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Laboratory Exercise: Earthquakes

See Classes 4 and 5 on
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Carthquakes are also caused by crustal flexing in plate interiors (e.g., New Madrid) and by the movement

Kes, but these events are



Laboratory Exercise: Earthquakes

—arthquake terminology

* When a fault ruptures because stresses across the fault plane exceed the strength of the material, the rupture point
within the crust is called the focus (also known as focal point) of the released energy, which travels radially outward in
the form of seismic waves. The point on Earth’s surface albove the focus is called the epicenter, and the vertical

distance from the epicenter to the focus is called the focal depth.

* P and S waves - Seismic energy Is released as compressional waves (P-waves), which can travel through both solids
and liquids, and as shear waves (S-waves), which have a side-to-side motion and cannot travel through liquids. P-
waves, and the vertical and horizontal planes of S-wave motion, are recorded by seismograms as seismographs at
seismic stations around the world. The most damage to property is caused by large-amplitude surface shear waves

that can violently shake the ground for several seconds or even minutes.
P waves travel faster than S waves. Average P wave velocity in the up
s while S wave velocity is more like 5 km/s. Therefore it is possible to use-

First Motion study. Even though the speed of seismic waves varies accoro

tude of the earthquake, a
INg to the depth of an ear

oer part of the mantle is on the order of 8 km/

helr respective arrival times at different
seismic stations around the world to estimate both the location and magni

process known as
‘hquake and the

types of crustal rock that the waves travel through, the time interval between the first arrival of P and S waves, usually
expressed in seconds, allows for a good estimate of the epicenter — provided that at least 3 differen

locations are used to triangulate the epicenter’s location.

' selsmic station

 Earthquake magnitude (expressed as My) is an estimate of the energy released, using a base 10 logarithmic scale

(.e., an Mw7.0 releases ten times more energy than an Mw6.0 earthquake). Magnitude can lbe roughly estimated from
the maximum amplitude of S waves that are recorded at a known distance from the epicenter.
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A simplified version of a seismogram, showing the first
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Laboratory Exercise: Earthquakes

Tohoku, Japan Earthquake: Shaking Duration in Tokyo, <

Ground Velocity

ERI-1555_1_20110311144726

ERI-1555 1 2011/03/11 14:46:56 Seismic Intensity : 4.82

Velocity [cm/s] N-S

1.50e+001 - Max.= 13.8017 Min.= -13.3086
| ... \
- l WL i 1
-1.50e+001 -~
Velocity [cm/s _ o
Pyl ew Max.= 130353 Min.= -14.9510

TATIHANMUVLLLA' LA A e Al ALA e

y

W IIl.‘.‘IIHIH‘ ALLAS VAMAAAAA R AN A
l F l'! (L "'

-1.50e+001 -~ \

Vebdty[cmls! U-D VM‘“‘ 6.2033 Min= 69171
6 minutes

1.50e+001

«1.50e+001 -~

0 100 200 300 400 500

Time [s)

Real seismograms for the March 11, 2011 Tohoku, Japan, Mw=9.0 earthquake.
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0

1000

2000

Depth
/ km

3000

4000

5000

6000

0

2

Seismic velocities / km s-1
4 6 8 10 12 14

N

Q1.

Q 2.
Q 3.

Q4.

Q5.

(@) At which depths do the S and P-wave velocities change suddenly?

(o) How are the S-wave and P-wave velocities changing at these depth”?
(For example,‘wave velocity decreasing’).

Why does the S-wave velocity drop to zero at a depth of 2900 km?

(a) In what way is the P-wave velocity plot different from the S-wave
velocity plot between the Earth’s surface and 2900 km depth??

(o) In what way is the P-wave velocity plot similar to the S-wave velocity
plot between the Earth’s surface and 2900 km depth”?

