


Dynamie Crust



What is “The Dynamic Crust?”

$Dynamic means constantly changing

SCrust is the outer portion of the earth

SDynamic Crust is the term given to
how the Earth’s Crust is ever changing
and evolving through plate tectonics
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oo0— | K\ " (the rigid mantle).
It is solid rock.
Crust 5-70 km (lower mantie) % \ >-230 kam
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The asthenosphere= plastic
(partially melted) layer
beneath the lithosphere. This
IS where convection occurs.
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»The Moho Is the boundary between the crust and mantle
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» Convection currents occur
IN the asthenosphere.

» The Quter Core Is believed
fo be liquid metal.

PACIFIC
<~ OCEAN




FRESSURE
arnilhians af abmos pharas)

i

TEMPERATLURE

CESSITY g

2.5 SOl i sl

g L

A0

000

1000 —

]
= ISNTIAL WELT NG OF
LLTPA A MASTLE

1

1000 2000 3000 4000 5000 6000
DEFTH (km)

h‘: H_'-_

EARTH'S CENTER

Inferred Properties
of Earth’s Interior

Model is based on the study of seismic
(earthquake) waves



» As depth increases, pressure increases. i
]
» As depth increases, femperature increases. %ﬁ
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» When the actual temperature is greater than
the melting point, the layer is in liquid phase.

» As depth increases, density iIncreases.
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Our model of the Earth'’s
Interior is based entirely on
the study of seismic waves.







Continental Drift

»The theory that the continents
- have been moving across the
Farth's surface throughout history

R

Ifred Wegener

- German Meteorologist
Early Twentieth Century
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Fassil evidence
of the Trigssic
land reptile

Lystrosaurus.

u AUSTRALIA

Fossils of the fern
Glossoptens found

in gl of the southem
contnents, show that
they were gnce joined.

SOUTH AMERICA

‘%sﬁ remains of
Cynognathus, a

Triassic land raptile
approximataly
3mlong.
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Evidence Supporting Continental Drift

1. The Apparent Fit of the Confinents

2. Fossil Correlation

3. Rock/Mountain Correlation

4. Past Climate Data




Wegener's theory was noft

accepted because he
offered no mechanism for

the motion of the continents.
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All seismic activity occurs
along plate boundaries
(except for hotspots).




The lithosphere is broken into plates
These plates “float” on the plastic asthenosphere
The TheoryeobPlate, Feqgtionitstisatsorn
All seismic activity is found along plate boundaries

Plate motion is driven by mantle convection



PLATE TECTONICS

 The lithosphere is broken into plates

> These plates “float” on the plastic asthenosphere

» Along plate boundaries, the plates intferact

» All seismic activity is found along plate boundaries

 Plate motion is driven by mantle convection
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 The driving force behind plate tectonics, the
force moving the lithospheric plates

 Heat lowers density causing a substance to rise
where It cools, becomes more dense and sinks

» OQccurs In the asthenosphere and moves the
overlying plates around
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Mantle convection cuirents
drive plate motion.
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Divergent Plate Boundaries

* Plates move apart

* Magma rises and cools
forming new sea-floor

* Youngest rock is near the ridge,
It gets older as you move away

* The earth’s magnetic field Is
recorded Iin the rock as it forms.
We have a record of the earth’s
magnetic reversals on either side of
the ridge.
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AGE OF SEA FLOOR
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As distance from the ridge
Increases, the age of the
sed-floor increases.
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Mid-ocean ridge

-

Rock formed when
Earth’s magnetic
field was normal
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Earth's magnetic
field was reversed



Evidence of Sea Floor Spreading

Normal Noral Normal MAGNETIC

Reverse Reverse everse Reverse POLARITY OF
THE SEA
' FLOOR

Years S 3 2 1 0 : 5 7 4

Oldest Youngest Oldest




The pattern of magnetism in
the sea-floor matches on

either side of the ridge. This
proves sea-floor spreading.




