in its interior,
and the history of the planet and its life forms.

Most of the Earth is composed of rocks. Rock outcrops
form some of our planet’s most special scenery.
Rocks, in turn, are composed of minerals. Although
more than 3500 different minerals exist, fewer are
very common. Geologists study the origins,
properties, and compositions of both rocks and
minerals.




Introduction to Earth §glence

What a Geologist do?

Geologists explore the Earth for the
resources needed in our technological
world: fossil fuels such as coal,
petroleum, and natural gas; mineral PSR-
resources such as metals; sand and g
gravel and fertilizers. Some search for 2R
water in reservoirs beneath Earth's ik~
surface. ‘




Introduction to Earth Science

Branches O Geology:

Geology is the science which is devoted to the study
of earth. It deals with all of the earth's surface and
with the origin, composition, structure and inhabitants
of the earth.

1. Economic geology: Economic geology is concerned with
earth materials that can be used for economic and/or industrial
purposes. These materials include precious and base metals,
nonmetallic minerals, construction-grade stone, petroleum
minerals, coal, and water.



Introduction to Earth Science
Branches Of Geology:

2. Crystallography: is the experimental science of
determining the arrangement of atoms in the
crystalline solids.

3. Mineralogy: The study of minerals, its
composition and properties.

4. Physical geology (Geophysics): concerned with
the physical processes and physical properties of the
Earth and its surrounding space environment, and the
use of quantitative methods for their analysis.



Introduction to Earth Science

Branches Of; Geology:

5. Petrology: studies the origin, composition, distribution and
structure of rocks.

6. Structural geology (Tectonics): the study of the three-
dimensional distribution of rock units with respect to their
deformational histories.

/. Stratigraphy: studies rock layers (strata) and layering
(stratification). It is primarily used in the study of sedimentary
and layered volcanic rocks.

8. Paleontology: is simply the study of ancient life; the study
of fossils to determine organisms' evolution and interactions
with each other and their environments (their paleoecology).



Introduction to Earth Science

Branches Of Geology:

9. Mining geology: an applied science which combines the
principles of economic geology and mining engineering to the
development of a defined mineral resource.

10. Geology engineering (Geotechnics): is the
application of scientific methods and engineering principles to
the acquisition, interpretation, and use of knowledge of
materials of the Earth's crust and earth materials for the
solution of engineering problems and the design of engineering
works.

11. Geochemistry: is the science that uses the tools and
principles of chemistry to explain the mechanisms behind major
geological systems such as the Earth's crust and its oceans,
even the entire solar system.
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Branches Of Geology:

12. Hydrology: study of the movement, distribution, and
quality of water on Earth and other planets, including the
hydrologic cycle, water resources and environmental watershed
sustainability.

13. Sedimentology: is the study of modern sediments such
as sand, silt, and clay, and the processes that result in their
formation (erosion and weathering), transport, deposition and
diagenesis.

14. Volcanology: is the study of volcanoes, lava, magma,
and related geological, geophysical and geochemical
phenomena.
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5€010gIC processes

The term  "geological processes”
describes the natural forces that shape B
the physical makeup of a planet. Plate =
tectonics, erosion, chemical weathering
and sedimentation are all examples of
forces that significantly affect the Earth’s
surface and account for its major
features. These processes are closely
studied by geologists and earth
scientists to improve their understanding
of the planet’s history; to help locate
useful resources, such as metal ores;
and to aid the prediction of potentially
disastrous events, such as earthquakes,
tsunamis and volcanic eruptions.




1.1.4 Geologic process and its energy CHhii{EHR J H g
Geologic process is any natural process that causes the change in composition,
morphology and other aspects of the Earth.

Geologic process can be divided into
a. Endogenic geologic processes (internal processes) (N 1 Fi{EH)
Mainly happen inside the solid Earth.
Major Energy that drives the processes comes from the Earth’s internal heat.
For example, volcanic eruption, earthquake, metamorphism are all endogenic
processes.
b. Exogenic geologic processes (external processes) (#hHmiER) -
Happen outside the solid Earth, mainly at the Earth’s surface.
The main energy comes from the Sun’s heat.
The examples are: weathering, erosion, transportation, sedimentation etc.

There are some auxiliary energies (FifE) : gravity, rotation force, gravitation
from the Sun and the Moon etc. (E 17, H¥: 5. HAGI 715
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Earth's internall processes
Processes that originate deep in the Earth’s interior
are called internal processes. These are the driving
forces that raise mountains, cause earthquakes, and
produce volcanic eruptions.

