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EARTHQUAKE

Earthquake

J

4

J

A series of shock waves generated at a point (the
focus) within the Earth”s crust or mantle

The point on the surface of the Earth above the
focus is called the epicenter

Three main types of wave motion are generated
by an earthquake: P-Waves; S-Waves; dan L-
Waves

Faul: scarp
- Fault trace
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Fault plane



EARTHQUAKE

P-Waves S-Waves L-Waves
* High-frequency * High-frequency e Low-frequency
e Short-wavelength  * Short-wavelength * Long-wavelength

* Longitudinal waves ¢ Transverse waves * Transverse vibrations
e Can be reflected and * Can be reflected and ¢ Confined to the outer

refracted refracted skin of the crust
* Travel through the -« Travel through the * Responsible for most
solid and the liquid solid part of the of the destructive
part of the Earth Earth at varying force of earthquake
velocities.

* Propagated in all
directions from
the focus



EARTHQUAKE

Seismic Wave Types

J Body Waves
>Primary or Compressional (P-wave)
>Secondary or Shear (S-wave)

J Surface Waves
>Rayleigh (large vertical displacements)
>Love (shear)



EARTHQUAKE

Seismic Wave Types
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EARTHQUAKE
Elastic Rebound Theory
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EARTHQUAKE
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EARTHQUAKE

Equations for velocities

1/2
V,= {k + 4/3,11 P density
P
#  shear modulus (rigidity)

k  bulk modulus (rigidity)
1/2

because shear modulus (rigidity) for fluid is zero,
S waves cannot propagate through a fluid

consequence of equations is that P-waves are 1.7x faster than S-waves

can infer physical properties from P and S waves



Effects of the Earthquake
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Earthquakes don’t Kill people - buildings do!
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Effects of the Earthquake
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B Soil Liquefaction - 1964 Niigata, Japan
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Effects of the Earthquake
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| o Surface Dlsplacement 1964 Alaska

Proto by U.S. Geological Survey



Effects of the Earthquake
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B | Ground Ruptljre 1906 Olema CA

Photo by G. K. Silbent, UGS, Geological Sursey



Effects of the Earthquake
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Effects of the Earthquake
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Buckled Concrete - 1971 San Fernando,‘.CA

Fhoto by Uavid MchEeary



Effects of the Earthquake
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{5 Tsunami Devastation - 1964 Alaska Earthquake

Photo by Nationsl Geophysical Data Center



Effects of the Earthquake

Copyright © McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Effects of the Earthquake
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Locating the Earthquake

Vertical Component Seismometer
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Locating the Earthquake

Horizontal Component Seismometer

Copyricht @ McGraw-Hill Companiey, nc. Termissior required for reprodustion or display.
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Locating the Earthquake

First Arrivals — Seismographic Record
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Locating the Earthquake

Distance — Time Ralations
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Locating the Earthquake

P vs S Wave Travel Time Curves
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Locating the Earthquake
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Measuring the Earthquake

e 3 distinct methods to measure earthquakes. Two based

on energy and one based on intensity.

— Richter Magnitude Scale: originally developed for
southern California. Log scale, which has no upper
bound. Small earthquakes may yield negative
values. Tends to be inaccurate at >7 magnitudes.

— Moment Magnitude Scale: measurement of the
amount of work done during the earthquake. Based
on rock strength, area of rupture, and displacement
during event.

— Modified Mercalli Intensity Scale: based on the
damage associated with a particular event at a
particular location. Ranges from | (less damage) to
Xl (most damage).



Measuring the Earthquake

Magnitude-Description-Intensity-Frequency Relations
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Comparison of Earthquake Magnitude, Description, Intensity,
and Expected Annual World Occurrence

Richter Maximum Expected Annual Expected
Magnitude Description Mercalli Intensity at Epicenter Number

2D Very Minor | Usually detected only by insfiruments €00,000

2028 Very Minor -1l Fed by soma indoors; sspecially on upper fioors 300,000

3039 Minor I Faltindoors 49.000

4.0-49 Light V=V Feit by most; slight damage €,200

5.0-5.9 Mederete YI-VIl Felt by all; damage miner t¢ moderate 800

6.0-6.9 Strorg VIV Everyone runs cutdocrs; modarats 10 major damage 266

7.0-79 Major X=X Major damage 18

6.0 or higher Great X=Xl Mazjor and {otal damage lor2

Sourze: U .S Geclog cal Suvsy




Measuring the Earthquake
s noMIQified_ Mercalli y.Index.{1931

circy A

Il Feltonly by & few porsons at resl, especially on upper foors ol
buikings. Delicately suspended objects may swing.

