
Earthquake!Earthquake!

Physical GeologyPhysical Geology -- GEOL 101GEOL 101
Ray Rector - Instructor

Principles and ApplicationsPrinciples and Applications



Earthquake TopicsEarthquake Topics
What are theWhat are the
Effects ofEffects of
Earthquakes?Earthquakes?
Can we PredictCan we Predict
Earthquakes?Earthquakes?
How can weHow can we
Prepare for anPrepare for an
Earthquake?Earthquake?

What areWhat are
Earthquakes?Earthquakes?
Where and HowWhere and How
do Earthquakedo Earthquake
Form?Form?
How areHow are
EarthquakesEarthquakes
Measured?Measured?



Earthquakes Occur Along ActiveEarthquakes Occur Along Active
Fault ZonesFault Zones

1) Faults are planar
surfaces (zones of
weakness) in the upper
crust where brittle fracture
takes place between two
offsetting crustal blocks

2)   Most active faults
occur along tectonic plate
boundaries

3)   Earthquakes are the
instant release of built-up
elastic strain energy as
result of fault rupture



Earthquakes Occur Along Active Fault ZonesEarthquakes Occur Along Active Fault Zones

2) Fault activity is associated with tectonic
stresses and/or movement of magma

1) Most fault activity occurs at or near
plate boundaries and regions of volcanism

3) Earthquakes are the
result of released stress
between adjacent
blocks of brittle/elastic-
behaving crustal rocks

4) Earthquakes can
be measured for size,
intensity, and location
using seismometers.



Major Earthquakes and FaultMajor Earthquakes and Fault ZZones ofones of
the Worldthe World





Major FaultMajor Fault ZZones of Californiaones of California

The majority of California’s abundance of faults are part of the
San Andreas Fault Zone – a transform boundary fault system



Largest Earthquakes of Southern CaliforniaLargest Earthquakes of Southern California

The San Andreas Fault is capable of up to 8.0 M earthquakes.
The most active fault in So Cal is the San Jacinto Fault



Most Recent Earthquakes in CaliforniaMost Recent Earthquakes in California
1) Most fault activity is
associated with the San
Andreas Fault Zone

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

5) Where will the next
“Big One” (> 7.5M) hit?

4) Short range quake
prediction does not
exist at this time

2) The other zone is the
Eastern Sierra region



““Big OnesBig Ones”” on the San Andreason the San Andreas
1) Three Big Ones in the
last 500 years on the SAF

2) Last Big One was on
the Northern California
segment in 1906

5) Based on this map, where will the next “Big One” on the SAF
most likely strike?

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



Earthquake Probability in USAEarthquake Probability in USA

?

1) Geologists cannot predict an
earthquake at the present time

2) Geologists can make statistically-
based probability estimates for a
given faults’s chances of rupture



Recent Earthquake in JapanRecent Earthquake in Japan
1) Measured 9.0 on
Richter Scale and lasted
for over 4 minutes

2) One of the largest
earthquakes ever
recorded – biggest ever
measured in Japan
3) Centered offshore
along subduction zone
thrust fault

4) Caused super destructive
tsunami waves



Origin of TsunamiOrigin of Tsunami

4) Bolide ocean impact

Tsunami can be generated by several means:

1) Seismic event

2) Coastal landslide

3) Volcanic eruption



Formation of Seismic Sea WavesFormation of Seismic Sea Waves
 A seismic sea wave is generated by a
rapid vertical displacement of the sea
bottom during an earthquake

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

 The influence of gravity on the ocean
surface anomaly will cause water column
oscillation resulting in a set of outwardly
moving concentric tsunami waves



Pacific RimPacific Rim –– Tsunami FactoryTsunami Factory



EarthquakeEarthquake--Tsunami ComboTsunami Combo
The Deadly OneThe Deadly One--Two PunchTwo Punch



Tsunami = Godzilla Wave?Tsunami = Godzilla Wave?

https://https://www.youtube.com/watch?v=k8IAgUNr6x4www.youtube.com/watch?v=k8IAgUNr6x4

ゴジラウェーブゴジラウェーブ

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

https://www.youtube.com/watch?v=F1
ZewAPl7L0



EarthquakeEarthquake

Preparation andPreparation and

MitagationMitagation



Fundamentals of an EarthquakeFundamentals of an Earthquake
1) Fault rupture

2) Fault scarp

3) Focus

4) Epicenter

5) Seismic Waves



What Causes an Earthquake?What Causes an Earthquake?
Reid's Elastic Rebound TheoryReid's Elastic Rebound Theory

