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What are
Earthquakes?

Where and How

do Earthquake
Form??

How are
Eanthquakes

What are the
Effects of
Earthqguakes?

Can we Predict
Earthquakes?

How can we
Prepare for an

~ Earhgughes




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




1) Most fault activity occurs at or near
plate boundaries and regions of volcanism
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2) Fault activity is associated with tectonic ﬁ ,1
stresses and/or movement of magma s

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 |
I"“"iJsing seismometers.




Major Earthquakes and Fault Zones of

the World
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Earthquake frequency and destructive power

The left side of the chart shows the magnituds of the earthquake and the right side represents the amount of high explosive

required to produce the enargy released by the earthquake. The middie of the chart shows tha relative frequencies.

Magnitude

Energy equivalents

[ Great sarihquake; near tolal
destruction, massive loss of life

[\ ke, sevEle

Strong sarihquake; damage
(§ biflions). loss of life

Moderale earihquake;
property damage

Light earthquake;
s0Mme praperty damage

[ Winor earthquake:
fell by hismans

Krakaloa volcanic eniption
Wew Madrid, Mo. (1812) iy

San Francisco (1906)

Loma Prieta, Calif. (19848
Kobe, Japan (1995)
Northridge, Calll. {1994

Long tsland, N.Y. (1684) ¢

Maodarate [ghtning balt

Energy release
(equivalent of explosive)

123 trillion Ib.
(56 trilllon kg)

4 trition 1b.
(1.8 trillion kg)

123 billion Ib,

(56 billon kg)

4 blllian 1b,

(1.8 billlon kg)

| 123 millian 1b.

(56 million kg)
4 milblon 1b,

" (1.8 million kg)

12,300 Ib.

(56,000 ky)

4,000 Ib,
(1,800 kg)

123 Ib,
(56 kg)




Major Fault Zones of California

Vg r-?" "-_;-:~.:- Fault Zones of Californiz RS T e T

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 California

f"’r.{'&# \ : ‘ .? %}’ 'l ‘ I

MAGNITUDES
@ 4,510 4.3

# 5010 5.4
® 55t 5.9

® 50w 6.4
@ 551 6.9

@ 70174

i 7.5t 7.9

8.0 and greater

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 California

1) Most fault activity is  ENEER
associated with the San SR s Eee
Andreas Fault Zone

2) The other zone is the
Eastern Sierra region

3) The most active in
Southern California are
the San Jacinto and S AN
Elsinore faults g
4) Short range quake § e
prediction does not \ .
Mon Feb 27 10:34:26 P5T 2017 Miles

eXiSt at thiS time | 72 earthoguakes on this map

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

3
2
o1
?




‘Big Ones” on the San Andreas

1) Three Big Ones in the On average, large

last 500 years on the SAF R 'E_ earthquakes recur
Y0 1 \] onthe San Andreas

2) Last Big One was on oo N fauf; ggﬂuf every
the Northern California g
segment in 1906

3) Last Big One on the
Southern California N 1857 My
segment was in 1680 |

ST S 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 Onen_%

most likely strike?




Earthquake Probability in USA

1) Geologists cannot predict an
earthquake at the present time

~ 2) Geologists can make statistically-

based probability esﬂm*
given faults’s chances of rup




Recent 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
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Origin of Tsunami

Tsunami can be generated by several means:

[ ]
- ey
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O A seismic sea wave is generated by a .
. . ] How a tsunami is generated
rapid vertical displacement of the sea by an earthquake at a subduction zone

bottom during an earthquake

wind-driven
surface waves
Ca A

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

Q The influence of gravity on the ocean loc 7N
s

surface anomaly will cause water column - P
oscillation resulting in a set of outwardly o creeping  h.

moving concentric tsunami waves AltaE

tsunami
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Earthquake-Tsunami Combo
The Deadly OneTwo Punch




https waw voutl be com/watch?v=23 https //WWW youtube. Com/watch’?v—F1
ViisU3kZE ZewAPI7L0

hitps: lwww. youtube com/watch2v=k8|AgUNr6éx4




Steps For Earthquake Preparedness

Identifiy potential hazards in your
home and begin to fix them!

