
Where are most of the world’s earthquakes?
A) Divergent, B) Convergent, C) Transform, D) Hotspot, E) Intracontinental



Convergent boundaries Convergent boundaries –– ““Ring of FireRing of Fire””

90% world’s earthquakes
81% of world’s largest earthquakes
Explosive volcanism



Where do the world’s earthquakes occur?

90% within Ring of Fire (convergence)
Thrust (reverse) faults

5-6% within Alpine-Himalayan belt (convergence)
Thrust (reverse) faults

<4% along Mid-Atlantic Ridge (divergence)
Strike-slip (transform) faults

SUBDUCTION



New Madrid Seismic
Zone

1) 12/16/1811 M 7.2-8.1

2) 1/23/1812 M 7.0-7.8

3) 2/4/1812 M 7.4-8.0



Quake
Effects



10/16/200610/16/2006
M 6.7M 6.7



Structural
Damage



Infrastructure
Impacts



Road Damage



Food
Distribution



How much does
lava weigh?





A B

What’s the fastest way to get
from point A to point B?



A B

3 different types of seismic waves:

Body waves (travel through Earth):

1) Primary waves (P-waves)

2) Secondary waves (S-waves)
(cannot travel through liquid)

3) Surface waves (travel across surface)

FAST

SLOW







Fissuring
(horizontal motion)







Damage from flexure (vertical motion)









Triangulation

Overlapping
distance
calculations
from 3 points



How do you measure the intensity of an earthquake?

Richter
Magnitude

Scale
(1935)

Uses
amplitudes of 

waves recorded 
on 

seismographs
and distance

from epicenter

10x increase in 
wave amplitude
32x increase in 
energy released



A B

What’s the fastest-moving seismic wave?

A) Primary Wave (P-wave)
B) Body Wave
C) Secondary Wave (S-wave)
D) Surface Wave
E) Sound Wave





The first seismograph (Chinese), 132 AD

Central pendulum
knocks ball from
mouth of dragon

into mouth of frog
towards direction 

of first motion



Modern
Seismograph



First P-waves

First S-waves

Surface Waves





Triangulation

Overlapping
distance
calculations
from 3 points



How do you measure the How do you measure the intensityintensity of an earthquake?of an earthquake?

A)A) Buildings collapsingBuildings collapsing
B)B) What humans feel physicallyWhat humans feel physically

C)C) Seismic wave amplitudeSeismic wave amplitude
D)D) Area of fault rupture, rock typeArea of fault rupture, rock type

E)E) Tsunami generationTsunami generation



1) Modified Mercalli Intensity Scale

Created by Guiseppe Mercalli in 1902

What’s wrong with this scale?



Anchorage, Alaska 1964, Richter magnitude 8.3



How do you measure the intensity of an earthquake?

2) Richter
Magnitude

Scale
(1935)

Uses
1)1) amplitudes of 
waves recorded 

on 
seismographs
and 2)2) distance
from epicenter

10x increase in 
wave amplitude
32x increase in 
energy released



San Francisco 1906
Anchorage 1964

Both 8.3 on Richter Scale



Rupture area important to
total energy released

by earthquake



How do you measure the intensity of an earthquake?

Richter magnitude (ML) can’t distinguish largest quakes

3) Moment magnitude3) Moment magnitude (MW) measures:

1) Average displacement along fault

2) Area of rupture surface

3) Shear strength of faulted rock

To give an accurate measure of 
earthquake energy



Anchorage, Alaska 1964, Richter magnitude 8.3, Moment magnitude 9.2
San Francisco, 1906, Richter magnitude 8.3, Moment magnitude 7.8

High population density 
Poor earthquake infrastructure

164 killed164 killed

~3,000 killed~3,000 killed



How do you measure the intensity of an earthquake?

1)1) (Modified) Mercalli Intensity Scale

can’t account for differences in construction,
population density, rock types

2)2) Richter Magnitude Scale (ML)

can’t distinguish largest earthquakes

3)3) Moment Magnitude Scale (MW)

best tool for determining earthquake energy



What type of
deformation
does each of
these phases

represent:

Ductile

or

Brittle?

What happens during a strike-slip earthquake?



Izmit
Turkey
1999
M7.6



North Anatolian Fault resembles San Andreas Fault



Progressive Rupture
Pattern



Why do some
structures
survive?



Why did these buildings fall over?



How do these form?



Loosely packed
grains form

slurry during
earthquake

LIQUEFACTION

After earthquake
they settle
into more 
compact

configuration



Liquefaction undermines foundation – Mexico City, 1985



What happens during a subduction earthquake?

What type of
deformation
does each of
these phases

represent:

Brittle

or

Ductile?



Great subduction
earthquakes in the 
Pacific Northwest

“Great” = M8.0 +



What 
happened
to these 
trees?



Peat

Tidal Mud

Tsunami Sands

Peaty soil

Evidence for great subduction quake



Subsidence/tsunami bury
old coastline



Last great subduction quake
in Cascadia occurred in 1700

(M 9.0, tsunami in Japan)

Recurrence interval ~500 yrs
(13 previous events, 300-900 year spacing)



During a subduction earthquake…

What triggers
the tsunami

wave?



Shock wave propagates based on water depth



depth   , wavelength   , velocity   , wave height



depth   , wavelength   , velocity   , wave height



Jaws, MauiJaws, Maui



Indonesian TsunamiIndonesian Tsunami
December 2004December 2004
283,100283,100 killedkilled

MMWW 9.0+ Earthquake9.0+ Earthquake



Strain release causes
earthquake/tsunami





Why are tsunami waves so dangerous?



Drawdown precedes tsunami - Thailand



What should you do when you observe beach drawdown?
A)Go investigate, B) Pick up dying fish, C) Sunbathe

D) Get ready for big surf!  E) Run uphill as fast as you can



Phuket, Thailand



Sumatra, Indonesia



Aceh, Indonesia



Hawaii is isolated
Good for advance warning



Hilo Tsunami, 1946 - triggered by Alaskan quake - 170 dead



1837, 1841, 1868, 1869, 1877, 1883, 1906, 1918, 1923, 1933, 1946, 1957, 1960
Locally-generated damaging tsunami in 1868, 1872, and 1975



Hilo Tsunami, 1960 - triggered by Chile quake - 61 dead
200 dead in Japan



Pacific
Tsunami
Warning
Center

Founded
1949



What are the piles of debris on the seafloor from?

??

??



Nuuanu / Wailau
Landslides

Bisected
Oahu / Molokai



Alika Slide, 120,000 years ago - Tsunami 1,600 feet high!





Hilina Slump

Slump rate =
4 inches/year

Catastrophic
landslide
would trigger
M 9.0 quake,
300m high
tsunami



In the next big Hawaii quake, don’t wait for tsunami warning!

Landslide debrisLandslide debris

Landslide debrisLandslide debris


