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SIO15 2024: Topic 6 - Earthquake Hazards

https://geowiki.ucsd.edu/sio15

Topic 6: Earthquake Hazards

late add/missed test 1/HW1?
contact Prof. Laske immediately!

homework 2 online! 

SIO15 2024: Topic 6 - Earthquake Hazards

• fault plane: contact zone along which an EQ occurs
• fault: surface expression of fault plane 
• hanging wall: wall above fault plane
• foot wall: wall below fault plane
• hypocenter: earthquake location in 3D space
• epicenter: surface projection of hypocenter

foot wall

hanging wall

An Earthquake Along a FaultFig. 5.1
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earthquake size depends on
• rupture area within the fault plane
• slip (displacement), rupture length
• source duration

i.e. large EQs are
unlikely along short faults

h0: source depth

Fault Geometry and the Size of an EQFig. 5.1

SIO15 2024: Topic 6 - Earthquake Hazards

• strike (direction of surface trace)
• dip (dip of fault plane)

• rake (direction of motion of hanging wall)
• slip vector (motion of block)

hanging wall
foot wall

Parameters of an Earthquake Along a Fault
Fig. 5.2
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Factors Controlling Damage from EQs

SIO15 2024: Topic 6 - Earthquake Hazards

Factors Controlling Damage from EQs

• size/magnitude
• depth
• epicentral distance 
• EQ type
• EQ location

earthquake-related factors

{
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Factors Controlling Damage from EQs

• size/magnitude
• depth
• epicentral distance 
• EQ type
• EQ location

earthquake-related factors: EQ type

{ shallow-thrust EQs
have large 
accelerations
on tip of hanging wall

acceleration:
1g   -> houses temporarily suspended
>1g -> thrown upward

SIO15 2024: Topic 6 - Earthquake Hazards

Factors Controlling Damage from EQs
shallow thrust EQs Herat, Afghanistan

10/7/23   11:11 local – M6.3
10/7/23   12:50 local – M6.3
10/11/23  05:11 local – M6.3
Mercalli Intensity VIII (severe)
current death toll ~ 1300

village in Herat Province, Afghanistan

Source: wikipedia.org
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Factors Controlling Damage from EQs
shallow thrust EQs Herat, Afghanistan

10/7/23   11:11 local – M6.3
10/7/23   12:50 local – M6.3
10/11/23  05:11 local – M6.3
Mercalli Intensity VIII (severe)
current death toll ~ 1300

village in Herat Province, Afghanistan

Source: wikipedia.org
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Factors Controlling Damage from EQs
shallow thrust EQs

Great Mosque of Herat, Afghanistan

damage unknown
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Herat, why Reverse EQs?
Big Picture: plate collision -> convergent plate boundaries

mountain 
building
as result
of plate 
convergence
-> many 
(‘blind’) faults

SIO15 2024: Topic 6 - Earthquake Hazards

Factors Controlling Damage from EQs

• size/magnitude
• depth
• epicentral distance 
• EQ type
• EQ location

earthquake-related factors: EQ type and location

large, normal or reverse EQs
in the oceans can cause 
tsunami

{

strike-slip EQs do not cause tsunami … 
but … EQ -> landslide -> tsunami

tsunami caused by
²earthquakes
²landslides
²volcanic eruptions
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Bam, Iran 12/26/03; 5:26 local time

Mag. 6.6
at least 26,000 fatalities
displaced 90% of residents
destroyed  70% of modern city

Northridge, CA 01/17/94; 4:31 PST

Factors Controlling Damage from EQs

Source: wikipedia.org

• building code
• people’s routines

Mag. 6.7
72 fatalities
$12.5 billion damage
damaged major 
freeway

Fig. 1.x
earthquake-related factors: time of day

human factors
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Factors Controlling Damage from EQs

Northridge, CA 01/17/94; 4:31 PST
sedimentary basin

Mag. 6.7
72 fatalities
$12.5 billion damage
1g ground acceleration

Hawaii 10/15/06; 7:07 HST
volcanic island

Source: wikipedia.org

Mag. 6.7
0 fatalities
landslides on Hawaii
$200 Mio damage (61 buildings)
power outage on Oahu

Fig. 1.2 (study guide)
Fig. 6.1b

site-related factors: local geology
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Puebla, Mexico 19 Sep 2017 13:14 CDT
• local geology

Fig. 6.2b

Source: Wikipedia

Ø sedimentary basin/
ancient lakebed

Mag. 7.1
370 fatalities; 6011 injured
228 in Mexico City
damage intensity VIII
on anniversary of 1985 quake 
that killed 10,000 people

site-related factors
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Puebla, Mexico 19 Sep 2017 13:14 CDT
• sedimentary basins
• liquefaction