Create a disaster
preparedness plan. [ ‘?‘T ’ﬁ"m m

Identify your building's potential
we-ﬂjmesses and begin fo fix them.

Prutm:nu fnursell during Euﬂlqualm ]
shalnng—[]liﬂll Em*EH AHI]
H'DLI]{]H .

After the wmm, check for ,t ¢N
for injuries and damage.

When safe, continue to follow pus @
your disaster preparedness plan. 451'; L




1) Fault rupture

2) Fault scarp

)
)
3)
)
)

4) Epicenter

5) Seismic Waves




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

. Rupture and release c:n.fenergy Rocks rebound to
4) Rebound Period original undeformed shape

> Removal of Bending

» Stress Relieved




Focus oF EARTHQUAKE

/

CrusT

5
o
,9" OUTER CORE

INNER CORE

Body Waves

1) P-waves

2) S-waves

Surface Waves
1) Love-waves

2) Raleigh-waves

Body Waves




1) P-waves
» Compressional
» Fast

2) S-waves
» Shear
> Slow

OoF EARTHQUAKE

CrusT

A
=)

4% OuTER coRe
%

INNER CORE

Compressions —

W' myelon Eth

e —

P-waves are twice
as fast as S-
waves




1) Love-waves

» Side-to-side
Shear Motion

2) Ra I e i g h -Waves Rayleigh wave

» Orbital Rolling ;
Motion

Focus oF EARTHQUAKE

= ARERIS SURFACE
WAVES i e

&
=4

,,-z%"' QUTER CORE
-

Surface waves are

very destructive to
building, dams, and

“bridges ——
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A Simple Seismometer
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Fundamentals of a Seismogram
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Reading a
Seismogram
1

2
3

P-wave Arrival time
-wave Arrival time

)
) S
) S-P Interval
)

4) Amplitude

Can you read a quake?

2 An earthguake has just hit- can you tell where: Study theze
seismu_qrﬂms
e Each clock started running when the first wave arrived (the “primaru w_av_e"}il

I[IIII
bl: 3

Calif., U3A

Loa Angeles
Calif., US5A

‘:‘i-#f.!m:ft chek atorted rning wHEn The Firsk weer arived

!nnnu..--q]-;a||||l|t|
a ] 2o a3

A

Miami
Flarida, USA

Kingston
i

_Jamaics

Rio de Janeiro

B Brazil




STEP 1: Measure

Fecord from P Wawa 5 Wane

Tepich, _ v .
hexioo

{TEIG) 1.5 minutes = 800 kflometers

F Wiz 5W e

Record fram ¥ ]
Ista Socamme, o1 A T WW-IML“L‘___L__‘_I
Mexdion

L ¥

(SOCO)

3 minutes = 1840 kilomeiers

P W 5 Wi
Record from ¥ ¥
Standing Stone,
Pannsylvania
L ]
{EEPA} 5 minuies = 3300 kilomsters
| Treweltime- AW Lol ]

1) Measure S-P Interval for T e T
each station

Time (zeconds)

2) Convert S-P Interval time into
ground distance from epicenter |y i s i s ke
us|ng Conversu)n Chart 800 1000 1200 1400 1600 1800

Digtance (kilometers)




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

2) Find distance from station to 4) Epicenter located where all
epicenter for each station three circles intersect

STEP 2: Locata

Kilometers

1800 T Station
Kilomeaters ! -

Earthquake Location




1) Measure amplitude of largest S-wave

3
4) Only need 1 station for determination

Magnitude is read from center scale

)

2) Plot line from distance to amplitude
)
)




Earthquake Epicenter and
Magnitude Internet Exercise

Welcome to

Virtual Earthquake
Internet Exercises

| —




Virtual EQ Certificate

it w04, bulotebeliio 1 1L b3 Pl

_ﬁ’

|
(i%*onq:detwﬁ

Joe ShakeRattleBEoll

Friday. November 07, 2014

The above named researcher has successfully completed
the histed activities ofthe EARTHQUAKE activity and will
soon be a VIRTUAL SEISMOLOGIST.

