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Earthguakes

. rocks breaking and
movement of rock along break

. locus of the earthquake
movement

e faults come at all scales, mm to
separation of lithospheric plates
(e.g., San Andreas).



Elastic Rebound Theory

o Stress Is applied to rock

e Strain energy builds up for rock
does not break at once

e Eventually, rock ruptures and
 Energy Is released as heat &



Elastic Rebound Theory
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Elastic Rebound Theory
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Elastic Rebound Theory




(d)

Elastic Rebound Theory

~ Amount of slip

Fig. 18.1d



1906 San Francisco Earthquake
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1906 San Francisco Earthquake
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Earthguake terms

. site of initial rupture

. point on surface
above the focus



Seismic Waves Radiate from the
Focus of an Earthquake

Fault scarp
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2 KINDS OF SEISMIC WAVES

« BODY WAVES - WAVES THAT
MOVE THROUGH THE BODY OF
[HE EARTH.

« SURFACE WAVES - WAVES
THAT MOVE ALONG THE
SURFACE OF THE EARTH.




Two kinds of body waves

(compressional) 6—8 km/s.
Parallel to direction of movement
(slinky), also called primary waves.
Similar to sound waves.

(shear) 4—5 km/s. Perpen-
dicular to direction of movement
(rope); also called secondary waves.
Result from the shear strength of
materials. Do not pass through
liquids.
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l Seismic body waves
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Direction of P-wave travel
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Direction of S-wave travel




2 KINDS OF SURFACE WAVES

« LOVE - rolling motion

e RALEIGH - ground shakes
sideways

 These waves travel slower than s-
waves and are formed as p- and s-
wave energy hits the surface.



Side-to-side swaying of objects
on Earth's surface is opposite
to wave motion

Direction of
‘surface-wave

(a) Side-to-side Ce-W
propagation

motion

Direction of
‘surface-wave
(b) Up-and-down | propagation
rolling motion -




Seismology

e Study of the propagation of mechanical
energy through the Earth; released by
earthquakes and explosions.

 When energy is released in this fashion,
waves of motion (like the effect of a
pebble tossed into a pond) are set up in
the rocks surrounding the source of the
energy (the focus).



Selsmic waves

e \Waves are started because of
initial tension or compression In
the rock.

e |nstruments used to measure
these waves are called
seismographs.



The principle of the inertial
seismograph

Hand moved
rapidly upward;

inertia prevents weight
from moving; spring
stretches instead

Cogyright 2000 John Wilay & Soms, Ins. All dghis reserved



« Recording
earthquakes

Support Support

Rotating drum

Raotating
drum

C.
Movement of piers due to seismic
Pier cementad vibrations causes slight changes in
in ground the measurement gap

Silica-glass tube \

Ceopyright 2000 John Wiley & Soms, Ine. All ighis resamnved,
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Seismograph L ‘
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Seismograph Record and Pathway
of Three Types of Seismic Waves

Seismograph
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Locating an epicenter

e The difference between the arrival
times of the P and S waves at a
recording station is a

* Therefore, you need three stations
to determine the location of an
epicenter - triangluation.




Locating an earthquake

Cepyright 2000 John Wiley & Sans, Ine. All nghils resenved.



Seismograph paper moves in this direction
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Time elapsed after start of earthquake (minutes)

Seismic Travel-time Curve
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Locating the Epicenter

° 0

| 500 km
8600 km

Epicenter
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Global

; Positioning

System
(GPS) to
Monitor
Ground
Motion



Measuring the force of earthquakes

1.

1964 Alaska earthquake displaced
some parts of the seafloor by ~ 50 ft.

1906 San Francisco earthquake moved
the ground ~8.5 ft.

2. displaced
Alaska — 70,000 sq. miles



Measuring the force of earthquakes

3. of shaking
Up to tens of seconds

4. scales ( )
Based on damage and human
perception

5. scales ( )

Based on amount of energy released



Modified Mercalli Intensity Scale

I Not felt

Il Felt only by persons at rest

llI-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



Richter Scale

Richter scale: amount of energy (ground
shaking) received 100 km from epicenter

Largest quake ever recorded = 8.9 (rocks
not strong enough for more).

Earthquakes less than Mag. 2 are not felt by
people.

