Student Activity Sheet - Earthquake Slip Experiment

Name _____________________  Group Members ______________________  Per. ______
Overview

This activity models the deformation, elastic rebound, and stick-slip motion that occur along earthquake faults. Students will pull a wood block across a flat surface, record the movement, plot data, and compare their results to several models used by scientists to predict earthquakes.
Materials
· wood block assembly (block with sandpaper on bottom, eye screw at one end)

· chain of rubber bands)

· weight (metal washer)
· >150cm length of butcher paper (or similar continuous sheet) to protect tabletop
· masking tape

· >150cm of hard, flat tabletop area
Instructions
1. Assemble into groups of at least 3 and choose members for the following roles:
	Role
	Responsibilities

	Puller
	Pulls the rubber band chain and reads aloud its position

	Observer
	Reads aloud the position of the block

	Recorder
	Records the positions read aloud by the Puller and Observer

	Larger groups can have more than one Observer or Recorder.


2. Protect the table surface with a length of butcher paper (tape the paper down so it is flat).
3. Attach the chain of rubber bands to the eye screw (ask the teacher for help).
4. Attach the supplied weight to the topside of the block with masking tape.
5. Place the block on the butcher paper and practice pulling the end of the chain of rubber bands until the block “slips”. See if you can get at least 6 “slip events” from one end of the paper to the other (if you get fewer slips, ask the teacher for a smaller weight).
6. Set the zero position of the meter stick at the leading edge of the wood block (see below).
7. Puller: Hold the free end of the rubber band chain and stretch it until it just begins to pull on the block, but does not move the block. Look at the meter stick and read aloud the position of the leading edge of the rubber bands.
Observer:  Read aloud the position of the leading edge of the block (at this point: 0cm).
Recorder: Record these initial positions of the leading edge of the rubber bands and the leading edge of the block. These are the first entries in your data table.
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	8. When everyone is ready, the Puller will start pulling the end of the rubber bands slowly, moving in 1cm steps every 3 seconds. As this is done, the Puller will call out the position of the leading edge of the rubber bands 3 times at each step (for example, calling out  “fifteen-fifteen-fifteen”). After each step by the Puller, the Observer will read aloud the position of the leading edge of the block. At each step, the Recorder records the Puller’s rubber band position and the Observer’s block position. During this process, a number of “slip events” should occur.
9. Repeat this cycle of pulling the rubber bands one cm and then recording the positions of the rubber bands and block until the block has slipped at least 6 times.
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Plot Your Data
10. Now plot the data you have collected. Plot the rubber band position on the x-axis and the block position on the y-axis.
11. What are some of the variables that might affect the slippage behavior of the block? Change one of these variables and repeat the data collection. Change the roles of Puller, Observer, and Recorder. You will need to make your own data table and plot. Plot the additional set of data.
Questions (answer on a separate sheet)
12. This simple model simulates motion at a “real world” earthquake fault. List the parts of this model and what you think each part represents in the real world.
13. Which variables do you think have an effect on the magnitude and number of “earthquakes” generated in this experiment? Try to rank them from most important to least important. Which variables are these in the real world?
14. How would the results be different if a string was used instead of a rubber band?
15. On the sheet labeled “Earthquake Prediction Models”, graphs of four idealized models of earthquake recurrence are shown. These models predict the stick-slip behavior of a fault that forms the boundary between two tectonic plates that are in steady motion relative to each other. Which is most similar to your data? Explain in your own words
16. Devise an experiment to determine which of the variables on your list has the greatest effect on the magnitude and number of earthquakes. Explain the experiment you devise.
17. Describe the flow of energy through a complete cycle of stick and slip of the block.


Data Table
Block Assembly Weight:  _____________

Sandpaper Grit: Fine___  Medium___  Coarse___  
Number of Rubber Bands _____________                   Other Notes: _____________________________
	Rubber Bands Leading Edge

(cm)
	Block Leading Edge

(cm)
	Rubber Bands Leading Edge

(cm)
	Block Leading Edge

(cm)
	Rubber Bands Leading Edge

(cm)
	Block Leading Edge

(cm)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Earthquake Prediction Models
These graphs represent four idealized models of earthquake recurrence for a fault that bounds two plates that are in steady motion relative to each other. 
Which is most similar to your data?
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	Perfectly Periodic


In this model, an earthquake always happens when the stress level reaches the same high value and during the earthquake, the stress always drops to the same low value.   All of the earthquakes have the same slip and they are equally spaced in time.

	
	Time Predictable


In this model, an earthquake always happens when the stress level reaches the same high value.  The slip during each earthquake is variable, so the stress level after each earthquake is not always the same.  Once the slip in one event has been measured, then it is known that the next event will happen when exactly this amount of plate motion has occurred.

	
	Slip Predictable


In this model, the stress always drops to the same level after an earthquake.  Once an earthquake has occurred, then one knows that the slip during the next earthquake will be equal to the plate motion that has subsequently occurred.  The longer the time since the last event, the larger the next event will be.

	
	Creeping


There are some rare faults segments that move by creep rather than large earthquakes.  This appears to be the case for the San Andreas fault where it passes through Hollister, California.  The fault moves by a series of creep events and each year the total slip from creep is the same as the amount of relative plate motion.

This activity is based upon these works: http://www.jclahr.com/science/earth_science/tabletop/earthshaking/index.html
http://tremor.nmt.edu/activities/stick-slip/canpredict.htm
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