Earthqguake!

Principles and Hazards




What are
Earthquakes?

Where and How do
Earthquake Form?

What are the Types
of Seismic Waves?

How are

m
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Vieasured”

What are the Effects
of Earthquakes?

What are the Types
of Seismic Hazards?

Can we Predict
Earthquakes?

How Can We
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1) Earthquakes are the instant release of
bullt-up elastic strain energy (seismic waves)
along faults in the crust as the result of fault

rupture (rock fracture and offset)

2) Faults are planar surfaces (zones of
weakness) in the upper crust where brittle
fracture and offset movement takes place
between two crustal blocks

3) Faulting is caused when the built-up
of tectonic, magmatic, or hydrologic
stress/force in crustal rocks overcomes
rock strength, resulting in rock failure.

. 4) Most active faults and‘quakes oe¢
at or near tectonic plate boundaries




Major Earthquakes and Associated Fault Zones




1) Fau I t e s Fault scarp

Vs

2) EQ Focus

3) EQ Epicenter

4) Seismic Waves

5) Fault Rupture Offset
6) Fault Line

7) Fault Scarp

» Earthguakes develop deep in the ground along a rupturing fault
» The site of origin of an earthquake on a fault is termed the focus

» The ground surface location directly above the fault is termed the epicenter

» Seismic energy waves are generated by the rupturing fault (at the focus)

» A fault scarp is where a cliff-like feature forms along the fault line



What Causes an Earthguake?

1) Pre-load Period Reid's Elastic Rebound Theory
» No Stress

> No Deformation

2) Bending Period
» Slow Stress Loading

> Elastic Deformation

3) Rupture Period
> Instant Stress Release

> Brittle Deformation/Offset

Four Stacles




Types of Seismic Waves

Body Waves — Formed at Focus
1) P-waves

2) S-waves

Surface Waves — Formed at Surface




P-waves

» Compression-dilation behavior of
ground when wave passes through

> Relatively Fast

S-waves

» Up-down shearing behavior of ground
when wave passes through

» Relatively Slow

» P- and S-waves form at the site of fault rupture
deep in the Earth (quake foci zones)

» Body waves bend when travelling down through
the Earth due to changes in rock density which
affects seismic wave speed

» P-waves travel nearly twice as fast as the S-




T |f the rock is

cross section.

» P- and S-waves travel perpendicular to o
their wave fronts in al directions from \@M<;Seismie
their origin (earthquake foci) Wave — b

front

Body waves change speed when moving ‘

frOm one rOCk type to another, travel“ng (a) An igrthquake sends out waves in all directions. Seismic rays are
. perpendicutar-to-wave fronts:

faster through denser, more solid rock.

© L.t Sandstone

P-waves travel through the entire Earth,

whereas S-waves stop at the core - not _ Basalt
be|ng able to travel through I|qU|dS (b) Seismic waves travel at different velocities in different rock types. After

a given time, the wave will have traveled farther in basalt than in sandstone.

Epicenter

Solid iron
alloy

| A A I -
P-wave — e

(c) P-waves travel faster in solid iron alloy than in liquid, such as molten
iron alloy.

S-waves stop at
this boundary.

(d) Both P-waves and S-waves can travel through a solid, but only P-waves

4 [ . I HA |
Ldlriraver trougra iquit.




Lave wave

1) Love-waves

> Side-to-side shear
motion of ground

wave direction

2) Raleigh-waves Rayleigh wave

» Orbital rolling motion
of ground

» Love- and Raleigh-waves form at the ground
surface as the result of P- and S- body waves
striking the ground surface from depth

» Surface waves only travel through the shallow
surface layers of the crust

» Surface waves have larger wavelengths and
amplitudes than the body waves

— » Surface waves are more d '
building and other structures than bo ‘



A Simplified Seismometer Examples of

> A seismometer measures and Seismometers
records ground shaking

» A seismometer measures back-
and-forth, side-to-side, and up-
and-down ground motion “—

» A seismometer records seismic A Seismogram
wave energy on a rolling drum

I. - ” How does a seismometer work?
of a quake are recorded as httos: _ e

seismogram



https://www.youtube.com/watch?v=geNiqkgZDXA

Fundamentals of a Seismogram

1) P-wave Arrival time
2) S-wave Arrival time
3) S-P Interval

4) Amplitude



Reading a
Seismogram

1) P-wave Arrival time
2) S-wave Arrival time
3) S-P Interval

4) Amplitude

Can you read a quake?

