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Why study Earth? 

Earth interacts withEarth interacts with 
humanithum yanity
–– EarthquakeEarthqua skes  –– VolcanVo oeo s
lcan es 
–– FloodsFloods  –– LaL ndn slidsli es
ea d d s



Why study Earth?Why study Earth? 

Earth materials are theEarth materials are the 
source of most energysource of most energy
used onus thet planeted on he planet 
–– PetrolePe umutrole m 
–– NatuNat rar l gal g su a as 
–– CoalCoal 
–– UraUr niumna ium

Fig 1.1c 



Why study Earth?Why study Earth?

Fig 1.1b 



Why study Earth?Why study Earth? 

Earth processesEarth processes
–– ActivAct eive
–– ExistEx withw  huh mam nitynist  ith u a ity

Fig 1.1a 



Why study Earth?
Why study Earth? 

Earth materials are the source (either directly orEarth materials are the source (either directly or 
indirectly) of all natural resourcesindirectly) of all natural resources
–– Metals, plastics, timber, gemstones, building materials, etcM .
etals, plastics, timber, gemstones, building materials, etc.



Why study Earth?Why study Earth? 

EarthEarth’’s surface is covered with soil that supportss surface is covered with soil that supports
naturalnat and agriand  cultc ural plantural  diversdiv ityitural  agri ult plant ers y

Fig 1.2c 



Why study Earth?
Why study Earth? 

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





Why study Earth?
Why study Earth? 

And the #1 reason why we should study Earth:
And the #1 reason why we should study Earth: 

We all live on it!
We all live on it!



What is geology?What is geology?

gege∙∙olol∙∙oo∙∙gygy ((Greek; geoGreek; geo­­ ++ ­­logi)logi)
The scientific study of theThe scientific study of the 
origin, history, and structureorigin, history, and structure 
of Earth; iof E nclnc udinudi g itsg iarth; i l n ts
compc osios tion, featti ures, anduresomp i on, feat , and 
phyph sis calc  procesproc sess , as w, as ellely i al es es  w l
as humas anityanihum ty’’s is nteractinterac onsi tions
wiw th it.th ii t.



1.1 What is geology?
1.1 What is geology? 

The classic divisionsThe classic divisions
–– Historical GeologyHistorical Geology –– the studyt of tof he phe hyshy ical,iche study t p s al,
chemical, and biological processes used tochemical, and biological processes used to 
interpret Earthinterpret Earth’’s past developms ent sent uchuc aspast developm s h as
mountain building, climate change, and themountain building, climate change, and the 
evolution of organisms as preserved in fossilsevolution of organisms as preserved in fossils

–– Physical GeologyPhysical Geology –– (the subject of(t thit s ts extex )he subject of hi t t)
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The classic divisionsThe classic divisions
–– HistoricalH Geologyistorical Geology 
–– Physical GeologyPhysical Geology –– (the subject of thi(t s ts extex ) aros)  ehe subject of thi t t arose 
from study of landforms and how they came to be.from study of landforms and how they came to be.

Today, geology touches on many other sciences
Today, geology touches on many other sciences



1.1 What is geology?
1.1 What is geology? 

The classic divisionsThe classic divisions
–– HistoricalH Geologyistorical Geology 
–– Physical GeologyPhysical Geology –– (the subject of thi(t s ts extex ) aros)  ehe subject of thi t t arose 
from study of landforms and how they came to be.from study of landforms and how they came to be.

Today, geology touches on many other sciences
Today, geology touches on many other sciences 
The realms of modern geologists: geochemistry,The realms of modern geologists: geochemistry, 
geophysics, paleontology, planetary geology,geophysics, paleontology, planetary geology, 
geomorphology, mineralogy, petrology,geomorphology, mineralogy, petrology, stratigstrat raphrap yig hy,, 
structural geology, hydrogeology and hydrology,structural geology, hydrogeology and hydrology, 
resource/energy geology, environmental geologyresource/energy geology, environmental geology ……



What is geology?What is geology? 

Geologists study Earth 
from one extreme … 

… to the other! 

Fig 1.2a 



What is geology?
What is geology? 

Today,weToday,we seeks  to:eek to: 
–– understand Earth features and processunders estand Earth features and processes
–– explore why these features look the way theyex doplore why these features look the way they do 
–– explore how processes operate the way theyex doplore how processes operate the way they do 
–– look into how we came to know these thingslook into how we came to know these things——““howhow
we know, what we know!we know, what we know!””