Where on the graph are (1) the crust, (2) the mantle, (3) the outer core,

(4) the inner core

What are the properties of the different layers labelled 1-4 in the

diagram below”? On this diagram the crust is shown thicker than it really

IS, SO that it can be seen. For layer 1, the answer is:
(1) ‘P- and S-waves pass through the crust, so it is solid.’



http://www.rsc.org/Education/Teachers/Resources/jesei/waves/home.htm#Q2
http://www.rsc.org/Education/Teachers/Resources/jesei/waves/home.htm#Q3
http://www.rsc.org/Education/Teachers/Resources/jesei/waves/home.htm#Q4
http://www.rsc.org/Education/Teachers/Resources/jesei/waves/home.htm#Q5

Laboratory Exercise: Earthquakes

Seismic velocities / km s-1
0 2 4 6 8 10 12 14

0 - —

Q 1. (a) A little more than 0 km, at 2900 km and at about 5100 km.
(o) Both P- and S-waves show rapid increase in velocity just below the

1000 surface (beneath the crust), varying but rising velocities to almost 1000
km depth, then slowly increasing velocities to 2900 km. S- and P-wave
| S P velocities drop significantly between about 100 and 250 km depth. In
2000 the zone between 2900 km and 5100 km the S-wave velocity is zero
Depth Q 2. Wave velocity drops to zero at 2900 km depth, as this is where liquid core
I km starts, and S- (shear) waves cannot travel through liquids.
3000 Q 3. (a) P-wave velocity has a higher value and a greater gradient than the S-

wave velocity plot. P-wave velocity reduces sharply at 2900 km depth
but not to zero as S-wave velocity does.

4000 |- P (o) The shape of the P-wave and S-wave velocity curve is very similar.
Q 4. 1 crust to 20 km, (2) mantle between 20-2900 km, (3) outer core between

i 2900-5100 km, (4) inner core between 5100-6500 km.

5000 |- Q 5. 2 P-waves travel faster through mantle than S-waves. Mantle is solid
] 3 S-waves cannot travel through outer core so it is liquid

I S 4 P-and S-waves travel through inner core so it is solid.

6000 |-
Ry e ) |
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Laboratory Exercise: Earthquakes

—XERCISE 1: Loma Prieta, California (Adapted from lalb exercise of Dr. Gary Novak, Cal State University, Los Angeles)
This exercise uses seismic records obtained from three separate seismic stations to estimate (a) the epicenter, and (b) the magnitude of an

earthquake that occurred near San Jose, California in 1989.

] 250 250

] 200 200

i 150 150

- 100 == 100

I i S IFRE | R _ 50 ‘ i 50
b T ‘ = ! - iRITE &y i A M"""’rl e o A IR 0 mm

- 4 50 ! it Bl 50

100 : 100

150 150

200 200

250 250

0 10 20 30 40 S0 B0 70 80 90 {00 110 0 10 20 30 40 S0 &0 70 80 90 100 110

A. Seismogram from Eureka, California seismic station. C. Seismogram from Las Vegas, Nevada seismic station.

- P-waves travel faster than S-waves, therefore the time for P-waves to travel a specific
200 distance (e.g., 200 km) is less than the time taken for S-waves to travel the same
150 distance. S-wave minus P-wave (5—P) travel times as measured on a seismogram give

;‘E’_f’ the distance of the seismic station to the epicenter.

T . ! ol it B M Libb : 3 ; ) 0 mm
a0
100
150
200
250

| 10 20 3l 40 1] bU U ol 40 I

B. Seismogram from Elko, Nevada seismic station.



Laboratory Exercise: Earthquakes

—XERCISET: Loma Prieta, California (Adapted from lab exercise of Dr. Gary Novak, Cal State University, Los Angeles)
This exercise uses seismic records obtained from three separate seismic stations to estimate (a) the epicenter, and (b) the magnitude of an