Il Felt quite nolceably indoors, especially on upper foors of bulld-
ings but masy people do not recognizy i as an earthquake
Starding molor cars may rock shightly. Vibeatior ke passing of
truck. Duralion estimated.

I/, Durhg the day felt incoors by many, outdoors by few. Al night
some awakesed. Dishes, wincows, doors distubed; wals made
cracding sound. Sensation lie heavy tuck striking bulking.
Starding moior cars rocked noticeably

/. Falt by naarly averyons: many swakenad. Soma dishes windows,
elc., broken; a few inslances cf cracked plaster, unsiabie objects
overturned. Disturbance of trees, poles, and other tall odjects
snmatimes miticad. Panduhim cincks nay stop

VL. Feit by all; many frighened and run oudoors. Some heavy funi
ture moved; a few instances o fallen paster or damaged chim-
nays. Damace elight.

Vil. Evesybody nuns outdoors. Damage neghigitve in buildings of good
desin and constructien; sightto moderate in wail-bulit ardinary
slruchurne; consiclaradle in pocrly buit ¢ badly decigned etruchures;
soma chimneys broken. Noticed by persons driving motor cars.

VIl.  Darrage siight in spedally designed stuctures considérable in
ordmary aubstantial tuildinga with parel collagae; greatin poory
bult structures. Panel walls thrown out of frame structusas. Fall of
chirmneys, aory stadks, columng, manuments, walls, Heavy fu-
niture overtuned, Sand and mud ejected In amall amounts,
Chages in well wate'. Persons diiving motor cars disturbed.

IX. Damage considerable in specally despned stractures; mell-
Uessignesd fraumee struciures tiroan oul of planiy; geesn! in subsian
tiad tuldings, with paial collapse. Buitlings shéted off bunda-
tions. Ground cracked conspicuously. Underground pipes brokea.

X Somre well-Dulll Woodan SINCIeS Jestiroyed; Nost masonry and
frama structures destoyed with foundations; ground basly
cracxed. Raik bent. Considersble tandsides from river banks ard
sleap slopes Shefted sand and mud. Water splashed (sopped)
over banks.

X, Few if any, (masonry) structumes reman standing, Bridges de- .
stroyed. Broed fssures In ground. Undarground pipelines com-
pletely out of service, Earth slumps and land slps in st ground. - ™.
Rails bent graatly. A. % b SR

Xil. Darrage totd. Waves seen on ground surtace. _ines of sght and 2%,
lavel distorted. Objects thrown upward inlo the air,

T T 1886 Charleston, SC earthquake.__ |




Measuring the Earthquake

Ea-thquake Magnitudes

Historical Earthquake Magnitudes

Wit SV Orarv il Cumpmeosa b

et Fam W YUIOU R 1 Ooe sseall an o Rakae

Rickter Maoment

Magnituda Magnitude
e -2 New Maded, MNissoed arca v5 7.3, 7.E .. T0, 7.
1867 Sert Tohcn, 5. Colit B 25
1R72 araFinn. T3 ™ 7F
1880 SAresnn, Saurn Camina nhZ FRY
1906 San Frandisco, 1. Gl 325 77
101s Soxaon: Vallyy, Navedn .7 71
1933 arg Ecach, S Cal¥. 53 2
T2 LOMLUOUNL = LA, rZ /.2
190545 D aevaley Mevade Lt 723,69
1067 Ao o Mlarcn, Jlasia 31 8%
16649 woutheaeior Alsckn o z
159549 -=acani 3ka Mnnianae T T5
195G ] 2.5 <
159G wear Ancrorage, Alasks 05 8z
1065 Ala sSam Itlarcle, Alaska 32 as
1= “ani 75 1.5
120 San Feviarcdo Valey, 5. Cadt 5.4 ac
1903 A weani ve 7.5
10906 —yna TE 7
1960 o sehold Coanty N Cail a0 Z
1963 “3ima. Calr L G«
1509 Shalis amho TE 7.5
1663 Adiondack Mouvtwne, MNow York o | A
1083 —¥wai 55
TEey wIOn, Menocsy N
1987 ANTIUs i, 1Bz 30 ac
1087 Ahascr, €. T, > &<
1983 Duetec 50
Ty “S5Ma FeEaL N, AT L ) rlz
1963 “Amwait 2.1 as<
1962 tarizolan County, . Cad T100.G7
1962 ~ardow S.Cald 8, €Y 726 6.0
17433 Nawthncige Soalt na L)
1964 Loley, Jrpur [7.2 on Jegswwesas ssale) 55 as
1960 Sapamy New Coinee L)
1009 2t Turkoy 7.4
15 TSP, Eaann 7e
<L =1 SEnazor i
001 Sujpsal, I 73
2001 Sugot Sound (Micqualihyh Wackingtcon 6t

