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Why study Earth?

! FEarth Iinteracts with

AUMmanity
— Earthquakes — Volcanoes
— Floods — Landslides
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hy study Earth?

materials are the
ource of most energy
used on the planet

i Petroleum C. Field observations: CMLWMWWVWW

— Natural gas
— Coal
— Uranium
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hy study Earth?

B. Field observations: Grand Tetons; Wyoming

Snake River ﬁéwa'm-vauw
at base of mountiing —————>
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Why study Earth?

¥ Earth processes

— Active
_.,4‘ Field observations: Mt. Etna, Italy 0 EXiSt With h U man ity
j City possibly threatened
| by erupting volcano

Molten cinders
efected from
crader i small
volcanic cone

Fig 1.1a Copyright © 2006 Pearson Prentice Hall, Inc.



Why study Earth?

! [Earth materials are the source (either directly or
indirectly) of all natural resources

— Metals, plastics, timber, gemstones, building materials, etc.




r' Why study Earth?

! [Earth’s surface Is covered with soll that supports
natural' and agricultural plant diversity




Why study Earth?

Earth Is host of the water used for: power, irrigation,
consumption, recreation

= 3 :.. 2
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Why study Earth?

d'the #1 reason why we should study Earth:

- —

We all live on It!



What Is geology?

ge-ol-o-gy (Greek; geo-+-log) < % &
The scientific study of the 4
origin, history, and structure /4 r
of Earth; including its :
composition, features, and &%
physical processes, as weII
as humanity’s interactions '
with it.




1.1" What is geology?

The classic divisions

— Historical Geology — the study of the physical,
chemical, and biological processes used to
Interpret Earth’s past development such as
mountain building, climate change, and the
evolution of organisms as preserved In fossils

— Pnysical Geology — (the subject of this text)



1.1 What is geology?

Tfhe classic divisions
— rlistorical Geology
— Physical Geology — (the subject of this text) arose

from study of landforms and how they came to be.
B Today, geology touches on many other sciences



1.1 What is geology?

The classic divisions
— rlistorical Geology
— Pnysical Geology — (the subject of this text) arose
from study of landforms and now they came to be.
B Today, geology touches on many other sciences

B The realms of modern geologists: geochemistry,
geophysics, paleontology, planetary geology,
geomorphology, mineralogy, petrology, stratigraphy,
structural geology, hydrogeology and hydrology,
resource/energy geology, environmental geology. ...



What Is geology?

Geologists study Earth
from one extreme ...

... fo the other!

el
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What Is geology?

! 'Today,we seek to:
— understand Earth features and processes
— explore why these features look the way they do
— explore how processes operate the way they do

— look into how we came to know these things—"how
we know, what we know!”



{ Is geology?

Fingernail growth -| [ Grass &mwtl'l Track runner [0 | i |Car on freeway
Motion of lithospheric plates [N
Rise of mountains | IS | Landslide movement
I | Erosion of river valleys Ground breaking during earthquake Jll|
I | Sediment accumulation in the deep sea
Glacier flow IS |
Ground water flow [N | I Stream flow
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Processes are events that occur over time. This figur
differentials in the rates of Earth processes. Note:
occurs in a scale orders of magnitude differen

continents.

(Unless you DO sit and watch your fi



What Is geology?

Geology Is the study of the Earth

— |ts materials

— |tsS Inner workings

— the origin and change of its surface features.

— The many subdivisions of geology address narrow areas of
focus by combining with perspectives from other scientific

dreas.

Geologists

— strive to understand the cause and distribution of geologic
processes occurring on Earth today

— also strive to interpret the 4.56 billion year history of these
processes



IS geology?

Continental crust Dccaml-u crust

The interior of our
Earth is layered.
However, we have
never actually “seen”
these layers.
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1.2 Why study geology?

! 'The simple answer is “Because we can.”

! 'Curiosity about the nature of the world is a
fundamental precept of the scientific process.

