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« 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
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* rupture area within the fault plane g
: * slip (displacement), rupture length
* source duration

= i.e. large EQs are
— unlikely along short faults =2

* dip (dip of fault plane)

K rake (direction of motion of hanging wall)
& « slip vector (motion of bloc
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Foc’rrs Cn’rroli mo f‘om EQS

eOrThquake—reloe factors

* size/magnitude

e depth

e epicentral distance
* EQ type
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~Factors ControllingiDamage ffona EQs

eThquoke—reloTed factors: EQ type

. size/gni’rud

* depth

* epicentral distance :

* EQiype | shallow-thrust EQs
EQ locatio = | have large

oéucre/eroﬁon:
lg ->houses temporarily suspended
= >1g ->thrown upward

c 6 - Earthquake Hazards

FACTOrS Con’rrollin Damage fiomiEQ

= = s e
] = Herat, Afghanistan
|shallow thrust EQs e 10/7/23 11:11 local— M6.3
= P 10/7/23 12:50 local - Mé.3

- &= 10/11/23 05:11 local - Mé.3

Mercalli Intensity VIII (severe)
currenTideofh toll ~ 1300




10/2/24

Foc’rors Con’rrolllng Damage fr_Qm EQS

shollow Thrus’r EQS

Herat, Afghanistan

10/7/23 11:11 local— Mé.3

10/7/23 12:50 local— Mé6.3

10/11/23 05:11 local — Mé6.3
Mercalli Intensity VIII (severe)
current death foll ~ 1300

B Creat Mosgue of H

SlOi 5 2024 TOplC = Ecrthquoke Hazards

damage unknown ==
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: Herar, why Reverse EQse

B|g PlcTure plcTe co|I|S|on -> convergem plo‘re boundomes

| convergence
: -> many
i (‘blind’) faults

size/magnitude
depth

epicentral distance
EQ type

EQ location

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

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




Faciors ConirollinglDamage fiom EQs

§ earfhquake-related factors: time of doy'

at least 26,000 fatalities 72 fatalities
displaced 90% of residents $12.5 bilion damage

destroyed 70% of modern city damaged major
= tEE — freeway

; _hUmO_” fo»c’ro = . -_b.UiIEj-ing code

, — = =2 o, 2 .—,]. (] 2 ‘\
SIO15 2024: Topic 6 - Earthquake Hazards & - Vpeople 3 rOUT.LDeS =

Faciors Conirolling Damage itomiEQS

site-related factors: local geology ’ |

& Hawaii 10/15/06; 7:07 HST Northridge, CA 01/17/9
& volcanic island B sedimentary basin

Fig. 1.2 (study guide)
~

i 0 fatalities

¢ landslides on Hawaii = 72 fatalities

: $200 Mio damage (61 buildings) = $12.5 billion damage

i power outage on Oahu : 1g ground acceleration

SIO]5 2024: Topic 6 - Earthquake Hazards ¢ =

Source: wikipedia.org
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Puebla, Mexico 19 Sep 2017 155114 CDT

B —PaaSes iz

site-related factors * |ocal geology.

370 fatalities; 6011 injured
228 in Mexico City

damage intensity VIII

on anniversary of 1985 quake
that killed 10,000 people

Source: Wikipedia

Puebla, Mexico 19 Sep 2017 138514 CDT

E=PaSS s B

site-related factors » sedimentary basins

= - liguefaction 3
&"\

» shaken ground temporarily behaves like liquid
N enhonces effecTs of rel smoll EQs

i 5 ——
(Rp—

T

Source: Wikipedia



MwW=7.1, Mexico Ciny: 19 Sepr20]
e 1
D . population density
* building cod

) &

4 90% of destroyed buildings built
BEFORE 1985 :