Four StagesFour Stages

1) Pre-load Period
 No Stress

 No Deformation

2) Bending Period
 Slow Stress Loading

 Elastic Deformation

3) Rupture Period
 Instant Stress Release

 Brittle Deformation/Offset

4) Rebound Period
 Removal of Bending

 Stress Relieved



Types of Seismic WavesTypes of Seismic Waves

1) P-waves

2) S-waves

Body WavesBody Waves

1) Love-waves

2) Raleigh-waves

Surface WavesSurface Waves



Two Types of Body WavesTwo Types of Body Waves

P-waves are twice
as fast as S-
waves

1)1) PP--waveswaves
 Compressional

 Fast

2) SS--waveswaves
 Shear

 Slow



Two Types of Surface WavesTwo Types of Surface Waves

Surface waves are
very destructive to
building, dams, and
bridges

1)1) LoveLove--waveswaves
 Side-to-side

Shear Motion

2) RaleighRaleigh--waveswaves
 Orbital Rolling

Motion



Recording Seismic ActivityRecording Seismic Activity

A Simple Seismometer



Fundamentals of a SeismogramFundamentals of a Seismogram

1) P-wave Arrival time

2) S-wave Arrival time

3) S-P Interval

4) Amplitude



Reading aReading a
SeismogramSeismogram
1) P-wave Arrival time

2) S-wave Arrival time

3) S-P Interval

4) Amplitude



Determining Distance to EpicenterDetermining Distance to Epicenter

1) Measure S-P Interval for
each station

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



Determining Earthquake EpicenterDetermining Earthquake Epicenter
1) Need at least three

seismograph stations

2) Find distance from station to
epicenter for each station

3) Plot distance circles for each
station

4) Epicenter located where all
three circles intersect



Determining Earthquake MagnitudeDetermining Earthquake Magnitude
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



Earthquake Epicenter andEarthquake Epicenter and
Magnitude Internet ExerciseMagnitude Internet Exercise

Virtual Earthquake
Internet Exercises

Virtual Courseware for Earth
and Environmental Sciences is
supported in part by grants
from the U.S. National Science
Foundation and the California
State University System. All
opinions expressed herein are
those of the authors and not
necessarily those of the NSF or
the CSU. Copyright © 2002-7
Virtual Courseware for Earth
and Environmental Sciences



Virtual EQ CertificateVirtual EQ Certificate



Measuring Ground ShakingMeasuring Ground Shaking



Ground Shaking and Building MotionGround Shaking and Building Motion

Japan Earthquake - Building Shaking
Alaska Earhquake - Modeled Building Motion



Surface Displacement Along Active FaultsSurface Displacement Along Active Faults



Earthquake GroundEarthquake Ground
Shaking:Shaking:

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

2) The softer the material, the greater the
shaking

3) Solid rock is favorable over sediment

4) Dry sediment favorable over saturated

Variations in Substrate



Substrate Type Versus Ground ShakingSubstrate Type Versus Ground Shaking



LiquifactionLiquifaction!!



LiquifactionLiquifaction!!

Sand volcanoesExhumed pipes

Sinking Building

Video 1

Video 2



LiquifactionLiquifaction



Simple Earthquake ModelingSimple Earthquake Modeling



Advanced Earthquake ModelingAdvanced Earthquake Modeling



Bay Area Earthquake AnalysisBay Area Earthquake Analysis
Comparing Substrate Type with Observed Ground Motion

1) Solid Rock

2) Dry Loose
Sediment

3) Water-
saturated Loose
Sediment

Loose Solid



Using Aerial Photos to Interpret Fault MovementUsing Aerial Photos to Interpret Fault Movement

Surface Displacement AlongSurface Displacement Along
San Andreas FaultSan Andreas Fault

1) Recognizing the offset
of linear surface features

 Drainage channels
 Ridgelines
 Geologic formations

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

3) Amount of offset along
disturbed feature shows the
amount of fault movement

4) Age of offset feature gives averaged rate of displacement



Using Trenching to Interpret Faulting HistoryUsing Trenching to Interpret Faulting History

Fault Trenching StudiesFault Trenching Studies

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
cross-cutting principle and
C-14 dates.



HeadHead’’ss--Up for Next WeekUp for Next Week’’s Labs Lab
Structural Geology and Geologic Maps

1) Analyze structural block diagrams

2) Construct structural diagrams

3) Take compass bearing

1) Construction of topographic and bathymetric profiles

2) Plotting map locations and taking bearings

3) World ocean bottom features and Tectonic plate boundaries

Recommended PreRecommended Pre--Lab Web ActivitiesLab Web Activities (Click on Link)

Next WeekNext Week’’s Lab Activitiess Lab Activities

PreparationPreparation
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