I Beyond this, geology touches many parts of
our lives.

— Resources (economics)

— Climate

— Environmental concerns

— Natural hazards ... to name a few



1.2 Why study geology?

| 'To locate resources

— Knowing why useful Earth materials occur where
they do makes finding them simpler.
B Why is iron ore found only in some places?
B Can the shape of landforms tell us what is in them?
B How do we know where to drill for water, or oil?

— These are the kinds of questions that geology can
help to answer.



C. Field observations: CoaL»L’nwmwmt Virginia
|

study geology?

TC

rock it stripped
the coal

layer of coal.

) find the things we need!

_—

—— e e e _—

Copyright © 2006 Pearson Prenti

R S — g ] =t

ce Hall, Inc.

e T e,

Fig 1.1c




1.2 Why study geology?

! o avoid and/or ameliorate hazardous natural
processes

— Geologic knowledge of hazardous Earth processes
assists in making better societal decisions

B How close to the river is it safe to build?
B Will an earthquake ever happen here?
B What is the chance of a volcanic eruption occurring?

— These are the kinds of questions society asks of
geology



Expected shaking severity
M Very violent

M Viclent

B Very strong
Strong

W Moderate
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1.2 Why study geology?

! 'Geologic studies are the center of
Interdisciplinary efforts to understand Earth
systems: the geosphere, biosphere,
hydrosphere, and atmosphere.

I Geologic knowledge Is required to locate
natural resources, and to avoid or diminish the
effects of natural hazards.






W ... How to study Earth?

Make new observations

of madavermenis Data is but a step in this
or review existing data. . . ]
2 < D journey in understanding
N and is referred to as “The
; R nize and define the problem. ' 1Fr ”
ﬁu&m:g:ﬁr; l::{; z?:g:nlati O, - :EE; ?::t:vr:laﬂms:id? | S Cl e ntlfl C M eth Od
2 s W Note, first and foremost,
o 4 i
% | v, - the step in the center.
o SO = 5 Investigate wJﬁat is
o | gy s i’ ASK QUESTIONS!
13 ’ 10 F |

Examine the results ’ B - Develop a r;'.lfpﬂthﬂﬂﬁ

o assure that the State a possible explanation

data are valid. for existing observations

— _— and data lh&_ﬂ solves the problem.
. e . B8 ‘:'fw.f-' L 1

Camyoutastudy [
that generates
new data to test
the hypothesis.
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IS Hew dorwe know ... How to study Earth?

! 'TThe Scientific Method (in brief)

— Ask guestions

— Collect information (data)

— Review data (your own and others’)

— State the problem

— Formulate a hypothesis

— Test hypothesis for predictability and repeatability
— If tests refute ... modify or make new hypothesis



IS Hew dorwe know ... How to study Earth?

! 'IHow do geologists do science?
— TThe scientific method is not a recipe

— Different questions/scenarios require modification
of the method
B Field work — long the “standard” of geology
B Seasonal processes
B [nstrumental/laboratory work
B Computer simulations
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! 'IHow do geologists do science?
— TThe scientific method is not a recipe

— Different questions/scenarios require modification

of the method

B Field work — long the “standard” of geology

— Seeking the data of geology ‘in situ”
— Mapping geologic layers/structures
— Finding fossils/minerals/outcrops
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IS Hew dorwe know ... How to study Earth?

! 'IHow do geologists do science?
— TThe scientific method is not a recipe

— Different questions/scenarios require modification
of the method

B Fleld work

B Seasonal processes
— Floods, other hydrologic events
— Climatic measurements

— Sedimentary processes
— Paleontological studies (particularly marine studies)

B Instrumental/laboratory work
E Corputer sirmulations



IS Hew dorwe know ... How to study Earth?