earthquake that occurred near San Jose, California in 1989.
| 250 250
200 200
i 150 150
. '_ 100 : 100
1, | 4
{ a1 sumn 111 em 1 _ 50 - ‘ 50
) . i\ 84 40 mm ot &ui At U ) 0 mm
: 1 150 i !, 50
1 100 100
150 150
200 200
250 250
0 10 20 30 40 50I &0 70 20 90 100 110 0 10 20 30 40 20 &0 70 80 90 100 110
A. Seismogram from Eureka, California seismic station. C. Seismogram from Las Vegas, Nevada seismic station.
- Epicenter estimation
200 1. To obtain the earthquake’s epicenter, first measure and record the S-P intervals on
1150 each of the three seismograms.
100
50 The S-P interval for:
iemmicn - L I VRN TV R L I s : 0 mm Eureka.
°0 Elko:
100
. Las Vegas:
200
230
| 10 20 au 41 I bU (I ol S0 [

B. Seismogram from Elko, Nevada seismic station.



Laboratory Exercise: Earthquakes

—XERCISE 1: Loma Prieta, California (Adapted from lalb exercise of Dr. Gary Novak, Cal State University, Los Angeles)
This exercise uses seismic records obtained from three separate seismic stations to estimate (a) the epicenter, and (b) the magnitude of an
earthquake that occurred near San Jose, California in 1989.

[TTTTTITTTE Epicenter estimation
S-Wave 1. To obtain the earthquake’s epicenter, first measure and record the S-P intervals on
80 | ' '/ | | T each of the three seismograms.

The S-P interval for:
/ —ureka:
Clko:
| as Vegas:

2. Use the data you just obtained, together with the S-P travel time graph, to estimate
the distance from each seismograph to the epicenter.
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n o |
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)% The distance of the epicenter to:
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Laboratory Exercise: Earthquakes

EXERCISE 1: Loma Prieta, California (Adapted from lab exercise of Dr. Gary Novak, Cal State University, Los Angeles)
This exercise uses seismic records obtained from three separate seismic stations to estimate (a) the epicenter, and (b) the magnitude of an
earthquake that occurred near San Jose, California in 1989.
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Epicenter estimation
1. To obtain the earthquake’s epicenter, first measure and record the S-P intervals on
each of the three seismograms.

The S-P interval for:
—ureka:
—ko:

| as Vegas:

2. Use the data you just obtained, together with the S-P travel time graph, to estimate
the distance from each seismograph to the epicenter.

The distance of the epicenter to:
—ureka:
-|ko:

| as Vegas:

3. Plot the three seismic stations on the map of California and Nevada.
For each station, draw a circle centered on the station with a radius equal to the epicentral

distance you have calculated for that station.

In the ideal case, the three circles should intersect at the earthquake's epicenter. In reality, they may not all
intersect at exactly the same point due to slight errors in measuring the S-P intervals from the seismograms
and/or reading the distances from the S—P graph, or differences in rock types that the waves passed through
on their way to the seismic stations. But you should be able to get a good idea of the epicenter's location.

The location of the Loma Prieta earthquake is close to:
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Submit this Page with your results

The S-P interval for:
Eureka:
Elko:

Las Vegas:

The distance of the epicenter to:
—ureka:
lko:

| as Vegas:

The location of the Loma Prieta
earthquake Is close to:




Laboratory Exercise: Earthquakes

EXERCISE 1: Loma Prieta, California (Adapted from lab exercise of Dr. Gary Novak, Cal State University, Los Angeles)

This exercise uses seismic records obtained from three separate seismic stat
earthquake that occurred near San Jose, California in 1989.

(see your text for de
magnitude of an ear

jons to estimate (a) the epicenter, and (b) the magnitude of an

The Richter Earthquake Magnitude Nomogram.
The standard ‘reference earthquake’ used for this instrument is M=3.0. Although the
Richter magnitude scale is nowadays replaced by the Moment Magnitude (Mw) scale

ails), the nomogram gives a good first approximation of the
hquake. Additional data from multiple seismic stations, and
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The 1989 Loma Prieta earthquake magnitude is estimated as: Mw

Known geology in the region to refine the P- and S-wave speeds,
ecise magnitude calculations.

