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Displacement

(a) Abrupt vertical movement along a fault on the sea floor (1) raises or
drops the ocean water column above a fault, creating a tsunami (2
that travels from deep (3) to shallow water (4) where it is experienced

as alternating surges and withdrawals of water at the shore (5).
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Significant Tsunami Since 1990

Map Date
number

"y

Sep. 2, 1992
Dec. 12, 1992
Jul. 12, 1993
Jun. 2, 1994
Oct. 9, 1995
Feb. 17, 1996
Jul. 17, 1998
Dec. 26, 2004
Jul. 17, 2006
Apr. 1, 2007
Sep. 29, 2009
Feb. 27, 2010
Oct. 25, 2010
Mar. 11, 2011
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Location

Nicaragua

Flores Island, Indonesia
Okushiri, Japan

East Java, Indonesia
Jalisco, Mexico

Irian Jaya, Indonesia
Papua New Guinea
Sumatra, Indonesia
Central Java, Indonesia
Solomon Islands
Samoa

Chile

Pagai Island, Indonesia
Tohoku, Japan

Max. height

(m)
10
26
31
14
11
8
15

(ft)
33
85

46
36
26
49

10
16
46
10
10

Fatalities

170
>1,000
239
238

1

161
>2,200
300,000
668

52

189
650
435
19,508




Wave Height (cm)
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Enormous we
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Waveheight T

Trough Trough Crest

Wave Frequency Wave Period
The number of wave crests The time required for the wave
passing point A each second crest at point A to reach point B




ODeep water OShallow water
OlIn the deep ocean the OWave height grows

waves may go by unnoticed

exponentiall
(low wave height) P Y

OWave speed? OFrom 1 to 525 metfters

0800 km/hr (480mph)!iii! O or 1740 teet!
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The Data Flow Behind Tsunami Prediction
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National Weather Service

National Data | Tsunami Warning
Buoy Center Centers
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" NCEI Archives
Tsunami Data
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NCEI - National Centers for Environmental Information

For Information: www.ngdc.noaa.gov/hazard/
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https://nctr.pmel.noaa.gov/animate.html

2011

2011

2010
2010
2008
2005
2004
2003
2001

reteis]
flieieke)
(Bt
1994
£2210)
fleeisie)
15,512
1985
1983
1978
1976
1976
1976
1972
1971

1970
1968

Tohoku, Japan (tsunami)
Christchurch, New Zealand
Haiti

Concepcion, Chile
Sichuan, China

Pakistan

Sumatra (tsunami)

Bam, lran

Bhuj, India
Calaraca/Armenia, Colombia
Izmit, Turkey

Kobe, Japan

Northridge, California
Western Iran

Loma Prieta, California
Spitak, Armenia

Mexico City

Turkey

Iran

T’ang-shan, China
Caldiran, Turkey
Guatemala

Nicaragua

San Fernando, California
Peru

Iran

Number
of Deaths

20,000
180
230,000
1,000
70,000
80,000
230,000
41,000
20,000
2,000
17,000
5,600
51
ST
65
24,000
9,500
1,300
15,000
S e
8,000
23,000
12,000
65
66,000
12,000

1964
1815
1962
1960
1960
1948
1939
1939
1985
1932
929
1923
1920
112)115
1908
1906
1896
1886
1866
811-12
1783
1755
1556

Anchorage, Alaska
Skopje, Yugoslavia
Iran

Agadir, Morocco
Southern Chile
Turkmenistan, USSR
Erzincan, Turkey
Chillan, Chile
Quetta, Pakistan
Gansu, China
Tsinghai, China
Tokyo, Japan
Gansu, China
Avezzano, ltaly
Messina, ltaly

San Francisco
Japan

Charleston, South Carolina
Peru and Ecuador
New Madrid, Missouri (3 events)
Calabria, ltaly
Lisbon, Portugal
Shen-shu, China

131
1,000
12,000
12,000
6,000
110,000
40,000
30,000
60,000
70,000
200,000
143,000
180,000
30,000
160,000
500
22,000
60
25,000
few
50,000
70,000
830,000



Displacement

Fault
surface
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Friction, time, and critical thresholds

Pulling on the spring stretches the
spring, and builds stress, but doesn’t
move the block, due to friction.

When the stress exceeds friction,
the block suddenly slips, and the
spring relaxes, so the stress drops.

