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Environmental Geology
Chapter 8
Earthquakes and Related
Phenomena

~ Northridge - 1994

Kobe -1995

Fall 2015

Mexico City -1985 ol

China-2008

Earthquakes

St sk Bheraems b b
ey

Thad M v i Ve Cae i w0 "
D e L E o
ot Page ot Wb 1]
"y e Vs, £ ] ]
Lt Lo, Coebn n L]
Ll Dt vl 13 )
o Wl g e .
L it Pt it s ] it w0 “
hat e, Db e o ] e
s -
e o . A o,
= RN = i [ . L
Sl it
om ok o b bbbl 0

Earthquake Magnitudes

Richter Magnitude Scales (M, M, M,)
0 Used log-base 10 formula of form:

M=a+blogD +log (AT)
338 09000 bl

0 Incorporated distance, frequency and local
p e =10 Mg -1 s 1000 por oy .
Mg 13 st 1000 oy corrections.
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Moment Magnitude (Mw)

0 Uses total energy released (seismic moment):
Mw =2[3 log M, -10.7

0 Still Log(10)-based
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Earthquake Intensity
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Earthquake Intensity

Seattle, 2001 (M6.8)

Northridge, 1994 (M6.7)

Earthquake Intensity

Intensity is affected by:
a) Local geology

b) Construction quality

c) Distance from the focus (depth and epicenter)
d) Duration of shaking

“Earthquakes don’t kill people, buildings do”

Earthquake Locations

Earthquake Locations

The New Madrid Seismic
Zone
- earthquakes since 1974

Fault Types




Fault Types
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Fault Zones and Segments

Fault zones are groups of related faults roughly parallel to each other.
Fault zones can vary in width from < 1m to several km.

Earthquake segments are those parts of a fault zone that have ruptured

as a unit during historic and prehistoric earthquakes. These segments are

most important when evaluating seismic hazard.

An active fault is one on which an earthquake has occurred during the last

10,000 years. Often, paleoseismic studies are needed to determine if a

fault segment is active.

Some agencies (NRC) define faults as capable (50,000/500,000 years)

Fault Zones and Segments

Slip rate is defined as the ratio of slip (displacement) to the time interval
over which it occurs.

The average recurrence interval on an active fault may be determined by:
0 Paleoseismic data

o Sliprate

0 Seismicity

Problem: Fault slip rates and recurrence intervals change over time, so
what does the average mean? Distribution may not be normal -
earthquake clusters are not uncommon.

Fault Zones and Segments

Tectonic Creep is slow movement
along fault segments.

Slow Earthquakes are now
recognized by scientists, where the
motion is very small but distributed
over a large fault area and can
occur over days to even months.

Earthquake Waves and Ground
Shaking

Love Wave?
Side-to-side
motion in
horizontal plane;
surface wave
(like Rayleigh)

Earthquake Waves and Ground
Shaking

Seismographs record earthquakes.

Earthquake waves separate with
distance, and get smaller. In
addition, higher frequency waves go
away (attenuation).
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Earthquake Waves and Ground
Shaking

Amplification occurs as waves travel
through unconsolidated sediments.

Even though the epicenter for the M8.1
Mexico City Earthquake of 1985 was 100’s
of km away, severe damage occurred due
to amplification.

Earthquake Waves and Ground
Shaking

Amplification occurs as waves travel
through unconsolidated sediments.

The 1989 Loma Prieta Earthquake is
another good example of damage
distributions controlled by geology.

Earthquake Waves and Ground
Shaking

Directivity happens as greater intensity of
shaking occurs in the direction of fault slip
along an earthquake fault. e

The 1994 Northridge Earthquake shows
directivity well.

Earthquake Waves and Ground
Shaking

Ground Acceleration
during earthquakes is
often expressed in
terms of %g, where g
is the acceleration of
gravity (g = 9.8 m/s?).

Accelerations >0.3g
can cause damage.
>0.7g can cause
widespread damage.
Poor construction
can fail at 0.1g

Earthquake Cycle

Earthquake cycle or elastic
rebound hypothesis
developed after 1906 San
Francisco earthquake.