What is geology?What is geology? 

Processes are events that occur over time. This figure shows the 
differentials in the rates of Earth processes. Note: our perception 
occurs in a scale orders of magnitude different from the growth of 
continents. 

(Unless you DO sit and watch your fingernails grow …) 

Fig 1.4 



What is geology?
What is geology? 

Geology is the study of the EarthGeology is the study of the Earth 
–– its materiaits m lsaterials 
–– its inner workingits in sner workings 
–– the origin and change of its surface featuresth .e origin and change of its surface features. 
–– The many subdivisions of geology address narrow areas oT fhe many subdivisions of geology address narrow areas of 
focus by combining with perspectives from other scientificfocus by combining with perspectives from other scientific 
areasareas..

GeologistGeologis sts
–– strive to understand the cause and distribution of geologstri icve to understand the cause and distribution of geologic 
processes occurring on Earth todayprocesses occurring on Earth today 

–– also strive to interpret the 4.56 billion year history of thea selso strive to interpret the 4.56 billion year history of these
processesprocesses



What is geology?What is geology? 

The interior of our 
Earth is layered. 
However, we have 
never actually “seen” 
these layers. 

How we know these 
details will be 
covered later in this 
course.Fig 1.3 



1.2 Why study geology?
1.2 Why study geology? 

The simple answer isThe simple answer is ““BecBe ause waus e can.e cc e w an.”” 
Curiosity about the nature of the world is aCuriosity about the nature of the world is a 
fundamental precept of the scientific process.fundamental precept of the scientific process. 
Beyond this, geology touches many parts ofBeyond this, geology touches many parts of 
our lives.our lives. 
–– Resources (economicsR )esources (economics) 
–– ClimatC elimate 
–– Environmental concEnv ernsironmental concerns
–– Natural hazardsNatural hazards …… tot namenam a fa ewo  e  few



1.2 Why study geology?
1.2 Why study geology? 

To locate resourcesTo locate resources
–– Knowing why useful Earth materials occur wKnow hereing why useful Earth materials occur where 
they do makes finding them simpler.they do makes finding them simpler.

Why is iron ore found only in some places?Why is iron ore found only in some places?
Can the shape of landforms tell us what is in them?Can the shape of landforms tell us what is in them?
How do we know where to drill for water, or oil?How do we know where to drill for water, or oil? 

–– These are the kinds of questions that geology cT anhese are the kinds of questions that geology can 
help to answer.help to answer.



1.2 Why study geology?1.2 Why study geology? 

To find the things we need! 

Fig 1.1c 



1.2 Why study geology?
1.2 Why study geology? 

To avoid and/or ameliorate hazardous naturalTo avoid and/or ameliorate hazardous natural
processesprocesses
–– Geologic knowledge of hazardous Earth processeGeologic sknowledge of hazardous Earth processes
assists in making better societal decisionsassists in making better societal decisions

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

–– These are the kinds of questions society asksT of
hese are the kinds of questions society asks of
geology
geology



1.2 Why study geology?1.2 Why study geology? 

Geologists map the risks of geologic hazards 

Assessing the risks of 
hazards helps to make cities 
safer, like San Francisco. 

Fig 1.5 



1.2 Why study geology?
1.2 Why study geology? 

Geologic studies are the center ofGeologic studies are the center of 
interdisciplinary efforts to understand Earthinterdisciplinary efforts to understand Earth 
systems: thesystems: the geospheregeosphere, bios, bi phere,pheros e, 
hydrosphere, and atmosphere.hydrosphere, and atmosphere. 
Geologic knowledge is required to locateGeologic knowledge is required to locate 
natural resources, and to avoid or diminish thenatural resources, and to avoid or diminish the 
effects of natural hazards.effects of natural hazards.





1.3 How do we know1.3 How do we know …… How to study Earth?How to study Earth?

Data is but a step in this 
journey in understanding 
and is referred to as “The 
Scientific Method” 

Note, first and foremost, 
the step in the center. 

ASK QUESTIONS! 

