
Where do the world’s earthquakes occur?

What kinds of plate boundaries? What kinds of faults?



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

90% world’s earthquakes

81% of world’s largest earthquakes

Explosive volcanism



Thrust (reverse) faulting

Convergence

Subduction

zone

earthquakes

most

common



Where do the world’s earthquakes occur?

What kinds of plate boundaries? What kinds of faults?



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

SUBDUCTIO
N







Structural

Damage



Road Damage



Food

Distribution



Infrastructure

Impacts



Hilo, 1946…triggered by Alaskan earthquake



What happens during a subduction earthquake?



What happens during a subduction earthquake?

What type of

deformation

does each of

these phases

represent?



Great subduction

earthquakes in the 

Pacific Northwest



Peat

Tidal Mud

Tsunami Sands

Peaty soil

Evidence for great subduction quake



What 

happened

to these 

trees?



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)



What happens during a strike-slip earthquake?



What type of

deformation

does each of

these phases

represent?



Izmit

Turkey

1999



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 foundations - Niigata, 1964





The first seismograph (Chinese)

Central pendulum

knocks ball from

mouth of dragon

into mouth of frog

towards direction 

of epicenter



Modern

Seismograph



A
B

What’s the fastest way to get

from point A to point B?



3 different types of seismic waves:

Body waves (travel through Earth):

1) Primary waves (P-waves)

2) Secondary waves (S-waves)

3) Surface waves (travel across surface)







Fissuring

(horizontal motion)







Damage from flexure (vertical motion)







First P-waves

    First S-waves

Surface Waves





Triangulation

Overlapping

distance

calculations

from 3 points





Shensi, China





Loess – wind-transported glacial flour

Terracing in 

Shensi province



Yaodong – 

cave dwellings

built into 

loess soils,

collapsed

Shensi China

Earthquake, 1556

830,000 killed



How do you measure the intensity of an earthquake?



How do you measure the intensity of an earthquake?

Created by Guiseppe Mercalli in 1902

What’s wrong with this scale?



What happened to this building, Mexico City, 1985?



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



Anchorage, Alaska 1964, Richter magnitude 8.3

Differences in construction not important to magnitude calculationDifferences in construction not important to magnitude calculation



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

Moment magnitudeMoment 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) (Modified) Mercalli Intensity Scale

can’t account for differences in construction,

population density, rock types

2) Richter Magnitude Scale (ML)

can’t distinguish largest earthquakes

3) Moment Magnitude Scale (MW)

best tool for determining earthquake energy



What happens 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 killed killed

MMWW 9.0 Earthquake 9.0 Earthquake





Strain release causes

earthquake



Why are tsunami waves so dangerous?



Drawdown precedes tsunami - Thailand





Phuket, Thailand



Sumatra, Indonesia



Aceh, Indonesia



Hawaii is isolated

Good for advance warning



What are the piles of debris on the seafloor from?

??

??







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



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



Magnitude 8.0 quake in Solomon Islands triggers tsunami



What’s left?

Exam III Review: Thursday April 5, 6-8pm, POST 723

Friday April 6 - HOLIDAY

Tuesday April 10 - Exam III

1) Extra credit opportunity - up to 5% of final course grade

2) 5 in-class activities / homeworks

3) Final exam (not cumulative)

Optional field trip to Kilo Moana research vessel

Tuesday May 1, 12-3pm, transportation provided



Magnitude 8.0

Subduction zone

earthquake

Pacific, Woodlark

Australian plates



26 >5.0 magnitude shocks so far