Source: Wikipedia

Mw=7.6/7.7, Michoacan 19 Sep 2022

(Menico City
o 0

" -
MICHOACAN wll?uqbﬂl!)
2022 Michoacan £Q Q Q‘il'u Mexico City 1Q
oo / PULRAL )

earthquake preparedness
building codes

Mag. 7.6(7)
2 fatalities; 35 injured

?Omfge intensity Vi on anniversary of 1985, 2017
-m 1sunami 9 A

Tye 4 MO Mexico City earthquakes
2000+ aftershocks

(up to Mw 6.8) s g0, uoun 3w et ccCOCOS Plate

Image Lanérat / Cope

Data LDEO- Cobimbia. NS%, MOAA Goog|e Earth

imagery Date: 12MNDONS  lat 20.337533¢ lon -94.008204% elev -D037 ft  eve alt 195173 mé
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— Er’rhquo es can
= B frigger which other
g disasterse

Which of these disasters can be triggered by an earthquake?

earthquakes do not
B frigger hurricanes!

10/2/24
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Fig. 6.11 sUnami

& Sumatra-Andaman 26 Dec 2004
& e Mw=9.1; 10m tsunami
& » 3rd largest EQ in 100 years
& - > 240,000 fatalities
* in ocean, along subduction zone

| SI015 2024: Topic 6 - Earthquake Hazards =

Tohoku 11 Mar 2011
e Mw=9.0; 40m tsunami

* 4th largest EQ in 100 years
» < 20,000 fatalities

* in ocean, along subduction zone |

SIO Pier Dec 27 and Dec 29 2006

Ocean ind Wove

Chapter 6
~_(incomplete)

e

wave height depéinds on
» wind speed
* duration of wind

V-feTch : ==

= deep-water waves

=== \-wavelength |
=== fromcm

ton100 m

(Depth > A/2)
waves do not sense bottom
particle motion circular

v =A/T or v=g T/(2x)

Fo e ==

| shallow-water waves
(Depth < A/20) :
particle motion elliptical

Sl

10/2/24
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SUnami

» caused by submarine EQs with
vertfical displacement
» extremely long wavelength
(200 km)
« shallow-water waves -> speed
l Exposed by depends on water depth D

receding sea

720-800 km/hii!

not noticeable at sea

built up coming on'shore ( >10m)
15 min between peak and trough

Normal faulting V=\/

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

Mw=9.5 May 22, 1960; Valdivia,

] 1min Hilo
10,000 km from Chile
61 fatalities in Hilo; $24 Mio damage

| it takes about 14h for fsunami
fo travel from Chile to Hawaii

| SIO15 2024: Topic 6 - Earthquake Hazards &

10/2/24
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. established in 1948
e Hilo: 1946: 159 fatalities
) 1960: 61 fatalities

e 1964 Alaska:

mirWarning Sysm

Port Alberni,
British Columbia

Crescent City,
Cal‘ﬂomiaw

T

last EQ with Pacific-wide fatal tsunami

until 11 March 201 1

| SI015 2024: Topic 6 - Earthquake Hazards =

__| > people ignore warning e
=1 > people forget what tfo do

\:

Fig. 6.20 Tsurrjgi oming;ﬁlndionﬂ@ceonﬁ

| SI015 2024: Topic 6 - Earthquake Hazards

26 December 2004 Sumiro—Arndoon Tsunami

> partial warning system
critical components missing

»>sporadic tsunami history

»poor tsunami education

AR LU AR LA

10/2/24
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link for previous page:
https://upload.wikimedia.org/wikipedia/commons/thumib/4/47/2004_Indonesia_Tsunami_Complete.gif/250px-
2004 | a_Tsunami_Complet

Some Facts on Isunami

26 mber20 So’rrdomon Tsunami

S
Source: NOAA
ey e i e o= —=-

* size of tsunami depends on EQ size but also local coast

* fsunami: not a single wave but many wavesforihours and hours!

* first wave may not be biggestl!

14



SOMme Facis on Tsunom|

11 Morch 2011 Tohoku Jopcn Tsunoml

# size of tsunami
also depends on bathymetry &=

Background info:
27 March 1964 Good Friday Alaska EQ
2 foTohhes in Crescent C|Ty

Poll

After a tsunami hit, when is it safe to return to the beach?

