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Purpose:


This lab is designed to help you become familiar with how earthquakes are produced and measured.  Furthermore, it will also help you develop an understanding the relationship between earthquakes and the movement of crustal plates. 

Lab Objectives:

• To analyze several artificial earthquakes.

• To determine the epicenter and magnitude of an earthquake

• To establish the relationship between earthquakes and crustal plate boundaries.

Write up:


Your write up for this lab should include this handout along with your data and your responses to the follow-up questions. 
Background:


Earthquakes are vibrations of the earth's crust that are generally produced by movement along a fault.    The technique of measuring and analyzing these events (seismology) yields important information about earthquakes, as well as the earth's internal structure.


The major instrument used for analyzing earthquakes is called a seismograph.  Most seismographs use a motion sensor that translates vibrations of the surface into electrical signals.  These signals are then displayed as a seismogram, which is essentially a graph of ground shaking as a function of time. By carefully analyzing a seismogram you can extract three pieces of information about a quake.

· The distance from the seismograph (also referred to as a seismic station) to the epicenter of the earthquake - This is done by measuring the time delay between the arrival of the first P and an S waves.

· The location of the epicenter - To accomplish this you must have the epicenter distances from at least two other seismic stations that recorded the same quake.  Once you have this data you can locate the epicenter by drawing a circle around each seismic station that has a radius equal to the distance from that station to the epicenter.  The point where all the circles intersect will be the epicenter. 

· The magnitude of the earthquake - The magnitude of an earthquake is a measure of its energy that is gauged using a scale called the Richter scale.  This scale grades earthquakes from 0 to 10.  Quakes less than 4 can be sensed by a seismograph, but are usually not felt; whereas those ranging from 6 to 9 are capable of causing considerable damage.   Measuring the maximum height of the earthquake waves sensed by the seismograph and comparing this to the distance from the station to the epicenter determine the magnitude of a quake.


In addition to this information, geologists also use information collected by seismographs to determine the earth's internal structure, the shape of geologic structures below the surface, the movements of magma within magma chambers, and the movements of crustal plates.    

Method

1. Interpreting individual seismograms

A. Analyzing artificial earthquakes  

· Launch the program “Earthquakes and plate tectonics”.  After reading the introduction to the program select module 1A.

· Generate four artificial earthquakes by tapping on the table in the simulation.  The simulation contains instructions on how to do this.

· For each seismogram produced by the four “earthquakes” collect the following data and record it Table 1.

1. When the first vibration arrives and when the last one dies out.

2. The time difference between the two (duration).

3. The amplitude of the first vibration in mm.  The amplitude is the height of the vibration measured from the reference line.  

4. The distance of the tap from the computer (read the ruler on the table).

5. The intensity of the tap (soft/hard).

Table 1 – Data for four simulated “earthquakes”

	Event (tap) number   =>
	1
	2
	3
	4

	Arrival time of first vibration (sec)
	
	
	
	

	Die-off time of last vibration (sec)
	
	
	
	

	Duration
	
	
	
	

	Amplitude of the first vibration (mm)
	
	
	
	

	Distance from the seismograph (m)
	
	
	
	

	The intensity of the tap
	
	
	
	


· Once you have completed your data gathering interpret the data by answering the following questions.

1. Why does each “quake start out strong and then die off?

2. What factors determine the intensity of the first vibration in a seismogram?
3. Even though taps of the same duration and intensity produced “earthquakes” 1 and 4, “quake” 1 appears to be longer than “quake” 4.  Why is this?
4. If you could do this experiment in real life, how would you change it to produce a stronger “earthquake” that lasts longer?

B. Interpreting actual seismograms 


In this section you will analyze three seismograms for an actual event.  You will notice that these seismograms are considerably more complex than those produced by tapping once on a table.  Your goal in this section is to identify the parts of each seismogram and determine its duration and intensity.  To accomplish this, do the following.

· Select module 1B from the main menu of the “Earthquakes and plate tectonics” program.

· For each of the three seismograms that appear on this page determine the following and record these data in Table 2.

1. tP - The arrival time of the first P wave.

2. tS - The arrival time of the first S wave.

3. DtA - The time difference between the P and S wave arrivals (DtA = ts – tp).

4. AS  - The amplitude of the first S wave in cm.

5. tB - The arrival time of the first body wave.

6. tf -When the last wave dies out.

7. DtT The total duration of the earthquake (DtT = tf - tP).

Table 2 – Data for an actual earthquake

	Station number   =>
Station name   =>
	1
(Spokane) 
	2
(Seattle)
	3
(Spokane)

	tP (sec) – P wave arrival time
	
	
	

	tS (sec) – S wave arrival time
	
	
	

	DtA (sec) – Arrival time difference
	
	
	

	AS (mm) – S wave amplitude
	
	
	

	tB (sec) – Surface wave arrival time
	
	
	

	tf  (sec) – Last wave die-off
	
	
	

	DtT  (sec) – Total duration of shaking
	
	
	


· Once you have finished gathering and recording your data, interpret it by answering the following questions.

