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Where are most of the world’s earthquakes?
A) Divergent, B) Convergent, C) Transform, D) Hotspot, E) Intracontinental
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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
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How much does
lava weigh?
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What'’s the fastest way to get
from point A to point B?



3 different types of seiIsmic waves:

Body waves (travel through Earth): FAST
1) Primary waves (P-waves)

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

3) Surface waves (travel across surface) sLow
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B. P waves traveling along the surface







Rope at rest
N A N A S G N e D N S S S A A S G S G 5, 8

y

/
/] “n
i
TN Shake rope
&3
— = -\.\.\.\.\.\.\.\\\\\\\\\\\\\\\\\\\\\\\\\”{0
f '
v
Wave direction IR > Particle motion e
. N S R T VN T R xx\\\\\\\\\\\\\\wj}

C. S waves generated using a rope
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D. S waves traveling alog the surface




Damage from flexure (vertical motion)
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How do you measure the intensity of an earthquake?
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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
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3 63 A) Buildings collapsing
s -h' What humans feel physically
X ‘- C) Seismic wave amplitude
D) Area of fault rupture, rock type

B/ E) Tsunami generation




1) Modified Mercalli Intensity Scale

Not felt except by a very few under especially favorable circumstances.

Felt only by a few persons at rest, especially on upper floors of buildings.

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not recognize it as an
earthquake.

During the day felt indoors by many, outdoors by few. Sensation like heavy truck striking building.

Felt by nearly everyone, many awakened. Disturbances of trees, poles, and other tall objects sometimes noticed.
Felt by all; many frightened and run outdoors. Some heavy furniture moved; few instances of fallen plaster or
damaged chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings of good design and construction; slight-to-moderate in
well-built ordinary structures; considerable in poorly built or badly designed structures.

Damage slight in specially designed structures; considerable in ordinary substantial buildings with partial col-
lapse; great in poorly built structures. (Fall of chimneys, factory stacks, columns, monuments, walls.)

Damage considerable in specially designed structures. Buildings shifted off foundations. Ground cracked
conspicuously.

Some well-built wooden structures destroyed. Most masonry and frame structures destroyed. Ground badly
cracked.

Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad fissures in ground.

Damage total. Waves seen on ground surfaces. Objects thrown upward into air.

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?
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North Anatolian fault often ruptures in progressive earthquakes Mean repeat time ~450+220 yr
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How do you measure the intensity of an earthquake?

Richter magnitude (M,) can’t distinguish largest quakes

(M,,) measures:
1) Average displacement along fault

2) Area of rupture surface

3) Shear strength of faulted rock
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Anchorage, Alaska 1964, Richter magnitude 8.3, Moment magnitude 9.2
San Francisco, 1906, Richter magnitude 8.3, Moment magnitude 7.8
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How do you measure the intensity of an earthqguake?

1) (Modified) Mercalli Intensity Scale

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

2) Richter Magnitude Scale (M,)
can’t distinguish largest earthquakes
3) Moment Magnitude Scale (M)

best tool for determining earthquake energy



What happens during a strike-slip earthquake?
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) . S R

D. Strain released

A. Original position

B. Buildup of strain

C. Rupture
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D. Strain released

What type of
deformation
does each of
these phases
represent:

Ductile

0]}

Brittle?
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North Anatolian Fault resembles San Andreas Fault

1 .. X istanbul

"9: Faultsliprate
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The North Anatolian & San Andreas faults
share sliprates, ages, length and straightness

Serkan Bozkurt & Ross Stein




North Anatolian fault often ruptures in progressive earthquakes Mean repeat time ~450+220 yr
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Why do some
structures
survive?
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Why did these buildings fall over?






Sess

Loose packing of sand grdins

W ore compach packing

Loosely packed
grains form
slurry during
earthquake

After earthquake
they settle
Into more

compact
configuration




Liguefaction undermines foundation — Mexico City, 1985




What happens during a subduction earthquake?
Simplified earthquake cycle
What type of
deformation
does each of
these phases
represent:

BETWEEN EVENTS

Uplift

Brittle

EARTHQUAKE Subsidence 1
. Extension

or

Ductile?




Great subduction
earthquakes in the
Pacific Northwest

“Great” = M8.0 +
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Evidence for great subduction quake
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Subsidence/tsunami bury
old coastline

Simplified earthquake cycle

Uplift
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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)

Cascadia earthquake sources

The December 26, 2004,
Magnitude 9.0 Sumatra- ;
Andaman Islands Earthquake
rupture zone is comparable
to the size of the ' T
£ N, I
Cascadia Subduction Zone p. Y Sourca

7 Yoleanos " ‘ '1 Subduction fone W.waA, OR, CA M8
[ Cascadia Subduction Zone T e
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During a subduction earthquake...

Simplified earthquake cycle

Uplift
BETWEEN EVENTS

What triggers
the tsunami
wave?

EARTHQUAKE Subsidence 1
. Extension




Shock wave propagates based on water depth

Tsunamispeed: Tsunami speed: e o
835 km/hr ; 340 km/hr

Sea level

4 m A\ g— 20 meters

=~=__Displacement




depth , wavelength , velocity , wave height




depth ¥, wavelength ¥, velocity ¥, wave height

Deep water — \ Approaching shore — |
waves with constant >« waves touch bottom <
wavelength I (wavelength decreases) ‘

Surf zone
(breakers form)

Depth is > wavelength

._ _ 'Ve_lbc-ity-d.e'creases_' <
~ (wave height increases)




Jaws, Maui
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Why are tsunami waves so dangerous?

Wave movement
Deep water - Approaching shore -
waves with constant J- waves touch bottom ‘|, (brgggfspfrm)-—v
wavelength I (wavelength decreases) ‘

Depth is >2 wavelength

_ Velocity decreases
~ (wave height increases)




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
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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



200 dead in Japan
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What are the piles of debris on the seafloor from?

- ?




Nuuanu / Walilau
Landslides

Bisected
Oahu / Molokal



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

Alika 2 debris §
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In the next big Hawaii quake, don’t wait for tsunami warning!

«

Landslide debris

Landslide debris = iy i
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