Fig 1.7 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

The Scientific Method (in brief)The Scientific Method (in brief) 
–– Ask questionAs sk questions
–– Collect information (datC a)ollect information (data) 
–– Review data (your own and othersReview data (your own and others’’)) 
–– State theSt problemate the problem
–– Formulate a hypothesF isormulate a hypothesis
–– Test hypothesis for predictability and repeatabilitT y
est hypothesis for predictability and repeatability
–– If tests refuteIf tests refute …… mom difydif or mor  akeak new hynew potp hesis
heso y m e  hy ot is



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

How do geologists do science?How do geologists do science? 
–– The scientific method is not a recT ipehe scientific method is not a recipe 
–– Different questions/scenarios require modificatD ionifferent questions/scenarios require modification 
of the methodof the method 

Field workField work –– long thelong the ““stansta dad rdn ard”” ofo geg ologo yf  e logy 
Seasonal processesSeasonal processes 
Instrumental/laboratory workInstrumental/laboratory work 
Computer simulationsComputer simulations 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

How do geologists do science?How do geologists do science? 
–– The scientific method is not a recT ipehe scientific method is not a recipe 
–– Different questions/scenarios require modificatD ionifferent questions/scenarios require modification 
of the methodof the method 

Field workField work –– long thelong the ““stansta dad rdn ard”” ofo geg ologo yf  e logy 
–– Seeking the data of geologySeeking the data of geology ‘‘in si ituin s tu””
–– Mapping geologic layers/strucMap turesping geologic layers/structures
–– Finding fossils/minerals/outcrFin opsding fossils/minerals/outcrops 

Seasonal processesSeasonal processes 
Instrumental/laboratory workInstrumental/laboratory work 
Computer simulationsComputer simulations 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

How do geologists do science?How do geologists do science? 
–– The scientific method is not a recT ipehe scientific method is not a recipe 
–– Different questions/scenarios require modificatD ionifferent questions/scenarios require modification 
of the methodof the method 

Field workField work 
Seasonal processesSeasonal processes 
–– Floods, other hydrologic eventFlo sods, other hydrologic events
–– Climatic measurementCl simatic measurements
–– Sedimentary processS esedimentary processes
–– PaleontologicalPaleontological studies (pas rtir culc arlar y my arine studarin iesi )tudies (pa ti ul l  m e stud es)

Instrumental/laboratory workInstrumental/laboratory work 
Computer simulationsComputer simulations 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

How do geologists do science?How do geologists do science? 
–– The scientific method is not a recT ipehe scientific method is not a recipe 
–– Different questions/scenarios require modificatD ionifferent questions/scenarios require modification 
of the methodof the method 

Field workField work 
Seasonal processesSeasonal processes 
Instrumental/laboratory workInstrumental/laboratory work 
–– GIS/Satellite image processiG ngIS/Satellite image processing 
–– Electron microprobeE slectron microprobes
–– GC/MS of petroleumGC/MS of petroleum­­relr ated mate aterate iali sel d m r als
–– Radiometric dating techniqRad uesiometric dating techniques 

Computer simulationsComputer simulations 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

How do geologists do science?How do geologists do science? 
–– The scientific method is not a recT ipehe scientific method is not a recipe 
–– Different questions/scenarios require modificatD ionifferent questions/scenarios require modification 
of the methodof the method 

Field workField work 
Seasonal processesSeasonal processes 
Instrumental/laboratory workInstrumental/laboratory work 
Computer simulationsComputer simulations 
–– Remember the aspect of scale: time is another variable to yRem ourember the aspect of scale: time is another variable to your 
computer. A largecomputer. A large­­scale, or slow, process can bs ecale, or slow, process can be ““modifm iediodif ed”” inin 
virtual fashion in modelsvirtual fashion in models

–– Climate models are a prime examplCl eimate models are a prime example 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

TheThe ““Big PicBi tureg Picture”” 
–– Theories and Laws of NatT ureheories and Laws of Nature 

Principles (akaPrinciples (aka ““LawsLaws””)) –– univu ersalle y ay ppp licali blb eniv rsall  a p ca le
generalizations that do not necessarily offer explanationgeneralizations that do not necessarily offer explanation
TheoriesTheories –– widely accepted explanationsw ofo nan turtu alaidely accepted explanations  f  a r l 
phenomena that explain all relevant dataphenomena that explain all relevant data



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

E.g., TheE.g., The ““Law of GravityLaw of Gravity”” (the(t principleprinc that the  iple hat ““sts ufu ft ff
fallsfalls””) is quite different from the Theory of U) niversniv alis quite different from the Theory of U ersal 
Gravitation which mathematically relates masses toGravitation which mathematically relates masses to 
their forces of attraction to explain whytheir forces of attraction to explain why ““sts ufu f ff alls.allst f f .”” 