Builders, engineers, and city planners might consult
geologists, asking, “"What is the probability that an
earthquake or a volcanic eruption will damage our
city? Is it safe to build different structures in the
area?”
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Earth's surface processes
Surface processes are all of those processes that
sculpt (shape) the Earth’s surface. Most surface

processes are driven by water, although wind, ice, and
gravity are also significant.
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UNTFORMITARIANISM AND CATASTROPHISM:
Uniformitarianism:

The principle states that geologic change occurs
over long periods of time, by a sequence of almost
imperceptible (unable to notice) events. James Hutton
guessed that geologic processes operating today also
operated in the past. Thus, scientists can explain
events that occurred in the past by observing changes
occurring today. Sometimes this idea is summarized in
the statement "The present is the key to the past.”
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UNIFORMITARIANISM AND CATASTROPHISM:
Catastrophism:

William Whewell, another early geologist, agreed that the
Earth is very old, but he argued that geologic change was
sometimes rapid. He wrote that the geologic past may have

“consisted of catastrophic action (sudden actions).” Whewell

was unable to give examples of such catastrophes. He argued

that they happen so infrequently that none had occurred within

human history.
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UNIFORMITARIANISM AND
CATASTROPRHISM:

Today, geologists know that both Hutton’s
uniformitarianism and Whewell’s
catastrophism are both correct.

In geological research, we always want to know
how these subsurface deposits of resources are
located and when they generated.
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—~ GEOLOGIC TIME SCALE:
Today, geologists estimate that the Earth is about 4.6 billion
years old.

Geologists have divided Earth history into units displayed in the
geologic time scale. The units are called eons, eras, periods,
and epochs and are identified primarily by the types of life that
existed at the various times. The two earliest eons, the Hadean
and Archean, cover the first 2.5 billion years of Earth history.
Life originated during Archean time. Living organisms then
evolved and proliferated during the Proterozoic Eon (protero is
from a Greek root meaning “earlier” or “before” and zoon is
from the Greek word meaning "“life”).



GEOLOGIC TIME SCALE

The geologic time scale was formulated during the early

1800s on the basis of information gained by relative age
dating of sedimentary rocks and fossils in Europe. The
largest divisions of geologic time are called eons. Eons are
subdivided into eras, eras into periods, periods into

epochs, and epochs into ages. The geologic time scale is

presented in the Table above.



Millions
Era of years
ago

Cenozoic

Paleozoic J

Epoch

Millions
of years

ago

Significant events in
development of life

Late

Precambrian

Holocene
Pleistocene

Pliocene
Cenozoic gene Miocene

0.01
2.6
Y |
| ]

4600
Origin of Earth

© 2011 Pearson Education, Inc.

Cretaceous

Humans develop

' Extinction of dinosaurs

Jurassic

Permian

Pennsylvanian

Mississippian

Paleozoic

Silurian

Precambrian/

Proterozoic Ediacaran

and many other species

First flowering plants
First birds

Dinosaurs dominant

Extinction of trilobites and
many other marine animals

First reptiles
Large coal swamps
Amphibians abundant

First insects

Fishes dominant

. First land plants

First fish

Trilobites dominant

First organisms with shells

Odd mesh-like creatures
of uncertain affinity




GEOLOGIC TIME SCALE

Evidence from indicates that the Earth is about 4,570
million years old . Geologists have divided Earth's history into a series of
time intervals. These time intervals are not equal in length like the
hours in a day. Instead the time intervals are variable in length. Different
spans of time on the time scale are usually delimited by major geological

or paleontological events, such as mass extinctions. FOor example, the
boundary between the and the is
defined by the extinction event that marked the demise of the dinosaurs
and of many marine species. Another example is the boundary

between the Precambrian and the Paleozoic which is marked by the first

appearance of animals with hard parts.



GEOLOGIC TIME SCALE

Eons are hundreds of millions of years in
duration. In the time scale you can see the
is the
most recent eon and began more than 540
million years ago. Eons are divided into smaller
time intervals known as eras. the Phanerozoic
is divided into three eras:
. (“middle life”) and

. Very significant events in Earth's
history are used to determine the boundaries
of the eras.