Convergent Plate Boundaries

* Plates move tfogether

Sea lavel

* Three types depending on crust = ~ Ccamnicens
Involved: — o

» Subduction zone (oceanic/
continental) e

As henosphere

* Island arc (oceanic/oceanic) Metamorphi

Granite intrusives
Folded sedimentary l,n‘ '
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» Collision zone (continental/
confinental)

* Earfhquakes and volcanoes are
common

Asthencsphera
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Oceanic to Continental —

Convergent Plate /= ’/Q(\/Q“A -
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Oceanic to Oceanic
Convergent Plate
Bcundanes

® Shallow
® Intermediate
® Deep




The depth of earthquakes
Increases as you fravel over
the subducting plate.
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Transtorm Plate Boundaries

* Plates slide past one
another

* Earthquakes are common

» Common Example: San
Andreas Faulf




San Andreas Fault
California, USA




HOT SPOTS

* Volcanism away from a plate boundary

» Magma rises through the | gl o
. o Progressively ",_.'.f_f.";?".;’::j ',,, -4

mantle forming an active older TN
volcano

* The plate moves over this
spot forming a chain of
Islands with the active
volcano being the one
over the hot spot
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?”' 8 million
| years old

Ocean
NPZONN

Plate motion i

Magma
from hot spol

Asthenosphere



Kaual
5,100, OOO years

'
®13,000,000 years
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Suiko Seamount
59,600,000 years

Nintoku Seamount
56,200,000 years
Ojin Seamount

55,200,000 years

Midway Island
27,700,000 years

Daikakuji Seamount | La Perouse Pinnacles
42,400,000 years - 12,000,000 years

Hawail
0-400,000 years



The active volcano, over
the hot spot, is the youngest.
Age Increases as you get
farther from the hot spot.
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Crustal Deformation

-Changes in rocks caused by crustal movements

-Folds

=™ Undeformed Layers

-Faults P

-Tilts

-Uplift Tilted Layers
-Subsidence

Folded Layers
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Earthquakes







Parts of an Earthquake

® Focus is where the Earthquake actually occurs inside the Earth

S

Deeper the Focus, the stronger the earthquake. Think about a

® Epicenter is the location at the surface of crust just above the
Focus.

8 Seismic Waves are the different waves (vibrations) that are sent
throughout the planet from the earthquake

® P-Waves

® S-Waves
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“SEIS”=Earthquake

S Seismologist-Someone who studies earthquakes

S Seismograph-Machine that picks up vibrations on the
ground

8 Seismogram-Printout of the vibrations

€ Vibrations are measured by how big the “zig-zag” pattern
is (Amplitude of Waves)

® Bigger they are....stronger the earthquake...closer

8 Smaller they are...weaker the earthquake...farther
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Loma Prieta recorded at KEV {Kevo, Finland)
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Richter Magnitude/ IN1 Equivalent

1.0 B ounces

2 pounds
13 pounds
63 pounds
397 pounds
1,000 pounds
b ons

a2 fons

1989 ons
500 tons
6.270ons
31,550 tons
199,000 tons

-4 =J
|

N

---‘.---

CD)
L

| O
1l .

199,999 00

1,000,000 tons
6,270 000ns
31,250,000 tons
Uons

=small atomic bomb
Average ornado

LOS Ahgeles (7.4) 1992
san Francisco (8.3) 1906

J

Anchorage, Alaska 13964

Magnitude

Strength

Charles Richter



Earthquake Magnitudes and Expected World Incidence

Moment Magnitudes
< 2.0
2.0-2.9

3.0-3.9

4.0-4.9
5.0-5.9

6.0-6.9
7.0-7.9

8.0 and above

Effects Near Epicenter

Generally not felt, but can be recorded
Potentially perceptible

Rarely felt

Can be strongly felt

Can be damaging shocks

Destructive in populous regions

Major earthquakes; inflict serious damage

Great earthquakes; destroy communities
near epicenter

Estimated Number
per Year

= 600,000
= 300,000
= 100,000
13,500
1,400

110
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Wave motion

Particle motion density density

(a) P-wave




Wave motion

S
" Particle

(b) S-wave motion




Easy way to remember the waves
8 P-Waves/Compression ® S-Waves/Shear

é Primar){ Waves 5 SeCOndar)’ Waves

€ Phirst to seismic station s Second to seismic station

S
€ Phaster than S wave Slower than P wave

é T o “S” o
ravels in an -like pattern
8 Push-Pull P

(Side to Side)
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8 Pass through solids,liquids and gases

€ Porsche




P -Wave Shadow Zone

© . .
"IV Focus ® Caused by density differences
\ between mantle and outer core

)\

€ P-Waves bend (Refrect)

N

€ Area Between 103-142 degrees

away from epicenter do not receive
P-VVaves

‘|
Low Velocity Core “"T
| Q
-
N
| .