Cycle:

Seismic inactivity -> major
earthquake -> aftershocks -
> increased seismicity and
deformation -> foreshocks -
> major earthquake.

Dilatancy-Diffusion Model

The Dilatancy-Diffusion Model proposes that water at seismogenic Aepths
plays a major role in the generation of earthquakes. As rocks undergo elastic
strain, they dilate (increase in volume) allowing fractures to develop. As
dilation continues, an influx of water into the fractures causes an increase in
seismic velocity and weakens the rocks. This can lead to slip and earthquakes.
Increases in fluid pressure can facilitate earthquakes or failures along fracture
surfaces. The fault-valve mechanism hypothesizes that fluid pressures rise
until failure occurs, and earthquake happens and fluids migrate upwards
along the faults. Faults in effect act as conduit for fluids.

Another term for a similar idea is hydroseismicity, where earthquakes can be
generated in non-tectonic regions by deep circulations of fluids in fractured
rocks.
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Human-Induced Earthquakes

Human-induced earthquakes can

occur due to:

a) Loading (reservoir-induced
seismicity)

b) Deep waste disposal (Rocky

| | il Mountain Arsenal)

I S il = ¢) Underground nuclear testing

Effects of Earthquakes

Shaking and Ground Rupture

Effects of Earthquakes

Liquifaction from New Madrid region
(above) and Christchurch, NZ (left)

Landslides (2002 Alaska M7.9)

Fire (1995 Kobe, Japan M6.9)

Effects of Earthquakes

Other effects:
a) Disease
b) Regional elevation changes
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Tsunami

Tsunami (2004 Indonesia, M9.0)

Tsunami are generated by movement of the sea floor, or by mass movements Japan 2011

displacing millions of tons of water.

Earthquake Risk

Earthquake risk assessment is primarily done using a probabilistic approach
resulting in a forecast of this type:

“An earthquake of magnitude 6+ has a probability of P over the next X years.”

Risk is estimated using

* Geology, particularly the location of capable or active faults

* Paleoseismology, to understand the pre-historic earthquake history

. * Geodesy, plate movements, speeds, etc. determined by GPS and satellites
——- « Seismology, location and magnitude of earthquakes along particular faults

Pacific Ocean tsunami travel times.

Earthquake Risk Short Term Prediction

Short-term prediction of earthquakes is not possible. Even after the decades-long
Parkfield Experiment in California, looking for definite precursors appears to be
elusive at best. Things that have been used as earthquake predictors/precursors
are:

» Patterns and frequencies of small earthquakes before a major earthquake
» Preseismic deformation of the ground surface (shape change)

» Emission of radon gas

» Seismic Gaps

» Anomalous animal behavior

wmseeinee = Earthquake hazard map, CA
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Short-Term Prediction

Seismic History of California

Earthquake Hazard Reduction

Programs

The National Earthquake Hazard Reduction Program has the fdllowmg major
goals:

1) Develop and understanding of the source (measurements and models)
2) Determine earthquake potential (fully characterizing active regions)

3) Predicting the effects of earthquakes

4) Apply research results

Adjustments to earthquake activity

Earthquake Hazard Reduction

Programs

include: T =
a) Structural protection (engineering ,m»J' - —
solutions) B = %
- . 5 " AW
b) Land-use pl?nnlng (don’t build oA
close to active faults!) A H
R . )
¢) Increased insurance and relief " ek 5=--—

efforts

ZO=~n-Omme

Earthquake Hazard Reduction

To avoid destruction like this, if you live

in or near and earthquake prone area,

you will need to prepare for the

eventuality of a large event.

« Before the event, educate yourself.
Have a plan and practice it

¢ Duck, Cover and Hold during the
event

* Afterwards, don’t panic! Check on
your family and neighbors and check -
for water and gas leaks. If your
home is damaged, be prepared to go
elsewhere. Be prepared for
aftershocks.