GEOLOGIC TIME SCALE

are subdivided into . The events that bound
the periods are wide-spread in their extent but are not as
significant as those which bound the eras. In the time scale
you can see that the Paleozoic is subdivided into the
) , and periods.
Each unit of the Phanerozoic interval (—~542 Ma to present)
and the base of the is defined by a
whereas the

Precambrian interval is formally subdivided by



The Ediacaran Period Is the last geological period
of the Neoproterozoic Era, just preceding the
Period of the . It Is named
after the Ediacara Hills of . Its status
as an official geological period was ratified in March
2004 by the International Union of Geological
Sciences (IlUGS) and announced on May 13, 2004,
the first new geological period declared in 120 years.
The type section is in the Flinders Ranges (35 # i 1
L Bk) in South Australia. The age range of the
Ediacaran Period Is from million years.
The base age of approximately 635 million years ago
IS based on




Ediacaran Fossils of Canada

Oi=k Farm

Frond-like "stalk form"




reptiles

Paleozoic Era

Ordovician
fish evolved

on the land

the Silurian

dinosaurs and

B=
g
=€

‘Ordovician

First flowering plants, greatest
development of dinosaurs

First birds and mammals,
abundant dinosaurs

First dinosaurs

Extinction of trilobites and many
other marine animals

Great coal forests; abundant
insacts, first reptiles

Large primitive trees
First amphibians
First land plant fossils
First fish

First orzanisms with shells,
trilobites dominant

mammals and birds



Millions Significant events in
. Period Epoch ofay;:s development of life
Cenozoic T T
Quaternary , 0.01  Humans develop
h . Pleistocene
epochs Moo | e | 20
Cenozoic gene _.’ Miocene g
Oligoc
Extinction of dinosaurs
and many other species
buried deeply intensely deformed
severely modified
Tertiary
Paleogene Neogene
Paleogene Paleocene Eocene Oligocene
Miocene Pliocene
Pleistocene Holocene




GEOLOGIC TIME SCALE

The geological time scale is used by geologists and other scientists to
describe the timing and relationships between events that have
occurred during the history of Earth. The table of geologic periods

presented here agrees with the dates and proposed by
the (ICS) , and ratified by
the (IUGS).

* Subdivisions of the global geological record are formally defined by
their lower boundary. Each unit of the (-542 Ma
to present) and the is defined by a Global
Standard Section and Point (GSSP) and its base, whereas the

Interval is formally subdivided by , Global
Standard Stratigraphic Age (GSSA).



GEOLOGIC TIME SCALE

Abbreviation and Pronunciation

Cretaceous [kr1'tefos] 30 K
Jurassic [d3u'reesik] & ]
Triassic [trar'aesik =2 T
Permian ['pa:mian] — B4 P e
Carboniferous [karbs'niferes] A&« C
Devonian [de'vaunjan] e D
Silurian [sai'ljusrian; si-] HHEa S
Ordovician [,0:dau'vifen; -fien]  ®EfEHZL O

Cambrian ['keembrion] FEHL €




IUGS: International Union of Geological Sciences,

| R R B A e, AR, HIBMER

GSSA: Global Standard Stratigraphic Age,

| FRA = S R

ICU: International Commission on Stratigraphy,
198N Al

GSSP: Global Standard Section and Point,
IR HET AR ST, AR, HREREE T




Introduction to Earth Science
jis PLATE TECTONIC THEORY:

Over geologic time, mountain ranges rise and then erode away,

continents migrate around the globe, and ocean basins open and

close.

Before 1960, no single theory explained all of these manifestations of
the active Earth. In the early 1960s, geologists developed the Plate
Jectonics Theory, which provides a single, unifying framework that
explains earthquakes, volcanic eruptions, mountain building, moving
continents, and many other geologic events. It also allows geologists

to identify many geologic hazards before they affect humans.



Introduction to Earth Science
jis PLATE TECTONIC THEORY:

Briefly, it describes the Earth’s outer layer, called the lithosphere, as a
shell of hard, strong rock. This shell is broken into seven large (and
several smaller) segments called 7ectonic Plates (also called
Lithospheric Plates). The tectonic plates float on the layer below,
called the asthenosphere. The asthenosphere, like the lithosphere, is
rock. But the asthenosphere is so hot that 1 to 2 percent of it is
melted. As a result, it is plastic, and weak. The lithospheric plates
glide slowly over the asthenosphere like sheets of ice drifting across

a pond.



» PLATE TECTONIC THEORY:
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JU., PLATE TECTONIC THEORY:
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U PEATE TECTONIC THEORY:

Most of the Earth’s major geological activity occurs at plate
boundaries, the zones where tectonic plates meet and interact.

Neighboring plates can move relative to one another in three

different ways. At a , two plates move
apart, or separate. At a , two plates move
toward each other, and at a , they slide

horizontally past each other.

Table, given below, summarizes characteristics and examples of

each type of plate boundary.