© Single Choice Multiple Choice

AR

immediately after the EQ shaking

15 min after the first wave

15 min after the second wave

after an hour

only after many hours

| SI015 2024: Topic 6 - Earthquake Hazards

10/2/24
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After a tsunami hit, when is it safe to return to the beach?

AL LU

© Single Choice Multiple Choice

[

immediately after the EQ shaking
15 min after the first wave
15 min after the second wave

after an hour

only after many hours

#x

opic 6 - Earthquake Hazards

Fig. 6.24

= )9 September 2009
= Samoa Tsunami

W PLOTVIEW: Pago Pago, Amer. Samoa: pagoA ( 1 min data )
File Plot Control Display Contral Tools

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

LASTUPDATE: 01:41:01 09-30-2009

. : i > you have at least 15min
400 M ‘I’
300 M*\ M\ i P
I el R SEES
| If EQ was distant

™
2
S

> watch tide calendar
>flee when low tide suspicious

Water Level Fluctuations in cm

100
> you have af least 15min
stay away from beach for many hours!!!
-]?gﬂﬂ 1600 1700 1800 1900 2000 2100 2200 2300 IHII;U 0100 0200 0300 : : l\.
272 272 272 272 272 272 272 272 272 273 273 273 273 |

10/2/24
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| Sooo, 29 Sepiremier 2009 Isunami

NOAA/NOS/CO-0PS
Preliminary Water Level (A1) vs. Predicted Plot
9419750 Crescent City, CA
from 2009/09/29 - 2009/10/01

2.000 T T T T T

1.500
|

1,000 f--ooeee CRREREET Y SRR L T R
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0.000

lmM"Y"n'"’*"‘"v“'fl‘“‘”’m“w"-‘WM‘er";wqﬁlfm,»‘hqulw\k‘\wm

-0.500 L L L
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00:00 12:00 00:00 12:00 00:00 12:00 00:00

Date/Time (GMT)
Predicted WL ——

Observed WL —— (Obs-Pred) ——

= e

SIO15 2024: Topic 6 - Earthquake Hazards ¢ =

[sUnami

B TS UNANI HAZARD ZONE -

e

¥\ CASE OF EARTHQUAKE, GO

OUND OR INLAND

i i 2] Coss e
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 fo a fsunami
that arrives less than 1h after triggering event”

“tsunami rare enough to give false sense of security”

“if source is close to shore |

SIO15 2024: Topic 6 - Earthquake Hazards -

10/2/24
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[Ciquetaction

B °* shaken ground temporarily behaves like liquid
= o enhances effects of rel. small EQs
. 16 Jun 1964, Niigata, Japan
= * Magnitude 7.6
= * houses built to code

2 lm age: Ear thquake Lng,meen mg, Res:

SIO]52024 Toplc 6 - Eorthquoke Hazc:rds : =

B shaken ground temporarily behaves I|I<e lqu|d
E . effect worse when sediments water-saturated

SIO]5 2024: Topic 6 - Earthquake Hazards ¢ =

10/2/24
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Liquefocﬂon Risk‘ IR San Biege

» shaken ground temporarily behaves like quQid
® * effect worse when sediments water-saturated

: magnitude 6.5 possible
in San Diegol!

1]
— I ARE
.

*Mission Bay
sLindbergh Field
_-[\lor’rh IsI»qnoI

Ry

17 Oct 1989 Loma Prieta Eo’rhqke

- 38

04 pm local time
Mw=6.9
63 fatalities/$6 Billion damage
televised (World series game)
- »liquefaction in Marina District
= »>oblique slip; small tsunami in
- Monterey Bay

SIO15 2024: Topic 6 - Earthquake Hazards -

10/2/24
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| sometimes even on
| “solid” ground

~ Alaska Good Friday Earthquake, 1964 &
— e« liguefaction in Turnagain Heights '

LT3

: Liqufc’ri

1_; can also happen on seemingly solid ground:
| « weak layer (e.g. sand) near top
|« weak layer below hard layer (clay)

Wet clay layer

Stationary clay flakes
stuck together

Earthquake !