By Amithosity of the Virtesl Comrsewhre Project Coayright 2001
T S R s A TR A DR N R e -




Modified Mercalli Intensity Scale

I Not felt

| Felt only by persons at rest

-V Felt by persons indoors only

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

VIl  People run outdoors, damage to poorly built
structures

VIill  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

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




Japan Earthquake - Building Shaking

Alaska Earhquake - Modeled Building Motion

“are o




Surface Displacement Along Active Faults




Variationsiin subiStrate

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

J

EEIJEHI._ - o
Rock

High veloCity

.r'_\ﬂ_ t1 ""‘3::" _Tllmiwer Deposits) ! Low ampliude

Eo gl
R o
SRR High amiplitude Bl 151
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genaral damage analyss watar Famd e aRaTS

FEiERROn Ol etk electricity

repair snd retrofiting oas

garinduake resslant :i-;‘;-:a:-'_g": oMU HCa N

trathc

MANAGLA, LAKE

B S EEmaks T denircyed Mantgun canino

Soil dynamics
InCreass of GRIMAgE Ui 1o
sHa alfacis

Sl"!':.'i-:!': =Sluciuras
Qamana .'-|I"E||'_-'E.If.
SAPUCIurad pardmeters :E'_rn;:-!.!::r!_q

revision of building codas athvice for new constnciion

EXL NI L0







Building daindge e |
Roads and sidewalks »
Sand bols

Pipeline breaks

Water-Salu-ated S=dimen:

Walen Tillsin e pare space Waler cumiplelely surmurnds
betwaen graing, Friction allgraing and eliminata g all
betwea arains holds sediment arair to crain comact. Sed ment
fogetier. 1ows lice afluic,

Video 1

Video 2




Liquifaction

Liquefaction and its Effects
Before the Earthquake

Areas of flat, low lying land with groundwater only a few metres below the surface, can support buildings and roads, buried pipes, cables and
tanks under normal conditions.

S J—— .. Clayey soil

//

: .-
LS s e LT, T
_f’.".ﬂ.\*'.g; E_-::-;.,,: Lﬁ."‘eﬁf; :

Fine sand am:l silt below the watartnhie

During and after the Earthquake

During the earthquake fine sand, silt and water moves up under pressure through cracks and other weak areas to erupt onto the ground
surface, Mear rivers the pressure is relieved to the side as the ground moves sideways into the river channels.

Sand Boils (Sand Volcanoas)

Sand, ailt and water erupts upward under
pressure through cracks and flows out onto
the surface. Heavy objects like cars can sink
Irm:- these cracks. Sand, silt and water cover.—

EhE surface

Power poles are pulled over by their
wires as they can't be supported in Lateral Spreading
the liguefied ground. Underground River banks move toward each
cables are pulled apart. other. Cracks open along the banks.
Cracking can extend back into
properties, damaging houses.

LI

e -L:—:'c"—:’-g-
L R s Do P

; Irm sam:l and silt liguefies. and wata'lr
: . pressure increases.

T r
Tanks, pipes and manheles Aoat up in the liguelicd ground and break
through the surfacae. Pipes break, waler and sewage loaks into the ground.
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Advanced Earthquake Modeling
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1) Solid Rock

2) Dry Loose
Sediment

3) Water-
saturated Loose
Sediment

e i A

|

A i i A ks
N || |I L|i'!|hi“'|r "'\'ll'r'l' A T

'r
Solid




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
amount of fault movement

Wallace Creek

PR T, o B S T'-W‘ e i
O e ‘}. ) o6 j*{ S L ,ﬂ;?dﬁ
= i ok o

-~
- £ .
L 1

~ 100 yards

-

4) Age of offset feature gives averaged rate of displacement

-




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
cross-cutting principle and
C-14 dates. |




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

Recommended Pre-Lab Web Activities (Click on Link)

1) Construction of topographic and bathymetric profiles

2) Plotting map locations and taking bearings

'3). World dcean-bottom feat'ureéﬁand-TectoniC"b!a%
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