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Causes of Earthquakes

AWhat is an earthquake?
ne trembling or shaking of

I An earthquake is t

the ground causeo
energyf r om

t he
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Accompany ...




1. Volcanic Eruptions




2. Explosions




3. Crustal movement along faults




Causes of Earthquakes



A. Elastic Rebound Theory

A Sudden release of
progressively stored strain
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ATectonic forces act on a rock over a
long period of time

ASt ored energy exceed

A Rock suddenly breaks, causing an earthquake

Earthquake




lorizontal Displacement

Trees in an orchard, 1979, El Centro, CA




B. Faults

C The most common source of earthquakes felt
by people

AFault moti onigs
necessarily break the
surface.

I Recent California
earthquakes are related
to buried thrust faults.

Eastern U.S. earthquakes
have no surface
displacement

A Faults cause hazards.

Scarp caused by the Denali fault earthquake
in Alaska, November 3, 2002



C. Weak Fault Model Theory

A New theory that faults are weak and only
need small stress to cause and
earthquake.

A Conflicts with traditional theory that faults
are strong and very large stress Is
necessary to break rocks.



D. Mineral Transformation Theory

A Cause of deep quakes associated with
subduction
A Explains how cold, subducting rock breaks

I Under high temperature and pressure it
should behave in a ductile manner.

A Pressure causes minerals to collapse into
denser forms along fractures



Seismic Waves

Vibrations caused by energy
released by an earthquake



A. Origin
1. Focus

a. Also called the hypocenter
b. The point of _ Or'gIN  of an earthquake

c. The center of an earthquake
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Fault scarp

d. Seismic waves /Fault fracs

radiate outward
e. Intensity is greatest
near the focus

_ Epicenter
fFocus <

Seismic
waves

Fault planem




enter

n Eart hds surf ac
the location of greatest damage
enter of an earthquake
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3. Depth of Focus

A Also called the focal distance or hypocenter distance.
a. The distance between the focus and _€picenter
b. Maximum depth is about 670 km

AShallow Focus: 17 70 km deep

- ) -Hill Companies, "i;' Paeraislstioggu;e;greproducnonordnsplay
Antermediate Focus: 701 350 km deep Eault trace
MDeep Focus: 2301 670 km deep
Focal
distance
Seismic

waves
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1. Body Waves

a. Seismic waves that travelwithinEar t h «
subsurface

b. Two types of Body Waves



P - Wave (Primary Wave)

(@ _Compressional Wave

(b) Rock particles vibrate back and forth __parallel  to the
direction of wave propagation.

(c) Travel very fast (4 to 7 km/sec (9,000 to 15, 000 mph) and is the
first to reach a recording station following an earthquake

(d) Can travel through _all three phases  of matter.
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. S -Wave (Secondary Wave)

(@) __lransverse Wave generated by shearing motion.

A Rock particles vibrate at right angles to the direction of wave
propagation.

A  Travels _Slower thana P Wave (2 to 5 km/sec.)

A

Easily travels through solid rock but will not be transmitted through
fluids (liquids and gases)

; Particle motion _
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2. Surface Waves

a. The slowest waves generated by
earthquakes

b. Responsible for more __damage
because they:

I. produce more ground movement
Il. travel more slowly than body waves




| Love Waves

Side-to-side motion
Direction of Love wave
propagation

(@) No __vertical displacement

(b) Ground moves ____side to side  in a horizontal plane at
right angles to the direction of wave travel.

(c) The horizontal movement is responsible for knocking buildings off
their foundations and for the destruction of highway bridge supports.

(d) Do not travel through water.




i. Rayleigh Waves

Direction of Rayleigh wave
propagation

(a) Behave like rolling ocean waves

(b) Ground moves inan __elliptical path opposite the direction the wave
passes (unlike ocean waves where the elliptical movement is the other
way)

(c) )The cause great ground movement and are slower than Love waves. As a
result, they are very destructive to buildings.




A. Instruments Used to Measure Seismic Waves
1. Seismometer

RIS Setsmographs
in Schools
A Heavy weight
suspended from a
frame by springs
I Remains motionless
due to inertia
I Point of reference for
ground motion
A Can measure vertical

or horizontal motion

—_ Program
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A Atrest

eter that can record ground vibrati

d is usually a squiggly line drawn o
per.
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Weight stays
at same level
while the
ground moves

B Ground moves up C Ground moves down



raph for Horizontal
Motion
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Revolving, paper- _
covered drum Wire

Heavy weight

Ground
movement

A




Seismogram

r record of the vibrations
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surface wave




Determining Earthquake Locations

1. A minimum of three separate
locations Is required.

2. For each location . . .
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Find the Distance to the
Epicenter for Each Locatlon