J/U. PLATE TECTONIC THEORY:

Table 2-1 + CHARACTERISTICS AND EXAMPLES OF PLATE BOUNDARIES

TYPE OF
BOUNDARY

TYPES OF PLATES
INVOLVED

TOPOGRAPHY

GEOLOGIC EVENTS

MODERN EXAMPLES

Divergent

Ccean-ocean

Continent-continent

Mid-oceanic ridge

Rift valley

Sea-floor spreading,
shallow
earthquakes, rising
magma, volcanoes

Continents torn apart,
earthquakes, rising
magma, volcanoes

Mid- Atlantic ridge

East African rift

Convergent

COcean-ocean

Ocean-continent

Continent-continent

Island arcs anjd ocean
trenches

Mountains and ocean
trenches

Mountains

Subduction, deep
earthquakes, rising
magma, volcanoes,
deformation of
rocks

Subduction, deep
earthquakes, rising
magma, volcanoes,
deformation of
rocks

Deep earthquakes.
deformation of
rocks

Western Aleutians

Himalayas

Transform

COcean-ocean

Continent-continent

Major offset of mid-
oceanic ridge axis

Small deformed
mountain ranges,
deformations along
fault

Earthquakes

Earthquakes,
deformation of
rocks

Offset of East Pacific
rise in South Pacific
San Andreas fault
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11~ GEOLOGICAL FEATURES:
The unusual landforms for the City of Rocks are the
result of three processes acting rocks. These

processes are distinguished as follows: weathering,
mass wasting, and erosion.

Weathering: Weathering defines the set of physical,
chemical, and/or biological processes which decay and break
rock down into smaller pieces. Weathering processes can act
independently.

Mass Wasting: Mass wasting, also known as slope movement
or mass movement, is the geomorphic process by which soil
and rock move downslope under the force of gravity. When the
gravitational force acting on a slope exceeds its resisting force,
slope failure (mass wasting) occurs.



GEOLOGICAL FEATURES:
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11~ GEOLOGICAL FEATURES:
Erosion: Erosion is the process that transports the products of
weathering and mass wasting away from their source. It

usually occurs due to transport by wind, water, or ice; by
down-slope creep of soil and other material under the force of

gravity.

Deposition: is the geological process in which sediments, soil
and rocks are added to a landform or land mass. Wind, ice,
water and gravity are the main transporting agents. These

agents transport previously eroded sediment, which s
deposited, building up layers of sediment.

Joint: is a fracture dividing rock into two sections that have
not moved away from each other. A joint sees little or no
displacement.




~ GEOLOGICAL FEATURES:

January 2nd January 20th




1. GEOLOGICAL FEATURES:
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i1+ GEOLOGICAL FEATURES:




1. GEOLOGICAL FEATURES:

Normal-Slip Fault

Reverse Fault



1. GEOLOGICAL FEATURES:
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71+~ GEOLOGICAL FEATURES:
Intrusion: is any formation of intrusive igneous rock; rock

formed from magma that cools and solidifies within the crust of
the planet.

Extrusion: consists of extrusive rock; rock formed above the
surface of the crust.

Volcanism: is  the
phenomenon of eruption
of molten rock (magma)
onto the surface of the
Earth, where lava and
volcanic gases  erupt
through a break in the
surface called a vent.
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7~ THE EARTH’S ORIGIN:

The hypothesis given here is based on calculations about the
behavior of dust and gas in space and on observations of stars and

dust clouds in our galaxy.

The hypothesis states that about 5 billion years ago the matter that
became our Solar System was an immense, diffuse, frozen cloud of
dust and gas rotating slowly in space. This cloud formed from matter
ejected from an exploding star. More than 99 percent of the cloud
consisted of hydrogen and helium, the most abundant elements in

the Universe. The temperature of this cloud was about 270°C.
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£ TLIE & STLITGC ND’ .
/N~ THE EARTH'S ORIGIN:
The hypothesis about the formation of the Solar System and the Earth:

About 5 billion years ago the matter that became our Solar System was in

immense, diffuse, frozen cloud of dust and gas rotation slowly in space.

i - -
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7»~ THE EARTH'S ORIGIN:

This dust and gas began to coalesce due to gravity.
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/»~ THE EARTH'S ORIGIN:

The shrinking mass began to rotate and formed a
disk.
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/»~ THE EARTH'S ORIGIN:

Lu

The mass broke up into a discrete protosun orbited by
large protoplanets..
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7N~ THE EARTH'S ORIGIN:
The Sun heated until fusion temperatures were reached. The
heat from the Sun drove most of the hydrogen and helium

away from the closest planets, leaving small, solid cores
behind.
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THE MODERN SOLAR SYSTEM:

