PRl e .
o Earth Basics
o %\ e Y

1. Earth Created 4.56 billion years ago (b.y.a.)
Coincides with the creation of the solar system (4-5 b.y.a.)
Big Bang occurred 10-15 b.y.a.

2. Development of Asthenosphere 4.0 b.y.a.

Asthenosphere: upper most mantle underlying the
lithosphere (more next)

3. Development of Oceans 3.96 b.y.a.

By 1.0 b.y.a. oceans on Earth resembled modern ocean
chemistry

f r&llftdu':enf?rm @ UNIVERSITY of]
Envirommental Sciences NEW ORLEANS




.. T --I__‘
CLA =y . M .
v i - L
"'l'"“f" Wy o .
3 AE S
Mautron Hydrogen nuclens

1% &

&

Hydrogen atam
a2
Proton Helium nucleus

!. /;_i

W iix:

Protogalaxy

Helium atom

>y

“THE BIG BANG THEORY-_

ONE
SECOND (] » 0

PRESENT
DAY

&

15 billion yrs., ‘

10-32 sec.
1077°C

10-93 sep,
Temperature

10-6 zac,

300,000 yrs,
[ fRid e

10,000°C

10820

-200°C -270%C

3 min. \

1 billion yrs. \

The cosmos

goes through
a superiasl
“inflation, .

A rapidly
coollng
GOSMOs permils

guarks to
clumpiinio
protons and
neutrons

NOTE: The nuntbers In cosmolagy are so greal and the pumbers o substemlc physics re 53 small Imt?ll
s ol ncessary o express Hem i espenantizl form, Ten mullied by feell, ar 10D, i writien i 10,
O thousand iz writlen 36 1632 Simbarly, one-tenlh is 10 1, and pne-hondred®li s 102,

4 Still too hot
to form into
atoms, charged
electrons and
profons prevent
light from
shining; the
universe. is.a
slperhof fog

?ﬂ'i

o The Bt ol Lisiverses The Hingfisher Young Posair s Hoo o Sce

Electromns

cambine with
protons and
neulrons o form
atoms, mostly
hydrogen and
helium, Light
cal finally
shine

Gravity makes

hydrogen and
helium gas
coalesce to form
the giant clouds
that will become
galaxies; smalier
clumps of gas
collapse ta form
the first slars

. -
[ =

7 A5 palaxics
cluster

topether under
pravily, the Birst
stars dic and spow
ldatdy el mienls
inte space; these
will eventoally
larm o fpew
stars and planets

TIME Grapbie by Ed Gal|




Geologic Time

e “Deep” Time
— Most geologic processes occur gradually
over millions of years

— Changes typically hardly noticeable over the
span of a human lifetime

— Current best estimate for age of Earth is
~4.56billion years

» Geologic Time and the History of L§

— Complex life forms first became abundant abogg
544 million years ago
Reptiles became abundant ~230 million years &

Dinosaurs became extinct (along witianyother j&
organisms) ~65 million years ago
Humans have been around for a few million years

 “Nothing hurries geology”

Mark Twain
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Era Period Epoch

ago

Holocene

Cuaternary ) 0.01
Pleistocenea

. 1.8

FPliocene
) 5.3

Cenozoic Miocens
: : 238

Tertiary Oligocene

33.7

54.8

Devonian

Paleozoic

Millions
of years

e ESG
Cretaceous
144
Mesozoic
Jurassic
206
Triassic
248
Permian
g 290
g Pennsylvanian
E 323
- Mississippian
3

Geologic Time: a 4.6 billion
year old Earth
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Millions of Years

Silurian

Ordovician

Precambrian

before Present Noteworthy Life Eras Perinds
_ f?— <
4 Earliest hominids = ;.-"!, \\r\\ ot | Quaternary
F | e [s :
4 | e 4 N [ Tortiary
63 First impaortant mammals ; |',' & 0 '\,
Extinction of dinosaurs
I Cretaceous
. : Mesozoic Jurassic
First dinosaurs R
Triassic
251 ——
Permian
300 First reptiles Pennsylvanian
Mississippian
- Paleozoic { Devonian
400 Fishes become abundant S
Silurian
Ordovician
\Cambrian
544 First abundant fossils
600 Some complex, soft-bodied : (The Precambrian
life e : accounts for the
i e \ ; Precambrian :
3,500 Earliest single-celled fossils vast majority of

4,550

Crigin of the Earth

geologic time.)
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Physical Geology Concepts

Earth’s Systems
Atmosphere

 the gases that envelop the Earth |

Hydrospher

« water on or near the Earth’s surfa™ s

Biosphere
o all living or once-living materials

Geosphere
 the solid rocky Earth

U pontchartrain
. Institute for
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Physical Geology Concepts

e Earth’s Heat Engines Expandingseam

— External (energy from the Sun) jpee '} s

Lok b
« Primary driver of atmospheric (weather) IR SR
hydrospheric (ocean currents) circulation f\

~—_
» Controls weathering of rocks at Earth’s surf R

Heat energy

Teapot

— Internal (heat moving from hot interior tg
cooler exterior)

* Primary driver of most geospheric phenome
(volcanism, tectonism)

U pontchartrain
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Earth’s Interior

Compositional Layers

— Crust (~3-70 km thick)

* Very thin outer rocky shell of
Earth

— Continental crustthicker and les
dense

— Oceanic crustthinner and more
dense

— Mantle (~2900 km thick)
* Hot solid that flows slowly over
time; Fe-, Mg-, Si-rich minerals
— Core (~3400 km radius)

» Outer core - metallic liquid;
mostly iron

e |[nner core - metallic solid;
_mostly iron




Cunlinez}tai crust
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Earth’s Interior