LS Caologis) Suresy v O e Xowrooe




Earthquake and Plate Tectonics

« Earthquakes at Plate Boundaries
* Subduction Angle



Earthquake and Plate Tectonics
Earthquake Distribution
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Earthquake and Plate Tectonics
Relative plate motion and boundaries
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Earthquake and Plate Tectonics

different types of structures are associated with each boundary type:
divergent/rifting: extensional (normal faulting)

Crustal Plate Boundaries




Earthquake and Plate Tectonics

Divergent Boundary and Earthquakes
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Earthquake and Plate Tectonics

Earthquakes along
“wm |Mid-ocean ridge are

=« |shallower than those

_ |along subduction zone
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Earthquake and Plate Tectonics
Transform Boundary and Earthquakes
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Earthquake and Plate Tectonics
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Earthquake and Plate Tectonics
Convergent Boundary and Earthquakes
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Earthquake and Plate Tectonics

Shallow VS. Deep Subduction Earthquakes
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Continent Continenl

A

Qceanic trench Continenl
|
|

Qceanle crust

Underlhr;.lsii ng

Comprazsion -

Continent-continent collision
zones have broad areas of
of relatively shallow seismicity

Ocean-continent convergent
margins have earthquakes foci
that extend to great depths.
Mechanism tend to change from
extension to compression
downdip.




Earthquake and Plate Tectonics
- — shallow

Daprh lkmi

260

142 144°C

e Epicenters: location of earthquake rupture projected to
surface;

* Dip of slab leads to observed seismicity patterns: deeper
farther from trench

e Location of downgoing slab as it dives into mantle is defined
by seismicity.

e Earthquakes occur along an inclined belt: the Wadati-Benioff
zone reaches maximum depth of ~670 km

from: http://www.geo.Isa.umich.edu/~crlb/COURSES/270



Earthquake and Plate Tectonics

sy (. Seismicity of subduction zones
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Seismicity Fiji Islands

Region: 1977 - 1997 =

“e 1 541

Seismicity of Japan and Kuril Island:
1975 - 1995

Seismicity of Peru-Bolivia
Border Region: 1977 - 1997 all from: http://www.pmel.noaa.gov/vents/coax/coax.html



Earthquake and Plate Tectonics

Tomography (3D seismic)

Volnansa
o8 71

N § 'w*h-;c
P i

blue is fast...
interpreted as slab

Depth (km}

520

837

Fiji

P-wave Toamography
Lau i
Spreading ;f?a ::'t: o

Centar

5%

=
P velocity anomaly

note continuity of blue slab
to depths on order of 670 km

slab is cold and thus can have
earthquakes at greater depths

from: http://www.pmel.noaa.gov/vents/coax/coax.html



Earthquake and Plate Tectonics

@ Shallaw
| { Intermediate
1 @ Deep

Seismicity along subduction zones:
earthquakes are shallow, intermediate, and deep
but have systematic location related to subducting slab
shallow adjacent to trench and deep farthest away

from: http://www.geo.Isa.umich.edu/~crlb/COURSES/270



Tsunami Hazard Area Map of Indonesia
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Earthquake Hazard Area Map of Indonesia
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Map of Distribution of Active Faults and
Destroying Earthquake Epicenters of Indonesia
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