1.3 How do we know1.3 How do we know …… HoH w tw o sto udu y Earthy ?
o  t  st d  Earth?

The scientific method integrates inquiry, explanation,
The scientific method integrates inquiry, explanation,
and testability in understanding natural phenomena.
and testability in understanding natural phenomena.
Geologists use laboratory studies less often thanGeologists use laboratory studies less often than 
some scientists due to the rates and scales of somesome scientists due to the rates and scales of some 
Earth processes.Earth processes.
Principles (Laws) are generalizations about thePrinciples (Laws) are generalizations about the 
observation of nature whereas theories offer acceptedobservation of nature whereas theories offer accepted 
and welland well­­tested explanations for obst ervederv naturalnatested explanations for obs ed  ural 
systems.systems.



1.41.4 UniformitarianisU m
niformitarianism 

What is it? What does it mean?What is it? What does it mean? 
–– Uniformity of natural processes as old as theU Greekniformity of natural processes as old as the Greek
philosophersphilosophers

Means that the current processes on Earth obey theMeans that the current processes on Earth obey the
same basic physical laws they didsame basic physical laws they did ““theth nen”” alla owio ngn  us tu oll wi g s to
backback­­calculate some prior coca ndn ition.itionlculate some prior co d . 

–– James Hutton and Charles Lyell (James Hutton and Charles Lyell (PrinciplesPrinci of
ples of 
Geology v1Geology v1––3, 18303, 1830––3535) f)  ormalizorm ed ced  oncon ept.
eptf aliz c c .



1.41.4 UniformitarianisU m
niformitarianism 

The evidence seems to support the premise
The evidence seems to support the premise 

At left is an active 
Atlantic beach in 
South Carolina. 

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

Fig 1.8 top Fig 1.8 bottom 



1.41.4 UniformitarianisU m
niformitarianism 

A modern earthquake mirrors events past that builtA modern earthquake mirrors events past that built
mountains like those in the distance.mountains like those in the distance.

Fig 1.9 



1.41.4 UniformitarianisU m
niformitarianism 

Current perspectivesCurrent perspectives
–– Not taken litN erallyot taken literally

Early conditions likely differed (temperature, chemistry)Early conditions likely differed (temperature, chemistry)
Conditions affect rates of processesConditions affect rates of processes 
Early Earth processes likely occurred at different ratesEarly Earth processes likely occurred at different rates 
than today, although the same physical principles limitedthan today, although the same physical principles limited
theth mem

–– IsIs UniformitarianisUniformitariani msm predictpredic ive?iv Sort ofSortt e?  of …… 
We know for instance that mountains will wear down andWe know for instance that mountains will wear down and
oceans will open and close in the future.oceans will open and close in the future. 
It is less likely that we can predict where and when anIt is less likely that we can predict where and when an
earthquake will occur.earthquake will occur.



1.41.4 UniformitarianisU m
niformitarianism 

The principle ofThe principle of uniformitariau nisni mniformitaria sm statess  thattates that 
examined cases of process and result guideexamined cases of process and result guide 
our interpretation where such processes wereour interpretation where such processes were 
not witnessed. Earth features that were creatednot witnessed. Earth features that were created 
by processes occurring in the past can beby processes occurring in the past can be 
interpreted by examining active processes.interpreted by examining active processes.



1.5 What is the Theory of Plate Tectonics?
1.5 What is the Theory of Plate Tectonics?

AA ““newnew”” theorytheor  (c. 1960s(c )y . 1960s) 
The solid lithosphere of Earth is composed ofThe solid lithosphere of Earth is composed of 
a number of plates.a number of plates. 
Over time, and due to processes described inOver time, and due to processes described in 
detail in Part II, these plates move.detail in Part II, these plates move. 
Some plates grow while others shrink,
Some plates grow while others shrink, 
maintaining a balance of forces and area
maintaining a balance of forces and area 
across Earthacross Earth’’s ss urfaceu .
s rface.
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