4, To obtain the earthquake’s magnitude, we can use an instrument called a
nomogram, which is a simple graph that correlates the amplitude of the S-waves with
distance from, and magnitude of, an earthquake (see figure on the left). A standard
reference earthquake on the nomogram has Mw3.0 with 1.0 mm of maximum S-wave

mogram at an epicentral distance of 100 km. Using the nomogram,

draw a line linking the maximum S-wave amplitude and computed distance from the
epicenter for each of the three Loma Pieta seismograms. The three lines should all

e position on the magnitude scale. Errors in your measurements of
stance may cause the lines to intersect in a region of the
of at a point.
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A. Seismogram from Eureka, California seismic station. C. Seismogram from Las Vegas, Nevada seismic station.
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B. Seismogram from Elko, Nevada seismic station.

The maximum s-wave amplitude is:
Eureka: _ 280
Elko:

Las Vegas:
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The distance of the epicenter to:
—ureka:
—lko:

| as Vegas:

Maximum s-wave amplitude in mm:
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The 1989 Loma Prieta earthquake magnitude is estimated as: Mw




Laboratory Exercise: Earthquakes

-XERCISE 2: HAITI, January 12, 2010
Complete the following exercises using the accompanying USGS poster.

1. The first figure on the poster illustrates the complex tectonic setting of the Caribbean Plate (strictly, a microplate) and the different types of
plate boundary (i.e., compressional, extensional, or strike-slip) that exist around its margins. The red lines represent the location of plate
boundaries as they intersect the Earth’s surface.

e Examine the boundary between the Cariblbbean Plate and the South Atlantic Plate to the north of Trinidad and Tobago, and east of Puerto Rico.
The teeth on the plate boundary line indicate that this is a predominantly compressional boundary, with the South American Plate subducting
beneath the Cariblbean Plate.

e (a) Give at least two pieces of evidence on the map (other than the red line with the teeth) that can justify the interpretation of a compressional
plate boundary north of Trinidad-Tobago.

¢ (b) Now examine the Caribbean Plate boundary southwest of Nicaragua. What type of plate boundary is this”

¢ (c) What evidence is there on the map to support your answer in (o) above”?

2. The epicenter of an earthquake on January 12, 2010 Mw 7.0 is indicated by the yellow star, near the city of Port-au-Prince, Haiti, on the island
of Hispaniola. The more detailed map of Hispaniola and the small map beneath it show two major strike-slip fault zones that run more-or-less
east-west through the island: the Septentrional fault zone (SFZ) in the north and the Enriquillo-Plantain Garden fault zone (EPGFZ) in the south.
The main shock of January 2010 and its several aftershocks, including a Myw5.9 event, are thought to have occurred along the EPFZ.
(@) Using the Significant Earthquake data from the poster, calculate the average Recurrence Interval (R) of earthquakes larger than Mw 6.5 that
have affected Hispaniola during the recorded interval of 1902 to 1992.

R = N/n,
where N Is number of years recorded and n is number of events in N years
(b) Was the January 2010 earthquake overdue, ‘on-time,’ or earlier than anticipated, based on your calculated R”? What does this tell us about
using the recurrence interval to predict when the next big earthquake will occur?

3. The January 12, 2010 earthqguake was not the largest to have occurred in the region in the past century. Discuss why that one was
particularly devastating for Haitians.
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Haiti occupies the western part of the island of Hispaniola, one of the Greater
Antilles islands, situated between Puerto Rico and Cuba. At the longitude of
the January 12 earthquake, motion between the two Caribbean and North
American plates is partitioned between two major east-west trending, strike-slip
1000 fault systems -- the Septentrional fault system in northern Haiti and the
Enriquillo-Plaintain Garden fault system in southern Haiti.
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1979 03 23 1932 17.964 -69.076 81.5
. . . . 1984 06 24 1117 17.982 -69.369 44.1
The location and focal mechanism of the earthquake are consistent with the
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