Earthquake Investigations

SCI 465

(Adapted from an idea by John Lahr @ www.jjlahr.com)

(Dr. Courtney Willis, Physics Department, University of Northern Colorado, Greeley, CO  80639)

Scientists commonly use models which they understand to help understand other phenomena that they are investigating.  In this lab activity we will investigate earthquakes and four idealized models of earthquake recurrence for a fault that bounds two plates that are in steady motion with respect to each other.  

The four idealized models are outlined below.
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I.  Constant Creep Model


In this model the rocks do not "stick" together but constantly move past one another.  The stress on the rocks remains constant as the plates move past one another.  A graph of the stress versus time and the rock position give straight lines as shown to the right.  A benefit of this model is that stress does not build up and release causing earthquakes.


This model would predict that rocks do not stick together and that earthquakes would not occur since rocks would slide past one another constantly.  We know that earthquakes do occur so this is not a good model for earthquakes but is a good example of a scientific model.  
II.  Perfectly Periodic Model
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In this model the rocks "stick" together until a certain high stress is reached.  They then slide and relieve all the stress.  They then "stick" together until the stress builds up again to the same high value.  A graph of the stress versus time and the rock position both give serrated lines as shown to the right.  With this model it is easy to predict both the time and size of the earthquake.  All earthquakes are the same size and they occur at equal time intervals. 


In this model all earthquakes at any particular spot would be the same magnitude and occur at regular intervals.  If earthquakes do occur in this manner scientists should be able to predict how big the earthquakes will be (they would all be the same size) and when they will occur.

NAME _______________________________

III.  Constant Stress Model
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In this model the rocks "stick" together until a certain high stress is reached however they do not always slip and totally release all the stress.  Thus, the stress does not always start building from the zero point.  Once the slip in one event has been measured, then the rocks will "stick" until the amount of plate movement is equal to the last slip.  A graph of the stress versus time and the rock position gives a serrated line but the depth of the teeth are not all at the same level as shown to the right.


In other words, with this model it is very easy to predict when another earthquake will occur.  The time before another earthquake depends on the size of the last earthquake.  Unfortunately, with this model scientists cannot predict the size of the next earthquake. 

IV.  Constant Release Model
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This model of earthquakes is almost the exact opposite of Model III above.  In this model, the amount of stress when the slip occurs is variable but the whenever the earthquake occurs, all the stress is relieved.  The stress starts building up from zero each time.  A graph of the stress versus time and the rock position gives a serrated line with teeth of different heights but with constant depths as shown to the right.

With this model it is easy to predict how big it will be because the more time since the last earthquake, the greater the next one will be.  In other words the strength of the earthquake is directly proportional to the time since the last earthquake.  However, with this model it is difficult to predict when an earthquake will occur.
Background


The Earth's outer, hard shell is very thin as compared to the radius of the Earth, about 80 to 100 km as compared with the total Earth's radius of 6380 km. That's similar to comparing the thickness of an apple's skin to its radius.  Scientists in the fields of geophysics, geology, and oceanography have discovered that this hard outer shell is broken into about a dozen major "plates" that are slowly sliding about with respect to each other.  


Tectonic earthquakes are caused by a sudden slippage along the boundary (fault) between two plates.  The type of motion that occurs between two plates is used to classify faults as strike-slip (one plate slides past another), thrust (one plate slides under another) or normal (plates that are pulling apart from each other).  Although one might expect earthquakes at the base of the plates, where they slide over the materials of the Earth's mantle, the high temperature and material properties at 80 km depth are such that plates slide along without generating earthquakes on their lower surfaces.  In other words, most earthquakes appear within 80 km of the Earth's surface.


Typical rates of plate motion are a few cm per year.  Why then, might someone ask, do destructive earthquakes occur in which many meters of fault slip happen so quickly that the vibrations are recorded by seismographs all around the world and are sometimes strong enough to destroy nearby buildings and bridges?  This is where friction and elasticity come into play.  Since the shallow portions of the plates are relatively cool, two plates cannot flow past each other, but rather the faults that form their boundaries tend to stick or lock up for years or centuries at a time.  Each year the portions of plates near locked faults deform elastically by a few more cm.  The more the plates are bent and deformed, the greater the force is on the fault (shear stress).  Eventually the force is sufficient to make the plates break free of one another and the elastic energy that has been stored up is released as frictional heating on the fault and ground vibrations.  (seismic waves).  This process of faulting is called stick-slip or elastic rebound. 


The initial force on the fault must be able to overcome static friction.  Once the fault starts slipping, then slip will continue until the force drops below the resistance of sliding friction.  The force available to keep the fault slipping decreases as the distorted plates return to their original shape.

Instructions


Take a long string of rubber bands looped together.  As this large string of rubber bands is stretched it will represent the stress acting on the rocks.  The rough foam block will represent the rock that slips and moves along to produce the earthquakes.  You will probably have to put a rock on top of the foam to produce sufficient friction.  Loop one rubber band completely around the block and slip a pencil through the end of the last rubber band.
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In this lab, one student will be the puller, one will be the observer, and two will record the data and take notes.  To begin, place the block at the zero mark on the meter stick.  The puller will then stretch the rubber bands out to the 75 cm mark on the meter stick as shown in the diagram above.  These initial positions of the leading edge of the block and the far end of the string of rubber bands need to be taken down by the recorders.  When everyone is ready, the puller will pull the end of the rubber bands out 1 cm (to the 76 cm mark).  The observer will read out loud the position of the block after the puller has moved the rubber bands and the recorders will record the positions of both the rubber bands the block.  The puller will then pull the rubber bands out 1 more centimeter, while the observer notes the position of the block and the recorders record both positions.  This will continue until the block has slid at least 6 times and moved more than 50 cm.  This means you will have somewhere between 50 and 100 points of data altogether.  Repeat the experiment at least once with a different sized rock.

Using the notes of both recorders, make a graph of the position of the block versus the position of the end of the rubber bands.  
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QUESTIONS
1.  Why would the position of the rubber band also represent a measure of time in this experiment?

2.  Was your motion of the block identical when the experiment was repeated?  Explain.

3.  Which of the four idealized models of earthquakes does you graph represent?
4.  How would the results be different if a string were used instead of a rubber band?
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