Earthquake Location Worksheet Key


Background Information
Determining the location of an earthquake is one of the most important aspects of basic seismology. Earthquake locations were one of the initial pieces of evidence supporting plate tectonics, and today we use earthquake locations to better understand where faults are located and what seismic hazard they present.

P- and S-waves are generated during an earthquake. These two types of waves travel at different speeds away from the earthquake. If we record the P- and S-waves at a seismic station, and we know how fast the waves travel relative to each other, then we can determine how far away the earthquake occurred. Each 1 second of separation in the arrival of the P- and S-wave signal represents an additional 8km of distance from the station. If the P- and S-waves arrive 3 seconds apart, then the earthquake was 24 km away.

Activity
1. Examine the synthetic (fake) seismograms provided for earthquake #1. Each seismogram is from a different seismic station. What differences do you see in the motion recorded at each station?

The separation time between the P-wave (first pulse) and the S-wave (second pulse) is different at each station.
2. The P-wave and S-wave arrivals are clear on each seismogram. Mark where the P- and S-waves start. Determine what time (in seconds) they appear on each seismogram and fill in this information in the table provided on page 2.

3. Calculate the difference in these 2 times (i.e., the time of the S-wave arrival minus the time of the P-wave arrival). Fill in your results in the table.

4. The distance between a station and the earthquake can be computed using the equation in the table below. For each seismogram, calculate the distance between the station and the earthquake. Record this data in the table.

5. The map provided has the location of each seismometer already marked. The map also contains a scale. Measure the length of the scale line in cm. How long is it? According to the scale, how many kilometers (km) are represented by this line?

6. We need to convert our distance estimates (in km) in the table into cm in order to plot our results on the map. Calculate the approximate distances in cm by following the example shown, and fill in these values on your table.

Example -- If your calculated distance from the seismograms is 5 km, your scale line is 3 cm long, and the scale line represents 2 km:
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7. For each seismogram, find the corresponding seismometer on the map. Adjust a compass to give the distance (in cm) between the seismometer and the earthquake. Place the point of the compass at the location of the seismometer and draw a circle. 

8. If the distances you measured are correct, then the 3 circles should all intersect at one point. This marks the location of the earthquake’s epicenter! Mark this location with a star.

9. If you had seismograms from only 2 stations, would you be able to determine the epicenter location? Why or why not?

The solution can generally not be found with only 2 stations, as 2 circles can intersect in 2 places. If the circles only meet at an edge and don’t actually cross over, then this could be the case – but this is only true under certain circumstances.

A minimum of 4 stations is necessary to determine the earthquake’s depth.
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	Station
	P-wave arrival time
	S-wave arrival time
	S-wave time minus P-wave time
	Convert to distance (multiply by 8 km/s)
	Distance (in km)
	Scaled distance (in inches)

	A
	0.1
	0.9
	0.8
	x 8 =
	6.4
	

	B
	0.1
	1.35
	1.25
	x 8 =
	10
	

	C
	0.1
	0.7
	0.6
	x 8 =
	4.8
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	Station
	P-wave arrival time
	S-wave arrival time
	S-wave time minus P-wave time
	Convert to distance (multiply by 8 km/s)
	Distance (in km)
	Scaled distance (in inches)

	A
	0.1
	0.98
	0.88
	x 8 =
	7.04
	

	B
	0.1
	0.5
	0.4
	x 8 =
	3.2
	

	C
	0.1
	1.52
	1.42
	x 8 =
	11.34
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	Station
	P-wave arrival time
	S-wave arrival time
	S-wave time minus P-wave time
	Convert to distance (multiply by 8 km/s)
	Distance (in km)
	Scaled distance (in inches)

	A
	0.1
	1.43
	1.33
	x 8 =
	10.64
	

	B
	0.1
	1
	0.9
	x 8 =
	7.2
	

	C
	0.1
	1.15
	1.05
	x 8 =
	8.4
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