Low Stress High
=

Faulting (slip)




Broken anchor
chain

Two surfaces

: Broken-off asperities
in contact



Chile

Energy event @ (1960)
Earthquake @ oS

| Alaska
e (1964)
. 1,800,000,000,000 9.2

56,000,000,000,000
(12,700,000,000)

(410,000,000) Tohoku-oki, Japan (2011) 9.0
Krakatau
1883
eruption
56,000,000,000 -~ . Largest 7
(1 2’ 700'000) San Francisco (1906) 7.9 H-bomb
explosion

Haiti (2010) 7.0
Loma Prieta (1989) 7.0
1,800,000,000 = Kobe, Japan (1995) 6.9

(410,000) | Northridge (1994) 6.7

Mt. St. Helens
1980 eruption

Hurricane

Modified Mercalli Scale (Intensity)

—

56,000,000
(12,700) | Earthquakes

Hiroshima bomb -
(1945)

Richter Magnitude Scale

1,800,000
(410)

Energy event

Energy equivalent in kilograms of TNT (tons of TNT)

56,000 - Tornado -
(12.7)

1,800 Lightning bolt -
(0.41)

1 ] 1 ] | | | | |

2 3 4 S 6 7 8 9 10
Magnitude (Myy)




O Moditied Mercalli Scale (Intensity)

O Richter Magnitude Scale



IV

VI

VII

Detected only by seismic instruments; causes
no damage.

Felt by a few stationary people, especially in upper
floors of buildings; suspended objects, such as
lamps, may swing.

Felt indoors; standing automobiles sway on their
suspensions; it seems as though a heavy truck
is passing.

Shaking awakens some sleepers; dishes and
windows rattle.

Most people awaken; some dishes and windows
break, unstable objects tip over; trees and poles
sway.

Shaking frightens some people; plaster walls crack,
heavy furniture moves slightly, and a few chimneys
crack, but overall little damage occurs.

Most people are frightened and run outside; a lot
of plaster cracks, windows break, some chimneys
topple, and unstable furniture overturns; poorly
built buildings sustain considerable damage.

VIII

Xl

Xl

Many chimneys and factory smokestacks topple;
heavy furniture overturns; substantial buildings
sustain some damage, and poorly built buildings
suffer severe damage.

Frame buildings separate from their foundations;
most buildings sustain damage, and some
buildings collapse; the ground cracks, underground
pipes break, and rails bend; some landslides occur.

Most masonry structures and some well-built
wooden structures are destroyed; the ground
severely cracks in places; many landslides occur
along steep slopes; some bridges collapse; some
sediment liquifies; concrete dams may crack;
facades on many buildings collapse; railways and
roads suffer severe damage.

Few masonry buildings remain standing; many
bridges collapse; broad fissures form in the ground;
most pipelines break; severe liquefaction of
sediment occurs; some dams collapse; facades on
most buildings collapse or are severely damaged.

Earthquake waves cause visible undulations of
the ground surface; objects are thrown up off the
ground; there is complete destruction of buildings
and bridges of all types.




Richter Scale

O Direct measurement of the
P and S-wave intensities.

Seismometer
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Reading Seismic Lines
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P-waves Vs S-Waves & the Earth’s Interior

P-waves (green) travel

faster than S-waves (red). |

Station 1

Station 2

Station 3

S-wave arrival
time

P-wave arrival
time

Station 1 pw L1 5 minutes

StatiOIl 2 MWMWMAWWMW

Station 3 MMMM"W“““W“’“‘“’W\”W“*

Time of the
earthquake
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>-Wave shadow zone P-waves that passed through the core




More wave types

L-waves oo

Particles underground
follow a circular path
as the wave passes.

»

Ground
surface

Ground
surface




Vibration direction ) ) . .
Vibration direction

Bridge
waee. lifting up

Vertical S-waves
cause the ground to
go back and forth.

Vertical P-waves
cause the ground
to go up and down.

_ Vibration
, * direction — - |
| | T — ». Rayleigh waves make
Love waves undulate \ . the ground surface
the ground laterally. Wave -
propagation

Wave roll in wave-like

propagation

motions.




O Deeply buried / Typically do not break the ground surface.

O Strong rock with few breaks

O Seismic waves move rapidly
O Increased ground motion
O Increased surface damage



Lowest hazard

» Highest hazard
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http://www.smithsonianmag.com/science-nature/the-great-midwest-earthquake-of-1811-46342/
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“ ~ The New Madrid area lies
far from the boundaries of
the North American Plate.
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\ - \ e Bedrock Geology of lowa
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Silurian
] Hopkinton & Blanding Fm.

|:| Scotch Grove Fm.

Ordovician
[ | Maquoketa Shale




	Earthquakes 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Fault movement / earthquakes – Seismic Tsunami  
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Tsunami Waves 
	Deep vs Shallow water
	Lituya Bay Alaska 
	Bouys Warning Systems
	Slide Number 17
	Displacement 
	Earthquake terms
	Fault types
	Friction, time, and critical thresholds 
	Slide Number 22
	Scale
	Measuring the Energy of an Earthquake
	Slide Number 25
	Richter Scale
	Slide Number 27
	Slide Number 28
	Reading Seismic Lines
	P-waves Vs S-Waves & the Earth’s Interior
	Triangulation 
	Slide Number 32
	More wave types
	Slide Number 34
	Intra-plate Earthquakes
	Slide Number 36
	The 1812 New Madrid Earthquake
	Slide Number 38
	Slide Number 39
	Plum River Fault 