Moving slurry

FIGURE 10.31 Image: S. Marshak “Earth, Portrait of a Planet”

i

10/2/24
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Ligueraciion
:/Qlcoﬁoes

e

¢ liquefaction of lower layer

e upper layer cracks

* lower layer “erupts” through
cracks

* 28 May 2006 Lusi, Indonesia mud volcano

* displaced 30,000 people

* will go on for decades

* frigger: EQ or gas drilling?
Image: S. Marshak “Earth, Portrait of a Planet” : 'J’"

SIO15 2024: Topic 6 - Earthquake Hozards &= == =

> A sI015-Natural Disasters Course shared a link.

P4 | 2seconds ago @ Mw=7.7
strike-slip earthquake
found by my colleague and friend Debi Kilb. A new island mountain belt

popped up from the ocean during a large earthquake in
Pakistan. Most likely, this is a mud volcano as a result of
liquefaction.

i = USGS ShakeMap : PAKISTAN
Pakistan earthquake creates new 56242013 112648 AMGHT 177 K250 E6551 Daph: 206 105000p¥
island, 'mud volcano' to blame - - = ST
NBC News.com 3

www.nbcnews.com

Mud houses in the mountains
crumbled as a 7.7-magnitude

Like - Comment - Share

- »350 fatalities
- »Gwadar mud volcano through
liquefaction

= o

SIO15 2024: Topic 6 - Earthquake Hazards -

10/2/24
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quuefoc’rlon 24 Sep 20 3 Pokls’rcm Eor’rhquoke

51015 2024: Topic 6 - Earthquake Hazards & , = image: YAHOO

14 Jan 1994 Northridge
* landslides
e qirborne dust -> valley fever

Easter Sunday 2010 &
El Mayor earthquake g
* adirborne dust =

H .
§ YouTube movie

Earth: Portrait of a Planet, 2nd Edition
(©) W.W. Norton & Company

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

TIE F o

SIO]5 2024: Topic 6 - Earthquake Hazards ¢ =
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Earhguakes and erher: BISasters

book chapter 5
Short wdeo 6c

gi /1 Portrait of a Planet, 2nd Edition
pyright (©) W.W. Norton & Company

fire!l!!
ruptured gas lines

== = o mfros’rruc’rure cu’r off
SIO15 2024: Toplc 6 - Eorthquoke Hc:zc:rds = == == e = =

Earinguakes and olher: D|sos’rers

e

, * volcanic eruptions (Mt. St. Helens 1980)
' Iv\oy 22, 1960 Valdivia, Chile E ‘

E May 24- July 22, 1960
Eruphon of Puyehue Cordon Coulle Volcanoes

oA

book chapter 5
Short video 6c

= -very large EQs may trigger volcanism far away (Rayleigh deesl)
(2002 Denall EQ/YeIIows’rone 2004 Sum t o/AIosko volconoes)

SIO15 2024: Toplcé Ecrthquqe Hazrds  ‘ 7 = A"' dynomlc Trlggermg

23
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EQrfhguakes and oiner: Dlsos’rers

= '|'| McrchQO] ]Tohoku JOnoEQ = lOmSV/h 10,000 Om-ﬁ(llforblgci’f\/

£ Disaster o’r Fukushlmo Donchl Nucleor Power Plant
= Fukushima Plant Radiation at Various Locations (Linear Scale) =
boiling wofer reactors =

8 built by GE - |
& designed for 0.45 g ElmEE)
EQ occelercmon' O 56 g = Westgate

E

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

X X
= =

==

& - lack of cooling -> food spoilage, industrial accidents
£ - no fraffic guidance
* no landline phone connection with cordless phones
= « loss of cell phone coverage
* NO gas pumps
. no water pumps -> water com‘ommo’non -> dlseoses

SIO]52024 Topic 6 - Earthquoke Hazards =

24
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Earthguakes anaretier Disasters
fre
floods
landslides

volcanic erupftions
diseases

pollution/radiation [
| « POWER OUTAGE

25