*  An earthquake has just hit- can you tell where: Study these

seismugrﬂms




EARTHQUAKE TIME OF EXPANDING
HYPOCENTER WAVEFRONT IN SECONDS

1) Measure S-P Interval for each station

2) Convert S-P Interval time into ground
distance from epicenter using the S-P
conversion chart

circle drawn around station wit
radius equal to epicenter distance



1) Need at least three seismograph  3) Plot distance circles for each station

stations :
4) Epicenter located where all three

2) Find distance from station to circles intersect
epicenter for each station

STEP 2: Locate




1) Measure amplitude of largest S-wave
2) Plot line from distance to amplitude

3) Magnitude is read from center scale

4) Only need 1 station for determination

Measure the Tallest S-Wave
on a Seismogram

Richter Magnitude is found by
drawing a line between plotted

left and right column points
Plot the distance to epicenter on left colu and the

of Richter Chart ‘

DISTANCE
(km) 5-P TIME ()
Q
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Number of earthquakes per year (worldwide)
g Nomberof carthquakes per year (workwide) T~

r: LS. Gaclogical Survey




Modified Mercalli Intensity Scale

I Not felt

| Felt only by persons at rest

I1I-IV Felt by persons indoors only

V-VI Felt by all; some damage to plaster, chimneys

VIl People run outdoors, damage to poorly built
structures

VIl Well-built structures slightly damaged; poorly built
structures suffer major damage

IX  Buildings shifted off foundations
X Some well-built structures destroyed

Xl  Few masonry structures remain standing; bridges
destroyed

Xl  Damage total; waves seen on ground; objects thrown
into air

|
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2)
)
4)
o)
6)
7)
8)

Ground shaking
Ground displacement
Liquefaction
Landslides

Building collapse
Tsunami

Fires

Flooding




Japan Earthquake - Building Shaking



http://www.veoh.com/browse/videos/category/entertainment/watch/e14568
http://www.bing.com/videos/search?q=Earthquake+Ground+Shaking+and+Building+Motion&&view=detail&mid=BCF8809CEF441BF82F76BCF8809CEF441BF82F76&FORM=VRDGAR
https://www.youtube.com/watch?v=A6EG7NXel9g

Surface Displacement Alng Actlve Faults

e, O]

Hogb
dip to the rightSg

Maotion if
th a
strike-slip
fault




Variations in Substrate

Amplification

1) Different types of ground & Liquefaction Amplifcation
materials behave differently to
seismic waves

2) The softer the material, the
greater the shaking

3) Solid rock is less shaken than
consolidated sediment

4) Well-consolidated sediment is
less shaken than poorly- 5
c - Solid
consolidated sediment bedrock oM ied BRAOk  onldated  consorchted eitgmey

sediment sediment sediment

5) Dry sediment is more stable
than water-saturated sediment




If the rock is
homogeneous, wave
fronts are circles, in
cross section.

Seismic
Q ray

(a) An earthquake sends out waves in all directions. Seismic rays are
perpendicular to wave fronts.

(b) Seismic waves travel at different velocities in different rock types. After
a given time, the wave will have traveled farther in basalt than in sandstone.

Piwave Solid iron
alloy

P-wave Molten iron
alloy

(c) P-waves travel faster in solid iron alloy than in liquid, such as molten
iron alloy.

S-waves stop at
this boundary.

(d) Both P-waves and S-waves can travel through a solid, but only P-waves
can travel through a liquid.




Liquifaction!

!A-



Building damage ——p |

Roads and sidewalks »
Sand boils
Pipelme breaks

Aggon iiti of By Aren CromeDnm erts

Sinking Building

Water fills in the pore space Water completely surnounds
between grains. Friction allgrains and aliminates all
between grains holds sedimeant grain to grain contact. Sedimeant
fogether flows like a fluid.