—r -—h N N
o (&) o (&)

Travel time since the earthquake occurred (minutes)
(&)
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Sstruction of Circles Arc
Each Location
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Finding Epicenters Animation

A http://highered.mcgraw-
hill.com/sites/dl/free/0073135151/90798/1
6 08.swf



http://highered.mcgraw-hill.com/sites/dl/free/0073135151/90798/16_08.swf
http://highered.mcgraw-hill.com/sites/dl/free/0073135151/90798/16_08.swf
http://highered.mcgraw-hill.com/sites/dl/free/0073135151/90798/16_08.swf
http://highered.mcgraw-hill.com/sites/dl/free/0073135151/90798/16_08.swf

ing Distance to the Epice

Earthquake P-wave and S-wave Travel Time
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ing Distance to the Epice

Earthquake P-wave and S-wave Travel Time
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EPICENTER DISTANCE (x10° km)
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TER DISTANCE (x10° km)
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ing Distance to the Epice

Earthquake P-wave and S-wave Travel Time

arrival
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Find the Distance to the Epicenter

A The 1st P-wave arrived at 08:06:10

A The 1st S-wave arrived at 08:12:00
I Find the difference In arrival times

Hrs. min. sec.

11 60 1. Borrow one minute for the
08: . seconds column.
2. Remember that this is equal
—(08:06:10 to 60 seconds.

00:05:50
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ing Distance to the Epice

Earthquake P-wave and S-wave Travel Time
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ding Distance to the Epice

Earthquake P-wave and S-wave Travel Time
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Measuring Earthquake
Magnitude

(Intensity)



Il

V.

Vi,

Vi,

ydified Mercalli

Scale

asSur es

Modified Mercalli Intensity
Scale of 1931 (Abridged)

Not felt except by a very few under especially favorable
circumstances.

Felt only by a few persons at rest, especially on upper floors of
buildings. Delicately suspended objects may swing.

Felt quite noticeably indoors, especially on upper floors of
buildings, but many people do not recognize it as an
earthquake. Standing motor cars may rock slightly. Vibration like
passing of truck. Duration estimated.

During the day felt indoors by many, outdoors by few. At night
some awakened. Dishes, windows, doors disturbed; walls made
cracking sound. Sensation like heavy truck striking building.
Standing motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows,
etc., broken; a few instances of cracked plaster; unstable objects
overturned. Disturbance of trees, poles, and other tall objects
sometimes noticed. Pendulum clocks may stop.

Felt by all; many frightened and run outdoors. Some heavy
furniture moved; a few instances of fallen plaster or damaged
chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings of
good design and construction; slight to moderate in well-built
ordinary structures; considerable in poorly built or badly
designed structures; some chimneys broken. Noticed by
persons driving motor cars.

t he
ople and buildings

VIIL

Xl.

XIl.

effectt h (

Damage slight in specially designed structures: considerable in

ordinary substantial buildings with partial collapse; great in
poorly built structures. Panel walls thrown out of frame
structures. Fall of chimneys, factory stacks, columns,

monuments, walls. Heavy furniture overturned. Sand and mud

ejected in small amounts. Changes in well water. Persons
driving motor cars disturbed.

Damage considerable in specially designed structures; well-

designed frame structures thrown out of plumb; great in

substantial buildings, with partial collapse. Buildings shifted off
foundations. Ground cracked conspicuously. Underground pipes

broken.

Some well-built wooden structures destroyed; most masonry
and frame structures destroyed with foundations; ground badly
cracked. Rails bent. Considerable landslides from river banks

and steep slopes. Shifted sand and mud. Water splashed
(slopped) over banks.

Few, if any, (masonry) structures remain standing. Bridges
destroyed. Broad fissures in ground. Underground pipelines

completely out of service. Earth slumps and land slips in soft

ground. Rails bent greatly.

Damage total. Waves seen on ground surface. Lines of sight

and level distorted. Objects thrown upward into the air.

From Wood and Neumann, 1931, Bulletin of the Selsmological Soclety of America
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2. Richter Scale

A 19357 Charles Richter
A Numerical open-ended scale

A Difference of two consecutive
numbers

I 10X increase of vibration
amplitude

I 32X Increase in energy

Understanding the Richter Scale

Feels like EG of TNT Extra Information

Richter Magnitude

0-1

0.6 -20 kilograms
of dynamite

We can not feel these.

800 kilograms of
dynamite

Smallest quake people
can normally feel.

20,000 kilograms of
dynamite

People near the
epicenter feel this
quake.

60,000 kilograms of
dynamite

This will cause damage

around the epicenter. It

is the same as a small
fission bomb.