Heat from the Sun boiled most of the hydrogen, helium, and other
light elements away from the inner Solar System. As a result, the
four planets closest to the Sun— Mercury, Venus, Earth, and Mars —
are now mainly rocky with metallic centers. These four are called the
terrestrial planets because they are “Earthlike.” In contrast, the four
outer planets— Jupiter, Saturn, Uranus, and Neptune —are called the
Jovian planets and are composed primarily of liquids and gases with
small rocky and metallic cores. Pluto, the outermost known planet, is
anomalous. It is the smallest planet in the Solar System and is

composed of rock mixed with frozen water and methane.
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MEMBERS OF SOLAR SYSTEM:

The Solar System formed 4.6 billion years ago from the gravitational
collapse of a giant interstellar molecular cloud. The vast majority of the
system's mass is in the Sun, with most of the remaining mass contained in
Jupiter. The four smaller inner planets, Mercury, Venus, Earth and Mars, are
terrestrial planets, being primarily composed of rock and metal. The four
outer planets are giant planets, being substantially more massive than the
terrestrials. The two largest, Jupiter and Saturn, are gas giants, being
composed mainly of hydrogen and helium; the two outermost planets,
Uranus and Neptune, are ice giants, being composed mostly of substances
with relatively high melting points compared with hydrogen and helium,
called ices, such as water, ammonia and methane. All planets have almost
circular orbits that lie within a nearly flat disc called the ecliptic.
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MEMBERS OF SOLAR SYSTEM:
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MEMBERS OF SOLAR SYSTEM:
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PLANETARY GEOLOGY:

Planetary geology is the study of surface and interior processes on
solid objects in the solar system: planets, satellites, asteroids,
comets, and rings. It is a particularly appropriate subject for inclusion
in a text on remote sensing, as the vast majority of our current
knowledge on the geology of solar system objects has been derived
from remote sensing measurements. These measurements have
been obtained either using ground-based or Earth-orbital telescopes
or robotic space probes equipped with sophisticated cameras or

spectrometers.
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PLANETARY GEOLOGY:

Why is it important to study the geology and surface processes of
other objects in the solar system? There are several important
reasons. The first reason involves the quest (inquiry) for knowledge.
The second reason involves evolution, not necessarily in the biologic
sense but in the sense of the physical and chemical evolution of the
solar system over time. The third, and perhaps most important,
reason to study planetary geology is comparative planetology, or the
ability to understand processes on or the evolution of one solar

system object, frequently the Earth, through comparisons to others.
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PLANETARY GEOLOGY:

Planetary geology remote sensing data are acquired using
many different techniques, but the specific types of
measurements and information to be obtained via these
techniques fall into five general categories:

1. Gross physical characterization. Physical characterization
includes determining the mass, shape, size, and density of
solar system objects or of specific morphologic features on
these bodies. These measurements are obtained from
broadband visible, thermal, or radar systems that produce
images of objects at various lighting and viewing angles, from
radar or laser ranging.
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PLANETARY GEOLOGY:

2. Major surface modification processes. Detailed morphologic study

of planetary surfaces can yield substantial insights into the major surface
modification processes that are currently active or that have been active at

some time in the past.

3. Ages of surfaces. Ages are determined from remote sensing images

either by observation of superposition and other stratigraphic relations
between different surface units or by comparing the relative abundances

and size distributions of impact craters between units.

(http://marswatch.tn.cornell.edu/rsm.html)
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PLANETARY GEOLOGY:

4. Surface composition and mineralogy. Determination of the
composition of planetary surfaces provides information on their origin and
geologic/geochemical evolution. This information can be obtained remotely
in many ways, including spectroscopic analysis of sunlight reflected from

the surface at visible and near-IR wavelengths.

5. Atmospheric conditions. Assessment of atmospheric pressure,
temperature, circulation, and composition can provide important constraints

for use in analyzing planetary geology measurements.



Key points for Chapter 1 A~ 75 % £

(geology, geography, biology, and meteorology etc.)
(Geo-, -logy)

(Get something good, prevent something bad.
Material, foreknowledge of danger, protect environment...)

(Nature—best laboratory, depending on basic scientific
discipline, principle of actualism)

(any process, endogenic: inside the solid Earth, internal heat;
exogenic: outside the solid Earth, Sun’s heat:
Auxiliary energies: gravity, rotation force, and gravitation etc.)