Video 1

Video 2



https://www.wimp.com/soil-liquefaction-in-japan/
http://blogs.agu.org/landslideblog/2011/03/17/liquefaction-from-the-sendai-earthquake/

Liquifaction




Using Aerial Photos to Interpret Fault Movement

1) Recognizing the offset
of linear surface features
v’ Drainage channels
v Ridgelines
v Geologic formations

2) Relative direction of
offset feature shows the
relative movement direction

3) Amount of offset along
disturbed feature shows the Surface Displacement Aleng
amount of fault movement Selfl Aplelfgels Fatl




Active Fault Features




Major Fault Zones of Callfornla
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Ma}or Earthquakes and Fault Zoneq of Cahforma
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The majority of California’s abundance of faults are part of the




Largest Earthquakes of Southern California
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Most Recent Earthquakes in California

1) Most fault activity is
associated with the San
Andreas Fault Zone

2) The other zone is the
Eastern Sierra region

3) The most active In
Southern California are
the San Jacinto and
Elsinore faults

4) Short range quake
prediction does not

“Big One” (> 7.5M) hit?



“Big Ones” on the San Andreas
1) Three Big Ones in the

last 500 years on the SAF '\ | earthquakes recur
01\ on the San Andreas
2) Last Big One was on W5\ |  fault about every

the Northern California
segment in 1906

3) Last Big One on the
Southern California
segment was in 1680

4) A “Big One” occurs about
every 400 years on each of
the SAF segments

5) Based on this'map, where will the‘next ‘Big One*
most likely strike?




Earthquake Probability in USA

1) Geologists cannot predict an
earthguake at the present time

given faults’s chan
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Advanced Earthguake Modeling



1) Solid Rock

2) Dry Loose
Sediment

3) Water-
saturated Loose
Sediment




Recent Earthquake in Japan

1) Measured 9.0 on
Richter Scale and laste 7

remarkable even for a

for over 4 minutes o sy

4. SENDAI

Damaged cities e e TRt d o
the coast of Sendai, which was among the hardest hit
cities, Ships were flung onto their Sides, airport rumways
were delged and a massive wave carmying cars,
shipping containers and random debris cascaded

Active voicanoes through the city. Authorities said at least 1,200 homes

2) One of the largest TR

A whiripool formed by the tsunami threatened to eagulf
fishing vessels and other boats.

6. FUKUSHIMA 1 NUCLEAR REACTOR

1. HAKODATE c !
About 30.000 people were evacuated from the Residents pear Fukushima No, 1 plant were evacuated \ 4 - BRE SHa
historic fishing port after a two-metre wave after reports of a malfunctioning coolant system. A N SN K1,
ripped through the centre of town. Japanese authorities anaounced the release of “slight \

.

STRONG SHAK N

radioactive” vapour from the plant, according to reports.
The U.S. Air Force delivered coolant to the plant.

2.TOKYO
The city's rail transport system completely

- stopped after the quake shook office towers, 7. ONAGAWA NUCLEAR REACTOR
stranding millions of residents. People cleared A fire broke out at Tohoku Electric Power Co.'s plant
— the shops of food, queved for payphones and but was extinguished.
o ' - 8. WAKAYAMA
3. MIYAGI PREFECTURE Even hundreds of kilometres from the worst-hit areas,

A ship carrying 80 dock workers was washed 20,000 residents in a city of 370,000 were evacuated to
away from a shipyard. All on board are befieved  avoid tsunami waves.

.
o be safe. 5. KESENNUMA SADO- S
The fishing city with a population of
B oo 74,000 was hit by widespread fires along
its waterfront, still raging 15 hours after
the quake. One-third of the city was. -
submerged by tsunami waters.