1. Why does each type of wave appear at a different time?

2. Why does each type of wave start out strong and eventually die off?

3. How do the three seismograms compare to one another in terms of their total duration, the time difference between P and S wave arrivals, and the amplitude of the S waves?

4. Given that all three seismograms are for the same earthquake, what accounts for their differences?

2. Locating the epicenter and calculating the magnitude of an earthquake


In this portion of the lab you will determine the location and magnitude of an earthquake that produced the three seismograms that you analyzed in part 1B.  These seismograms are from three stations (Seattle, WA; Portland, OR.; and Spokane, WA.).  To accomplish this do the following…

· For each of the three seismograms you looked at in Part 1B copy the arrival time difference (DtA ) and amplitude (AS ) you calculated for it into Table 3.

· Select module 2A from the main menu of the “Earthquakes and plate tectonics” program.

· Select the epicenter travel time graph from the module menu and follow its instructions to calculate the distance to the epicenter (de) for each seismogram.  Record these data in Table 3.

· Select the magnitude distance graph from the module menu and follow its instructions to calculate the magnitude (Ml) measured at each station.  Record these data in Table 3.

Table 3 – Data for an actual earthquake

	Station name   =>
	(Spokane) 
	(Seattle)
	(Portland)

	DtA (min) – Arrival time difference
	
	
	

	de (km) - Distance to epicenter
	
	
	

	AS (mm) – S wave amplitude
	
	
	

	Ml – Magnitude
	
	
	


· Select the epicenter locator from the module menu and follow its instructions to determine the longitude and latitude of the earthquake epicenter.  Record these data in Table 4.

· Average the three magnitudes you recorded in Table 3 and record this number in Table $.

Table 4 – Earthquake epicenter location and magnitude

	
	Longitude
	Latitude

	Location
	
	

	ML – Average magnitude
	


· Once you have finished your data gathering, recordings, and calculations, interpret what you did by answering the following questions.
1. Why does it take at least three seismograms for an earthquake to locate its epicenter?

2. Often seismologists will use at least four seismograms from different stations to determine the location of an epicenter.  Why would they do so?

3. What’s the difference between an epicenter and a focus?  How might you use the triangulation method to locate the depth of the focus?

 3. Establishing the relationship between earthquakes and plate boundaries.

A.  The surface of the Pacific Northwest


In this section of the lab you will be examining the relationship between earthquakes and plate boundaries.  To accomplish this do the following…

· Select module 3A from the main menu of the “Earthquakes and plate tectonics” program.

· Using the module menu select “Tectonics” to determine the names of the major plates.  Record this information in the first column of Table 5.

· By switching between “Tectonics” and “Geography” determine where each of the major types of plate boundaries is located.  e.g. Divergent boundary – Gorda Ridge.  Record your findings in the second column of Table 5.

Table 5 – Plates and plate boundaries in the Pacific Northwest

	Plates 
	Plate names

	• Oceanic
	

	• Continental
	

	Plate boundaries
	Location (Geographic place names)

	• Divergent
	

	• Convergent
	

	• Transform
	


· Once you have recorded all your finding in Table 5 answer the following questions.  

1. Where to you find the greatest concentration of earthquakes?

2. How does the frequency and magnitudes of earthquakes in the Portland area compare those that of the Seattle area?  

3. Do earthquakes correspond to plate boundaries?  If so how?  When you answer this refer to frequency and magnitude and be specific how they correspond to particular types of boundaries.

4. What is happening at each plate boundary that could cause earthquakes?

5. Do you find any places where earthquakes don’t seem to correspond with a plate boundary?  Where are these?

6. What is happening in these locations to produce earthquakes?

B.  The Pacific Northwest – Looking below the surface

· Select module 3B from the main menu of the “Earthquakes and plate tectonics” program.

· This module shows you a topographic profile of the Pacific Northwest drawn at 47°N latitude.  By switching between “Cross section” and “Earthquakes” in the module menu determine the depth and longitude of the three major clusters of earthquakes (the depth and longitude should be for the center of each cluster).  Record this information in Table 6

Table 6 – Data for an actual earthquake

	
	Longitude 
	Depth (km)

	Cluster 1  (Western WA)
	
	

	Cluster 2  (Western WA)
	
	

	Cluster 3  (Eastern WA)
	
	


· Once you’ve finished recording your findings, interpret them by answering the following questions.

1. How does the vertical distribution of earthquakes underneath western Washington compare to that below eastern Washington? 

2. What is your hypothesis explaining this distribution.
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