20,000,000 kilograms
of dynamite

Damage done to weak
buildings in the area of
the epicenter.

60,000,000 kilograms
of dynamite

Can cause great
damage around the
epicenter.

20 billion kilograms of
dynamite

Creates enough energy o
heat Mew York City for one
year. Can be defected all
over the world. Causes
serious damage.

20 billion kilograms of
dynamite

Causes death and
major destruction.
Destroyed San
Francisco in 1908.

O 0 N O O A~ W M

20 trillion kilograms of
dynamite

Rare, but would causes
unbelievable damage!

ABased on the Wood-Anderson seismograph

at 100 km from the epicenter
ABased on shallow focus earthquakes in CA
AMaximum reported magnitude is 8.6




3. Seismic Moment Scale (Moment Magnitude)

A Currently used to determine an
eart hqguakeoOs magnit uc

A Based on:
I length of the fault rupture
I surface area of the rupture
I amount of rock displacement
I tensile strength of the rock

A The media often still uses Richter Scale
for this method
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Comparison of Earthquake Magnitude, Description, Intensity, and Expected Annual World Occurrence

Richter Maximum Expected Mercalli Annual Expected
Magnitude Description Intensity at Epicenter Number

2.0 Very minor | Usually detected only by instruments 600,000

2.0-2.9 Very minor I-1I Felt by some indoors, especially on upper floors 300,000

3.0-3.9 Minor Il Felt indoors 49,000

4.0-4.9 Light IV=V Felt by most; slight damage 6,200

5.0-5.9 Moderate VI-VII Felt by all; damage minor to moderate 800

6.0-6.9 Strong VII-VIII Everyone runs outdoors; moderate to major damage 266

7.0-7.9 Major IX=X Major damage 18

8.0 or higher Great X-XII Major and total damage 1or2

Source: U.S. Geological Survey



Moment Magnitude
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Energy release

Magnitude (equivalent pounds of explosive)
Earthquakes Energy equivalents
1 S —
0 Chile (1960) 120,000,000,000,000
12/26/04 N. Sumatra

o 3/11/11 Honshu, Japan; Alaska (1964) f.4 —— 4,000,000,000,000
Great earthquake: ) dalisinl i
near total destruction i iaciil KA S Krakatoa eruption

_| massive loss of life OW. WMaana, World's largest nuclear test (USSR) B

® 7T Major earthquake: San Francisco, CA (1906) ¢ ° & Mount St. Helens eruption 120,800,000,000
severe economic impact Guijarat, India (2001)
larae loss of life Loma Prieta, CA 1989}

7 ‘a9 Charleston, SC (1886) $-20 —— 4,000,000,000
Strong earthquake: Kobe, Japan (1995)
damage ($ billions) Northridge, CA (1994) ’ : ;
loss of life Hiroshima atomic bomb

6 —+ 200 —— 120,000,000
Moderate earthquake:
broperty damags Long Istand, NY (1884)

e 2,000 —— 400,000
Light earthquake: Average tornado
some property damage

4 —— 12,000 —— 120,000
Minor earthquake:
felt by humans Large lightning bolt

3 100,000 Oklahoma City bombing —+— 4,000
Rarely felt World Trade Center collafse
by humans Moderate lightning bol

21— 1,000,000 — 120

o /\,umber of earthquakes per year (wOrIdwide)\_‘







Largest Earthquakes in the World Since 1900

Location Date UTC Magnitude Lat. Long.

=l
i
=
o

1960 05 22 954 -38.29 -73.05

2. Prince William Sound. Alaska 1964 0328 92 61.02 -147.85
3. Off the VWest Coast of Nodhern Sumatra 2004 1226 9.1 3.30 9578
4. Mear the East Coast of Honshu. Japan 2000311 9.0 38.322 142 369
5. Kamchatka 19521104 90 52.76 160.06
6. Offshore [Maule, Chile 20100227 8.8 -35.846 72719
7. Off the Coast of Ecuador 1906 0131 &8 1.0 -81.5

8. Rat Islands. Alaska 19650204 87 51.21 178.50
9. Morthern Sumatra. Indonesia 20050328 &6 208 97.01

10.  Assam - Tibet 195008 15 8.6 285 86.5
11. Off the west coast of nothern Sumatra 2012 04 11 36 2311 93 063
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seismic Hazarc
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New York
San Francisco '8

Los Angeles .

Charleston

Ground Shaking
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Minor Moderate Major







A. Ground Motion

Ahe trembling and shaking of Earth
Arhe cause of building failure

Copyright © The McGraw-Hill C: ies, Inc. Permission required for rep
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lzmit, Turkey (1999)

Kobe, Japan (1995)



Building Failure
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Gurarat, India (2001)

Taiwan, 1999



