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Stress in the Crust –      Why New Madrid?
Background 

The relationship of the New Madrid earthquakes to plate-tectonic motions remains a mystery. Although most earthquakes in the world occur in response to the relative motions of adjacent plates, the New Madrid earthquake occurred a great distance from the nearest plate boundaries. The New Madrid region is an ancient failed-rift zone. Approximately 600 million years ago, the continent started to break apart into separate plates, but then the situation changed and this rifting process stopped. Scientists presume that this left zones of weakness in the crust. Since approximately 100 to 200 years ago tectonic plates have been moving in directions such that there are forces that are pushing on the edges of the continent compressing the region in the central US. Though the ancient rift is not a fault where earthquakes are happening today, the rift is a zone of relatively weaker rocks where this compression could cause faulting to occur more easily than in surrounding areas.
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Figure 1. The New Madrid seismic zone is defined by a z-shaped pattern of earthquake epicenters (blue crosses). The earthquake activity roughly parallels the Reelfoot rift, an ancient break in theEarth’s crust. Today the crust is being compressed in the direction shown by the arrows. 
GOALS 
In this activity you will simulate stress on a material and discover how differences in the material affect where the material will fracture in an analogy to the Earth’s crust. In this case the material used is yogurt.
OBJECTIVES

In this experiment, you will

· Create a heterogeneity* in a homogeneous* material
· Predict where the material will fracture when stress is applied

· Apply stress to the material

· Compare the observed fractures with your predictions

· Eat the material.

*homogeneous means the same throughout the entire volume

* heterogeneity means a place where the material has different physical properties

MATERIALS

	One container of fruit-at-the-bottom yogurt

	One sugar cube
	


PROCEDURE

1. Create a heterogeneity in the yogurt by pushing a sugar cube down into the middle of the cup with your finger until you can no longer see it. This creates a heterogeneity in the yogurt.
2. Squeeze the yogurt container slowly between your thumb and forefinger. Squeeze a little bit below the surface of the yogurt.

3. Watch to see where the fractures appear.

4. Eat the yogurt.
5. Under the effect of tectonic stress, faults appear on the surface of the yogurt. Sometimes, rather than one single fault, you may observe a series of parallel faults, called « en echelon » faults. The experiment may not work each time, but it is inexpensive and simple to redo the experiment each time you eat a yogurt.
PROCESSING THE DATA

1.
Where do the faults form relative to the corners of the hole that was created by the sugar cube?
2.
What is the orientation of the faults ? Give approximately the angle between the direction of compression and the angle of the faults. 
3.
Is that angle the same for all your neighbors?
4.
Explain how this simple experiment is like the situation in the Earth’s crust near New Madrid.
5.
Explain how the experiment is different. 

6.
Summarize the results of your experiment. 

Credits

This activity is a reproduction of material available at the following web sites:

Learning activities from the Seismicity in the Alps (SISMALP) project by François Thouvenot:  http://sismalp.obs.ujf-grenoble.fr/sismalp.html 
World seismicity map from the National Earthquake Information Center: 

http://neic.usgs.gov/neis/general/seismicity/world.html
East Meets West: An Earthquake in India Helps Hazard Assessment in the Central US:
http://pubs.usgs.gov/fs/fs-0007-02/
References and Further information

Central and Eastern US factsheets

http://earthquake.usgs.gov/products/factsheets.html 
