ES 104 Laboratory # 4 Summer 2022
EARTHQUAKES:
Epicenter Determination, Seismic Waves, and Hazards

Introduction

Earthquakes are vibrations of the Earth caused by large releases of
energy that accompany volcanic eruptions, explosions, and movements of
the Earth's crust along fault lines. The earthquake vibrations are waves of
energy that radiate through the Earth away from the focus. These waves of
energy can be recorded on a seismograph, which produces a recording called
a seismogram. Seismographs record the two types of body waves:
Primary waves (P-waves) and Secondary waves (S-waves). They also
detect Surface waves called Love waves (L-waves) and Rayleigh waves (R-
waves).

Travel-time curves are graphs that indicate how long it takes each
type of seismic wave to travel a distance measured on the Earth's surface.
The difference between the S-wave arrival time and the P-wave arrival time
corresponds to the distance of the seismograph station from the earthquake
focus. This time difference can be converted easily into distance using the
travel-time curves (Figure 2).

Goals and Objectives
e Learn to locate an earthquake epicenter using p-wave and s-wave
arrival time differences and travel time curves.
e Describe the relation between earthquakes, volcanoes, and plate
boundaries.
e Understand earthquake-induced liquefaction and landslide hazards
and how they relate to site geology.
e Know the essential components of a seismometer and how
seismometers record earthquakes.
Useful Websites
http://quake.wr.usgs.gov/info/1906/got seismogram Ip.html
http://www.jclahr.com/science/earth science/tabletop/earthshaking
http://www.sciencecourseware.org/VirtualEarthquake/VQuake
Execute.html
http://www.imsa.edu/programs/e2k/brazzle/E2Kcurr/Quakes/Virtual
/VirtualObjectives.html
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http://quake.wr.usgs.gov/info/1906/got_seismogram_lp.html
http://www.sciencecourseware.org/VirtualEarthquake/VQuakeExecute.html
http://www.sciencecourseware.org/VirtualEarthquake/VQuakeExecute.html
http://www.imsa.edu/programs/e2k/brazzle/E2Kcurr/Quakes/Virtual/VirtualObjectives.html
http://www.imsa.edu/programs/e2k/brazzle/E2Kcurr/Quakes/Virtual/VirtualObjectives.html

Name
Lab day Lab Time

Pre-lab Questions - Complete these questions before coming to lab.
Briefly define the following key words.

1. Earthquake

2. Primary Wave

3. Secondary Wave

4. Epicenter

5. Richter scale

6. Tsunami

Question for Thought—write a few sentences to explain:
7. How do earthquakes relate to plate tectonics?
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Part A - Epicenter Determination

Before you begin, watch a short training video on YouTube from the
following url: https://www.youtube.com/watch?v=ta f321InnM

The epicenter of an earthquake is the point on the Earth's surface at or
above the earthquake's focus. In this exercise, you will determine the
location of the epicenter of an earthquake that was recorded on
seismograms at three different locations (Figure 1).

Sitka

WW“MNWWWWWWWWMMMWW} WW Charlotte
WWW‘MWWVWMMWWW%W Honolulu
8:12
Seismograms recorded at three different locations for the same earthquake
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Figure 1:
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https://www.youtube.com/watch?v=ta_f321InnM
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Figure 2: Travel-time graph to determine the distance to the epicenter.
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Figure 3: Travel-time curves for P-waves, S-waves, and L-waves.
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1. Use Figure 1 to estimate to the nearest tenth of a minute (don’t
convert to seconds), the times of the first arrival of the P-waves
and S-waves at each station: Sitka, Charlotte and Honolulu.

Times show it arrived after 8 AM. Find the time difference,
(subtract P-wave arrival time from the S-wave arrival time) to
determine the difference in travel time of P-wave and S-wave.

Location of First P-wave First S-wave Difference in
seismic Arrival _ Arrival arrival time
station (time as hour: | (timeashour: | eans&p

Sitka, AK

Charlotte, NC

Honolulu, HI

2. Using Figure 2, the distance based on difference of arrival time,
estimate the distance from the epicenter of the earthquake to each
station. Record in the table below.

Location Distance (miles)

Sitka, AK

Charlotte, NC

Honolulu, HI

3. To find the earthquake's epicenter using the distances you just
obtained, follow these steps:
a. Locate and mark the three seismic stations on the world map,
Figure 4 (page 5.8):

Sitka, AK: 57° N latitude, 135° W longitude

Charlotte, NC: 35° N latitude, 81° W longitude
Honolulu, HI: 21° N latitude, 158° W longitude
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b. On Figure 4, draw a circle around each seismic station you
located with a radius of the distance the epicenter was from that
station (as you determined and recorded on page 5.6). Use a
drafting compass to draw each circle, and use the scale at the
bottom of the map to set the radius to the proper distance. The
circles you draw should intersect at one point, which is the
epicenter. (If the three circles do not intersect at a unique point,
estimate a point equal distance between the three circles.) The
location of the epicenter is:

Latitude Longitude

4. Use the data from a single station to determine when the
earthquake occurred. From Figure 1, you know when the P-waves
began to arrive. From Figure 2, you know how far away it was.
And from Figure 3, you can find out how long it took to arrive. So,
you can determine the origin time of the earthquake.

Note the station you chose to use.
Show your calculations.

Origin time:

(Hint: the earthquake occurs before it arrives at a station)

5. What time would you estimate did the L-waves from this
earthquake begin to arrive at the Sitka station? (Use Figure 3)
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Figure 4: Map of Earth, for use in plotting data and locating the

earthquake's epicenter.
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