8 Area not receiving P-Waves is in
the Shadow Zone




S-Wave Shadow Zone

& Caused by S-Waves not being
E.Q. Focus . .
T able to pass through the liquid
outer core

. S-Waves get absorbed by the
Low Velocily Cors liquid outer core

Area |03 degrees in all
directions from epicenter do not
receive S-VVaves




Earthquake epicenter Key

et P-wave ————
S-wave ———

Seismic station records
‘ ' both P and S waves
hy 8

Seismic station records
no P or S waves

140°

Seismic station records
S‘Wave shadow zone P waves only




How to Determine Epicenter Location

€ | Seismic Station only tells you epicenter distance, not location.

8 2 Seismic Stations take an infinite number of possible locations and
narrows it down to 2 possible points for epicenter location.

8 3 Seismic Stations will let you know exactly where the epicenter is
located.

Look to see where all 3 circles intersect (TRIANGULATION)

e

Je

—

he closer a seismic station is to the epicenter, the smaller the circle.

® The farther a seismic station is to the epicenter, the larger the circle.






Things to think about.....

[
® Travel Time - Amount of time it takes for a P wave or S wave to travel
a specific distance (Use Chart Directly!!).

& Arrival Time - The time a P wave or S wave arrives at a seismic station
(Subtract P wave and S wave time and use weggie method).

Je

Lag Time-Difference between P-Wave and S-Wave Arrival Times.

Je

Origin Time - When the earthquake started.

Je

Bigger the difference between arrival times, the farther away the
epicenter Is.

€ The smaller the difference between arrival times, the closer the
epicenter Is.



Things we need to be able to determine..

v P-wave travel time (Py)
v P-wave armval tme (Par)
v Swave travel time ()
v Swave arrival time (Sarr)
v Lagtime (Sar - Pamy

v Epicenter distance (Eds)




TRAVEL TIME (minutes)
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How long does it fake o
P-wave 1o fravel 5000
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8 minutes
20 seconds




TRAVEL TIME (minutes)
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How far does an Sswave
fravel In 16 minutese

5400 km
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f an Earthquokes P-Wave
amves af 1200 pm and

fravels 6000 km, what ime
will The SWave amvee

P-Wave Travel Tme:
00:09:20

S-Wave Travel Time:
00:17:00

Difference: 00:07:40
Time of Anival: 1207:40 pm
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Earthquake P-wave and S-wave Travel Time
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If an Earthquakes 5
Wave travels S000 km

aond amves at a selsmic
staxtidnibt 1:4440am,
What s the ongin tme of
the Earfhaquaokee
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- THEY ARE THE SAME!

1391 : C'CIrIQ'I




amval of Swave 10:1000 am

amval of Pwave 1007:40 am "

v Par=10:0/:40

vV Sar=10:10:00

vLagime (Sar-Par) = 000220
v Epicenter disfancee




vV Sar=10:10:00
- —  YPar=100/:40
. / v Log time =00:02:20
: Y Epicenter distance?

TRAVEL TIME (minutes

SE (x10° km)

Epicenter distance = 1,400 km
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The Epicenter is located

'—Qﬂi' () w} H..

L.

- ol ¥ad [( ( P+
o’_ﬁﬂlﬂ Jln. 3T

-»’@".ﬁ icl";'('f -JJ 10!~|"
1X2

srs (¥
i ;///' v ATLANTIC
OCEAN
Qé._:yr‘\/f — N

are] he three dirclesi |n wrsect

Gulf of
Mexico



T sunami

Ocean plate

Cartoon model, not to scale
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