* Mechanical Layers N
Oceanic crust -ontinental crus
— Lithosphere (~100 km thick)

 Rigid/brittle outer shell of Earth

« Composed of both crust a
uppermost mantle

« Makes up Earth’s tectonic “plate: :
200 km - 1
— Asthenosphere I

ey 2
III‘-"‘?' ‘.l'-'ll f .EEr
= [ O

Uppermost mantle. | &

100 km e — =

— Y

Asthenosphera —
(part of mantie)

Manthe

— — Mantle

: continues
» Plastic (capable of flow) zone o n:Jg-wnv:a-r-:j
which the lithosphere “floats”
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Internal Processes:

How the Earth’s Internal Heat
Engine Works




Theory of Plate Tectonics

Pangaea (meaningearth in Ancient

Greek) was the supercontinent that
existed during the Paleozoic and
Mesozoic eras about 250 million yea
ago, before the component continent
were separated into their curre
configuration. (N
The name was first used by the 5'*“
German originator of the continental ? SNe . A
drift theory,Alfred Wegenerin the  RNHRTS SEGEI
1920 edition of his booKhe Origin of RSN S
Continents and Oceansm which a

postulated supercontinent Pangaea

played a key role.
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Theory of Plate Tectonics

e Continental Drift Hypothesis

— Originally proposed in early 20th century to
explain the “fit of continents”, matching rock
types and fossils across ocean basins, e e —————
— Insufficient evidence found for driving it & h PN
mechanismhypothesis initially rejected

« Plate Tectonics Theory

Originally proposed in the late 1960s

Included new understanding of the seaflg
and explanation of driving force

Describes lithosphere as being broken |
platesthat are in motion1-18cm/year)
Explains origin and distribution of volcanoes,
fault zones and mountain belts
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Tectonic Plate Boundaries

* Divergentboundaries
— Plates move apart

— Typically expressed asid-oceanic ridges

e Transforn boundarie

— Plates slide past one another P
— Fault zones, earthquakes mark boundary |
— San Andreas fault in California

e Convergenboundaries

— Plates move toward each other
— Mountain belts and volcanoes common

— Oceanic plates may sink into mantle alorsgiaduction
zone typically marked by a deep ocean trench

: SWRE pontchartrain UNIVERSITY of|
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Tectonic Plate Boundaries

* Divergentboundaries

— Plates move apart
— Magma rises, cools and forms new lithosphere
— Typically expressed amid-oceanic ridges

e Transformboundaries

— Plates slide past one another
— Fault zones, earthquakes mark bound
— San Andreas fault in California

e Convergenboundaries

— Plates move toward each other
— Mountain belts and volcanoes common

— Oceanic plates may sink into mantle alorsgiaduction
zone typically marked by a deep ocean trench

SWRE pontchartrain UNIVERSITY of|
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Tectonic Plate Boundaries

* Divergentboundaries
— Plates move apart
— Magma rises, cools and forms new lithosphere
— Typically expressed amid-oceanic ridges

e Transforn boundarie

— Plates slide past one another
— Fault zones, earthquakes mark bounc
— San Andreas fault in California

e Convergenboundaries

— Plates move toward each other
— Mountain belts and volcanoes common

— Oceanic plates may sink into mantle alorsgladuction
zone, typically marked by a deep ocean trench
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~Dceanic crust 'i:;.i:""; < W P i
-~ Continental
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Lithosphere WY

B - Lithosphere
— X

Asthenosphere \""-.. |

Oeceanic-oceanic convergence

o Continental crust
Continental crust ~—_ 5 L
e k1

Lithosphere ~"-..~ Lithosphere

g T_ B

Asthenosphers ™. “._Ancient oceanic crust
Y ™,

Continental-continental convergence

Oceanic-Oceanic Convergence:

Less dense plate subsides,
produces Volcanic Island Arcs

Oceanic-Continental Convergence:

Oceanic plate subsides, produces
Volcanic Mountain Ranges

Continental-Continental
Convergence :

Neither plate subsides, produces
very high Mountain Ranges, e.g.

Himalayas & ey
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Formation of Himalaya
and
Mt. Everest
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B Continent-continent collision (Surface vertical scale exaggerated 8x)
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Surficial Processes:

How the Earth’s External Heat
Engine Works




Surficial Processes

. Uplift
— Volcanic and/or tectonic forces build crust ug
above sea level

— Removal of material by erosion allovgestatic A
uplift of underlying continental rocks e

e Weathering and Erosion

— Rainfall and glaciers flow down slop

— Moving water, ice and wind loosen and
erodegeologic materials, creatirspdiment

Portion removed _

p

., . by erosion__~ S . |
e Deposition : GRS s
— Loose sediment is deposited in low areas — e

when transport agent (water, ice, wind) loses
Its carrying power

— Earlier sediments get buried by later ones a I B I IR
Earth's present  sedimentary rack

harden intcsedimentary rock e

SWRE pontchartrain UNIVERSITY of|
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|Ssostasy

Refers to the state of gravitational equilibrium
between the lithosphere and asthenosphere such
that the tectonic plates "float" at an elevation which
depends on their thickness and density

Thicker, denser portions of the crust sink, resulting In
other thinner, less dense portions to rise

E.G. Southern Louisiana
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Subsidence

Lowisiana Land Loss Classificaton
M1832-1990] Deltare Plain - Pracesees
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Result of Subsidence

¥
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January, 1973 January, 2003

Satellite images of the Mississippi delta showirtgrsive areas that have lost
marshland as a result of subsidence between 13r3G08. The area that gained
marshland during this time interval was receiviogve sedimentatioJSGS | mage.




Next - Chapter 2: Earth’s Interior and
Geophysical Properties