Source: Wikipedia

site-related factors

• shaken ground temporarily behaves like liquid
• enhances effects of rel. small EQs

liquefaction
watch video 6a
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Mw=7.1, Mexico City 19 Sep 2017 Fig. 6.2b

Source: Wikipedia

90% of destroyed buildings built 
BEFORE 1985

• population density
• building code

human factors
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Mw=7.6/7.7, Michoacán 19 Sep 2022

on anniversary of 1985, 2017 
Mexico City earthquakes

Mag. 7.6(7)
2 fatalities; 35 injured
damage intensity VIII
1-m tsunami
depth: 15.1 km
2000+ aftershocks 
(up to Mw 6.8)

earthquake preparedness
building codes
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Short Videos
liquefaction
watch video 6a

EQs and other disasters
watch video 6c

Earthquakes can 
trigger which other 
disasters?

SIO15 2024: Topic 6 - Earthquake Hazards

Poll

earthquakes do not 
trigger hurricanes!
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Sumatra-Andaman 26 Dec 2004
• Mw=9.1; 10m tsunami 
• 3rd largest EQ in 100 years
• > 240,000 fatalities
• in ocean, along subduction zone

Tsunami
Tohoku 11 Mar 2011
• Mw=9.0; 40m tsunami 
• 4th largest EQ in 100 years
• < 20,000 fatalities
• in ocean, along subduction zone

Fig. 6.11 Fig. 6.13

source:Wikipedia
source:Wikipedia
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SIO Pier Dec 27 and Dec 29 2006

shallow-water waves
(Depth < l/20)
particle motion elliptical

Ocean Wind Waves

deep-water waves
(Depth > l/2)
waves do not sense bottom
particle motion circular

v = l/T or v=g T/(2p)

Chapter 6
(incomplete)

wave height depends on 
• wind speed
• duration of wind
• fetch

l=wavelength
… from cm 
to n100 m
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• 720-800 km/h!!!
• not noticeable at sea
• built up coming on shore ( >10m)
• 15 min between peak and trough

Tsunami

v=√10ms-2•4000m=200m/s=720km/h

Fig. 6.17

• caused by submarine EQs with
vertical displacement

• extremely long wavelength 
(200 km)

• shallow-water waves -> speed
depends on water depth D
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Mw=9.5 May 22, 1960; Valdivia, Chile

Fig. 6.15

Parking Meters in Hilo, HI

11m in Hilo
10,000 km from Chile
61 fatalities in Hilo; $24 Mio damage

it takes about 14h for tsunami 
to travel from Chile to Hawaii
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Pacific-Wide Tsunami Warning System
Fig. 6.23

• established in 1948
• Hilo: 1946: 159 fatalities 
• 1960: 61 fatalities
• 1964 Alaska: 

last EQ with Pacific-wide fatal tsunami
….. until 11 March 2011 

Ø people ignore warning
Ø people forget what to do

SIO15 2024: Topic 6 - Earthquake Hazards

Source: NOAA

Øpartial warning system
Øcritical components missing
Øsporadic tsunami history
Øpoor tsunami education

Tsunami Warning: Indian OceanFig. 6.20

26 December 2004 Sumatra-Andaman Tsunami
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2004 Sumatra-Andaman Tsunami

link for previous page:
https://upload.wikimedia.org/wikipedia/commons/thumb/4/47/2004_Indonesia_Tsunami_Complete.gif/250px-
2004_Indonesia_Tsunami_Complete.gif

SIO15 2024: Topic 6 - Earthquake Hazards

• size of tsunami depends on EQ size but also local coast
• tsunami: not a single wave but many waves for hours and hours!
• first wave may not be biggest!!

Source: NOAA

Some Facts on TsunamiFig. 6.20

26 December 2004 Sumatra-Andaman Tsunami
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Some Facts on Tsunami

Background info:
27 March 1964 Good Friday Alaska EQ
12 fatalities in Crescent CitySource: NOAA/wikipedia

Fig. 6.19

size of tsunami
also depends on bathymetry

Crescent City, CA

11 March 2011 Tohoku, Japan Tsunami

SIO15 2024: Topic 6 - Earthquake Hazards

Poll
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Poll

SIO15 2024: Topic 6 - Earthquake Hazards

29 September 2009
Samoa TsunamiSource: NOAA

Ø watch tide calendar
Øflee when low tide suspicious
Ø you have at least 15min

Ø flee when there was an EQ and
you are within 1mi of beach

Ø you have at least 15min

If you felt an EQ

If EQ was distant

Tsunami Preparedness

stay away from beach for many hours!!!