Scale is logarithmic:



Maximum Amplitude of
Ground Shaking Determines
Richter Magnitude

Maximum
amplitude

Arrival of o N
sejismic -
waves




Richter Magnitude Versus Energy

Magnitude Energy release
(equivalent kilograms of explosive)
|

|
[
: Earthquakes Energy equivalents :
[
L |
0 Chile {1960) — 56,000,000,000,000
9 Alaska [1964) § < |- B
Great earthquake: near total Krakatoa aruption 1,800,000,000,000
destruction. massive loss of ife MNew Madrid, MO (1812) ;
8- el 3 Worid's largest nuclear test [LISSR) ]
Major sarthquake: savers San Francisco, CA (190&) Mount 5. Helens Eruption 56,000,000,000
economic effects; large loss of |ife Charleston, 5C {1886)
7 - Loma Prieta, CA (1989 20 —{ 18,000,000,000
Strong earthquake: Kaobe, Japan (1995} SRR Ao
¢ | damage ($ billions); loss of life Morthridge, CA (1994) 200 Hiroshima atomic bamb —
(D atd e (hou e Long Island, N {1884)
A Kl 2,000 |
Light sarthguake: " Average tornado -| 1,800,000
some property damage
4~ 12,000 -
Miner earthquake: 56,000
felt by humans Large lightning bolt
3 100,000 Oklahoma City bombing — 1.800
Moderate lightning balt
2 1,000,000 iy
g Mumber of earthquakes per year (worldwide) 2




6. Moment Magnitude Scale

 New approach for indicates what
happened at earthquake source rather
than amount of ground shaking - based
on amount of energy released
— Product of :



Forcasting vs. Predicting
Earthquakes

means to guess only at
the place and magnitude of an
earthquake

means to guess at the

place, magnitude and time of an
event




Earthguake prediction

Long term—imprecise (within 5
years)

Short term—precise (very
difficult)

We can't stop earthquakes, so
we have to be prepared for
them.



SHORT TERM CLUES

 Changes in speed of P-waves
e Change In tilt due to rx. dilation
e Unusual animal behavior
 Changes in water level in wells
* Foreshocks

e Seismic gaps - long term clue




Seismic Gaps
INn the circum-Pacific Belt

Conditional Probability
Bl 50-100%

Bl 40-60%

I 20-40%

[ ] Stress relisved




Stress
Changes
Caused by
Regional

Earthquakes
in Southern
California
(1979-1992)




Dilatancy of Highly Stressed Rocks

Microseismicity

Tilt or bulge |
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Instant of
rupture
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Sudden drop
in stress after
earthquake




Damage due to earthquakes

a. “Eaﬂhquakes
don’t kill people,buildings kill people.”
b.

a.
b.

generate speeds up to 500—800 km/hr

In open ocean; only ~ 1m high but get

larger when water gets shallow.



Damage due to earthquakes

c. All kinds of

— sudden loss of strength
of water-saturated sediment

Buildings sink intact

d. Dam break; rivers change
course



Effects of the 1994 Northridge, CA,
Earthquake
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Effects of the 1995 Kobe, Japan, Earthquake
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Generation of a Tsunami

/‘ Motion of
faule block

Fig. 18.19



Computer simulation of tsunami radiation caused
by a magnitude 7.7 earthquake in the Aleutian Islands

North
nAmerica

Epicenter

Fig. 19.18
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Destruction
Caused by
1998
Tsunami,
Papua New
Gulinea

Fig. 18.20



i

k. Tsunami Barrier in Taro, Japan
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New Housing
Built Along
the 1906
Trace of the
SEUNAGEER
Fault

Fig. 18.22
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Demonstrating Earthquake Safety in Japan
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Recent Earthquakes of Special

Interest

Izmit Loma Prieta

# T Kobe /
' Northridge

Papua

Gray daots indicate earthquakes that occurred during the last |0 years.



Distribution of earthquakes

e Not random

* Focused around plate
margins in long linear belts

e Also see In volcanic regions

* And In plate interiors



World Seismicity, 1963—-2000
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Earthguakes & Plate Margins

- low magnitude
& shallow focus (<100 km)
earthquakes (eq) -> normal
faulting

- shallow focus
& Intermediate magnitude -> strike-
slip faulting



Earthquakes Associated with
Divergent and Transform Margins

<—— Tensional forces———>

Rift valley (divergence)

L|L|'| GSF’*']EI‘E

¥ Shallow earthquakes
(tension and normal faulting at divergent
boundaries; strike-slip at transform faults)



Earthguakes & Plate Margins con't

shallow to deep (700 km) & high
magnitude eqg. -> thrust & reversed
faulting

- shallow
to intermediate focus (300 km)& high
magnitude eq. -> reversed & thrust
faulting



Earthquakes Associated with
Convergent Plate Margins

Ocean trench
(convergence)

% Shallow earthquakes

o Deep earthquakes
(mainly thrust faulting)



Sea level Tonga

Tonga Trench

Copyright 2000 John Wiley & Sons, Inc. All nghls resernved.

Benioff
one
beneath
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