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What is “The Dynamic Crust?”

$Dynamic means constantly changing

SCrust is the outer portion of the
earth

@Dynamic Crust is the term given to
how the Earth’s Crust is ever changing
and evolving through plate tectonics



Plate Boundaries and Plate lectonics
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Normal Fault

8 Footwall slides upward in
relation to the hanging wall sliding
down.

8 The angle produced at the

surface is greater than 90 degrees
(Obtuse Angle)

€ Rock layers do not match up

® This is called Tension Stress



NorRMAL FAULT




REVERSE FAULT

€ Hanging wall slides upward in
reference to the foot wall

o € Produces an angle at the surface
less than 90 degrees (Acute Angle)
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B 8 Rock layers do not match up
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S TN & This is produced by

Compressional Stress
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REVERSE FAULT




San Andreas Fault




STRIKE-SLIP FAULT




Parts of an Earthquake

Focus is where the Earthquake actually occurs inside the
Earth

S

S

Deeper the Focus, the stronger the earthquake. Think about

S

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



Epicenter
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“SEIS”=Earthquake

S Seismologist-Someone who studies earthquakes

S Seismograph-Machine that picks up vibrations on the
ground

@ 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

€ Smaller they are....weaker the earthquake...farther






Loma Prieta recorded at KEV {Kevo, Finland)
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Richter Magnitude/ N1 Equivalent

1.0 E ounces .
{) & Z pounds Magn |tUde
2.0 13 pounds
2.9 63 pounds —
3.0 397  pounds I
3.9 1,000 pounds
4.0 6 tons Small atomic bomb S h
. 32 ons Averadge ornado t re n gt

199 tons
500 tons
6.270ns
31,550 0ons
199,000 ons san Francisco [ £.1) 19889
1,000,000 tons LOS Angeles (7.4) 1992
6,270,000 0ns san Francisco (8.3) 1906
31,550,000 tons Anchorage, Alaska 13964
199,999 000 ons
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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

12

0-1




Wave motion
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|. Easy way to remember the waves
S-Waves

. .
® P-Waves/Compression

B0

) Secondary Waves
Primary Waves ® Second to seismic station

®  Phirst to seismic station € Slower than P wave
Phaster than S wave ® Shear

S Push-Pull " Solids Only”
€ Pass through solids,liquids and gases © Travels in an “S”-like pattern
€ Saturn

Je

Porsche
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P -Wave Shadow Zone

E.Q. Focus
.—’_7‘—‘__\

r Caused by density differences
| ; b tween mantle and outer core
P-Waves bend (Refrect)
H " Area Between 103-142 degrees
Ve o1 “”lT away from epicenter do not
@ receive P-VVaves
€ Area not receiving P-Waves is
in the Shadow Zone




P S-Wave Shadow Zone

~E.Q Focus

8 Caused by S-Waves not being

able to pass through the liquid
outer core

Lo \l||;t;|lt1 core. | ‘ S-Waves get absorbed b)/ the
Bl liquid outer core

Area 103 degrees in all

directions from epicenter do not
receive S-VVaves




Earthquake epicenter Key

g P-wave ————
S-wave ————

Seismic station records
both P and S waves
1057 v '

Seismic station records
no P or S waves

140°

Seismic station records
S-waye shadow 20" P waves only
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Underwater earthquakes may cause a
tsunami.













K. How to determine epicenter location

® | Seismic Station only tells you epicenter distance, not location

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

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

® Look to see where all 3 circles intersect (TRIANGULATION)

© . . . . .
® The 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
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3| M \The epicenter may be located anywhere along a
We have also determined that the epicenter is 1500 circle around the station with a radius of 1000

miles from seismograph station B miles

{ ] ‘ e 'i"h

B 1500 m/‘%

We have determined that the epicenter of the
earthquake is 1000 miles from seismograph

""‘ﬁ L station A
Three Seismograph Stations &7 ATLANTIC
- A OCEAN
/ m
{ SN g =

Gulifr of

Mexico ' : -

The Epicenter is located where the three circles
intersect

N
Our calculations have determined that the 3 Caribbean Sea h
V- epicenter is 2000 miles from station C ~
S
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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!!)

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

Je

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

e

® Origin Time-When the earthquake started

e

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 (P tt)
v P-wave ammival ime (Parr)
v Swave travel ime (Sy)
v S'wave armival time (Sarr)
v Lagtime (Parr - Sam

v Epicenter distance (Eds)




TRAVEL TIME (minutes)
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Earthquake P-wave and S-wave Travel Time
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How long does It take a
o-wave to fravel 5000
kme

8 minutes
20 seconds




TRAVEL TIME (minutes)
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Earthquake P-wave and S-wave Travel Time
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EPICENTER DISTANCE (x10° km)
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How far does an §-
wave fravelin 16
mMinutese

5,400 km
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Earthquake P-wave and S-wave Travel Time
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f an Earthauakes P-
Wave fravels 8000km
and Aamves at a seisMmic
station at 11:40am,
What s the ongin tme of
the Earthquaoke®e

11 Minute Travel Time

Origin Time-1129am




Earthquake P-wave and S-wave Travel Time

J  IfanEarthquokes P-Wave

amves af 12000m and

fravels 8000km, what Ttme

wil the SWave amvee

P-Wave Travel Time:

e e 00:09:20

S-Wave Travel Time:

00:17:00

- N Wk~ 01O N 0
l

Difference: 00:07:40
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EPICENE‘I:ER DISSTAN 10° krz) 8 ’ N “me d A"inI: 1 2:07:m




amval of Swave
10:1000am

N

amval of Pwave
100/7:40am

v Pc]rr =10:0/:40
‘/Scjrr =10:1000
vLog fime =000220
Y Epicenter dstance?




TRAVEL TIME (minutes)

Earthquake P-wave and S-wave Travel Time
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v Sar=10:1000
v chrr — ] 00740
v Lag time =0002:20
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We hat : Glso determined thaldheepicenter i o
[ from seismograph stafiéh B . B
i 1500 miles < ew:; v
‘\ ‘The epicenter may be Iocc% anywhere along a circle </ -
24 around the station with a.radius of /iﬂ miles :
O 3 Sf v ATLANTIC
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