Fig. 6.24
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Samoa Tsunami Observed at Crescent City Tide Gauge

Samoa, 29 September 2009 Tsunami

SIO15 2024: Topic 6 - Earthquake Hazards

Tsunami

2010 Tsunami Warning and Preparedness Report by NRC (9/27/10 LA Times)
“since 2004 NOAA improved ability to detect and forecast tsunami”
“many coastal communities in U.S. still face challenges in responding to a tsunami
that arrives less than 1h after triggering event”
“tsunami rare enough to give false sense of security”
“if source is close to shore [only minutes to tsunami] public needs to recognize natural cues”
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Image: Earthquake Engineering Research Center Library, UC Berkeley

Liquefaction
• shaken ground temporarily behaves like liquid
• enhances effects of rel. small EQs

• 16 Jun 1964, Niigata, Japan
• Magnitude 7.6
• houses built to code

SIO15 2024: Topic 6 - Earthquake Hazards

Liquefaction – SIO 15 Beachwalk
• shaken ground temporarily behaves like liquid
• effect worse when sediments water-saturated
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•Mission Bay
•Lindbergh Field
•North Island

magnitude 6.5 possible
in San Diego!!

Liquefaction Risk in San Diego
• shaken ground temporarily behaves like liquid
• effect worse when sediments water-saturated

SIO15 2024: Topic 6 - Earthquake Hazards

17 Oct 1989 Loma Prieta Earthquake 

images: Wikipedia

5:04 pm local time
ØMw=6.9
Ø63 fatalities/$6 Billion damage
Øtelevised (World series game)
Øliquefaction in Marina District
Øoblique slip; small tsunami in 

Monterey Bay
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Alaska Good Friday Earthquake, 1964
• liquefaction in Turnagain Heights

Liquefaction
sometimes even on 
“solid” ground

Image: S. Marshak “Earth, Portrait of a Planet”, Fig. 10.30b

SIO15 2024: Topic 6 - Earthquake Hazards

Liquefaction
can also happen on seemingly solid ground:
• weak layer (e.g. sand) near top
• weak layer below hard layer (clay) 

Image: S. Marshak “Earth, Portrait of a Planet”
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• sand or mud volcanoes

Liquefaction

• 28 May 2006 Lusi, Indonesia mud volcano
• displaced 30,000 people
• will go on for decades
• trigger: EQ or gas drilling?

Image: S. Marshak “Earth, Portrait of a Planet”

• liquefaction of lower layer
• upper layer cracks
• lower layer “erupts” through 
cracks

SIO15 2024: Topic 6 - Earthquake Hazards

Mw=7.7
strike-slip earthquake
mountain belt

remote area
Ø350 fatalities
ØGwadar mud volcano through 
liquefaction

Liquefaction - 24 Sep 2013 Pakistan Earthquake 
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Liquefaction - 24 Sep 2013 Pakistan Earthquake 

image: NASA Earth Observatory

image: YAHOO

before-after Landsat-8 images

SIO15 2024: Topic 6 - Earthquake Hazards

Image: S. Marshak “Earth, Portrait of a Planet”

14 Jan 1994 Northridge
• landslides
• airborne dust -> valley fever

Earthquakes and other Disasters

YouTube movie

Easter Sunday 2010
El Mayor earthquake
• airborne dust
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• fire!!!!
• ruptured gas lines
• infrastructure cut off

April 18, 1906, San Francisco

Image: S. Marshak “Earth, Portrait of a Planet”

Earthquakes and other Disasters

book chapter 1 study guide

book chapter 5
Short video 6c

SIO15 2024: Topic 6 - Earthquake Hazards

source: wikipedia.org

• volcanic eruptions (Mt. St. Helens, 1980)
May 22, 1960 Valdivia, Chile EQ

May 24- July 22, 1960 
Eruption of Puyehue-Cordon Caulle Volcanoes  

Earthquakes and other Disasters

-very large EQs may trigger volcanism far away (Rayleigh waves!)
(2002 Denali EQ/Yellowstone; 2004 Sumatra/Alaska volcanoes)

book chapter 5
Short video 6c

dynamic triggering
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source: wikipedia.org

• minor damage by EQ
• 15m tsunami hit 50 min later
• power outage led to 
overheating/explosions at
reactors (full meltdown)
• largest nuclear reactor disaster
since Chernobyl 1986

11 March 2011 Tohoku, Jana EQ

Disaster at Fukushima-Daiichi Nuclear Power Plant 

Earthquakes and other Disasters

boiling water reactors
built by GE
designed for         0.45 g
EQ acceleration:  0.56 g

10mSv/h= 10,000 x normal for big city

SIO15 2024: Topic 6 - Earthquake Hazards

Earthquakes and Power Outages

• lack of cooling -> food spoilage, industrial accidents
• no traffic guidance
• no landline phone connection with cordless phones
• loss of cell phone coverage
• no gas pumps
• no water pumps -> water contamination -> diseases
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• fire
• floods
• landslides
• volcanic eruptions
• diseases
• pollution/radiation
• POWER OUTAGE

Earthquakes and other Disasters