! 'IHow do geologists do science?
— TThe scientific method is not a recipe

— Different questions/scenarios require modification
of the method

B ~leld work

I (‘.xr
~
9C

Q)
W

1Isonal processes
B [nstrumental/laboratory work
— GIS/Satellite image processing
— Electron microprobes
— GC/MS of petroleum-related materials
— Radiometric dating techniques

E Corputer sirmulations



IS Hew dorwe know ... How to study Earth?

! 'IHow do geologists do science?
— TThe scientific method is not a recipe

— Different questions/scenarios require modification
of the method

B Fleld work
B Seasonal processes
E Instrumental/laboratory work
B Computer simulations

— Remember the aspect of scale: time is another variable to your

computer. A large-scale, or slow, process can be “modified™ in
virtual fashion in models

— Climate models are a prime example



IS Hew dorwe know ... How to study Earth?

! 'The "Big Picture”

— Theories and Laws of Nature

B Principles (aka “Laws™) — universally applicable
generalizations that do not necessarily offer explanation

B Theories — widely accepted explanations of natural
phenomena that explain all relevant data



IS Hew dorwe know ... How to study Earth?

' 'E.g., The "Law of Gravity” (the principle that “stuff
falls™) Is quite different from the Theory of Universal
Gravitation which mathematically relates masses to
their forces of attraction to explain why “stuff falls.”



IS Hew dorwe know ... How to study Earth?

! " TThe scientific method integrates inquiry, explanation,
and testability in understanding natural phenomena.

! Geologists use laboratory studies less often than
some scientists due to the rates and scales of some
Earth processes.

P Principles (Laws) are generalizations about the
observation of nature whereas theories offer accepted
and well-tested explanations for observed natural
systems.



1.4 Uniformitarianism

! What Is it? What does it mean?

— Uniformity of natural processes as old as the Greek
philosophers

B Means that the current processes on Earth obey the
same basic physical laws they did “then” allowing us to
back-calculate some prior condition.

— James Hutton and Charles Lyell (Principles of
Geology v1-3, 1830-35) formalized concept.



1.4 Uniformitarianism

! ' TThe evidence seems to support the premise

At left is an active
Atlantic beach in
i d  South Carolina.

LN
Lamdme

R .

-

4 F u o -
G

At right are the
fossilized ripples of a
beach millions of
years past.

o I 4 - r.d- i _- -';-I. . i '4'& Q“' | : ’ 4 {
® . \. \.l._.. - “ A — _‘1 ‘ ;-' .& .I :
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1.4 Uniformitarianism

modern earthqguake mirrors events past that built
mountains like those in the distance.

Mountains uplifted during
many earthquakes over a
long time interval

'ru._'___' [

Land surface broken
and raised up 2 meters

; { i TR TP S T ol
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1.4 Uniformitarianism

! 'Current perspectives
— Not taken literally

B Early conditions likely differed (temperature, chemistry)
B Conditions affect rates of processes

B Early Earth processes likely occurred at different rates
than today, although the same physical principles limited
them

— Is Uniformitarianism predictive? Sort of ...

B We know for instance that mountains will wear down and
oceans will open and close in the future.

B It is less likely that we can predict where andiwhen an
earthquake will occur.



1.4 Uniformitarianism

! ' The principle of uniformitarianism states that
examined cases of process and result guide
our interpretation where such processes were
not withessed. Earth features that were created
by processes occurring in the past can be
Interpreted by examining active processes.



LS VWhat 1s the Theory of Plate Tectonics?

I 'A ‘new" theory (c. 1960s)

! The solid lithosphere of Earth is composed of
a humber of plates.

I Over time, and due to processes described in
detall in Part ll, these plates move.

I Some plates grow while others shrink,
maintaining a balance of forces and area
across Earth’s surface.



—— Divergent boundary =~ === Convergent boundary Transform boundary = Earthquakes, the 5000 largest earthquakes between 2000-2004

. Mountains actively rising over last 5 million years A \folcanoes that erupted between 2000-2004
Copyright © 2006 Pearson Prentice Hall, Inc. Fig 1.10













