%3 -oerros o

3) Centered offshore 2= £ g
along subduction zone - e i

VERY STRONG SHAKING
Potential dama structures

thrust fault £, Y e R ==

4) Caused super destructive IR e

tsunami waves
v N v THE JAPAN TRENCH 3 , HOW A SUBDUCTION ZONE WORKS|

Japan's position at the centre of a slow-motion When two oceanic plates collide, the heavier plate bends and
collision is to blame for its serious carthquakes. v plunges into the earth. When built-up stress and friction on the
Hundreds of kilometres off the coast, the Pacific e - continental plate is released suddenly, an earthquake occurs.
tectonic plate is sliding beneath the Okhotsk plate, 7 ;

on which the Japanese island of Hoashu sits, ata Okhotsk pla ‘Subduction zone

rate of about nine ceatimetres per year - a Pacific plate
relatively quick pace in geological terms. At the collision Lithosphere

point i the Japan Trench, the seventh-decpest ocean trench Lithosphere

on Earth with a maximum depth of about nine kilometres.




Origin of Tsunami

Tsunami can be generated by several means:

1) Seismic event

2) Coastal landslide




Formation of Seismic Sea Waves

[ A seismic sea wave is generated by a
rapid vertical displacement of the sea
bottom during an earthquake

d Overlying water column is equally
displaced, either up or down, depending
on direction of the ruptured seafloor

A The influence of gravity on the ocean
surface anomaly will cause water column
oscillation resulting in a set of outwardly

moving concentric tsunami waves







Earthquake-Tsunami Combo
The Deadly One-Two Punch




Tsunami = Godzilla Wave?

IWW.voltubecom/wa A W,

= AT
VﬂSU3kZE . e R htts/ W\W.Voutube.co imtch?v.f\qll?n\‘ﬂrﬁxil

TR e
e e o



http://www.youtube.com/watch?v=k8IAgUNr6x4
https://www.youtube.com/watch?v=23VflsU3kZE




Earthquake Epicenter and
Magnitude Internet Exercise

Welcome to

Earthquake

Virtual Earthquake
Internet Exercises



http://www.sciencecourseware.org/eec/Earthquake/EpicenterMagnitude/main.html
http://www.sciencecourseware.org/eec/Earthquake/intro_imgs/index.php?imagename=alaska2
http://www.sciencecourseware.org/eec/Earthquake/intro_imgs/index.php?imagename=alaska64
http://www.sciencecourseware.org/eec/Earthquake/intro_imgs/index.php?imagename=m11
http://www.sciencecourseware.org/eec/Earthquake/intro_imgs/index.php?imagename=sf3
http://www.sciencecourseware.org/eec/Earthquake/intro_imgs/index.php?imagename=sf89
http://www.sciencecourseware.org/eec/Earthquake/intro_imgs/index.php?imagename=m12

Virtual EQ Certificate



San Andreas Fault — Wallace Creek

GPS Velocities Exercise: deformation along the San Andreas fault

! 1 1
. \_Ii._ L\
Sierra Nevada \\
5 \

i
Wallace Creek

(relative to stable North America) k
| (http://www .scecdc.scec.org:3128/group_e/release.v2/), (o
S0 mm/yr \ Gulf of Galifornia

Ellipses on arrowheads are 95% confidence estimates of error j

Selected GPS site velocities for Southern California\\\




San Andreas Fault — Wallace Creek



San Andreas Fault — Wallace Creek




San Andreas Fault — Wallace Creek

San Andreas Fault

e,




San Andreas Fault — Wallace Creek

= Wallace Creek

Dry Valley




San Andreas Fault — Wallace Creek

Dextral Fault Movement as
Shown by Apparent Creek Offset




Using Trenching to Interpret Faulting History

1) Trench perpendicular to
active fault zone along a
stream channel

2) Trace and record all
rupture surfaces and offset
bedding and rock units

3) Date ruptured stream
deposits using carbon 14
method on charcoal grains

4) Correlate offset events
to ruptured layers using

FaultJkrenching Studies




Head’s-Up for Next Week’s Lab

Next Week’s Lab Activities
1) Analyze structural block diagrams

2) Construct structural diagrams

3) Take compass bearing

RPreparation

Recommended Pre-Lab Web Activities (Click on Link)
1) Construction of topographic and bathymetric profiles



http://geology.isu.edu/geostac/Field_Exercise/topomaps/topo_profiles.htm
http://geology.isu.edu/geostac/Field_Exercise/topomaps/bearing.htm
http://vulcan.wr.usgs.gov/Glossary/PlateTectonics/description_plate_tectonics.html
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