Sandbox Experiments

Observing, Sketching and Synthesizing

Sometimes there is not much happening at the beginning of the experiment (especially under contraction) but then once things start, a lot happens at once. Once the faults and folds become apparent students can sketch what they see at every few turns of the crank. These sketches will help them compare the deformation at different times of the fault system development. 

After theirs sketch are completed you can follow up by asking student to compare early and later sketches from one experiment and also sketches from different experiments. They can also write up their observations into a report of one or two paragraphs. Some questions that the students can consider as they write are: 

· Do 5 faults form at one time or do they develop one after the other? 

· Does the newest fault always develop farthest from the moveable wall? 

· Did the pattern of fault development look the same under extension as it did under contraction? 

This process of observing, sketching and then synthesizing is exactly the process that geologists use all the time in the field and in the laboratory.

Measuring Fault Geometry

The orientation of geologic faults is described by taking two measurements, the strike of the faults, which describes their trend/orientation, and the dip of the faults, which describes their attitude. In sandbox experiments the strike of the faults will parallel the moveable wall. This won’t change under extension or contraction. The dip of the faults (i.e. how steep or shallow the faults are) will change with different loading conditions.

At each stage where students are making a sketch the students can use a protractor to measure the angle between horizontal and the fault planes (need a figure). Vertical faults have a dip of 90˚ and horizontal faults have a dip of 0˚. You can ask students if each of the newest faults at each stage has the same dip. Does the dip of the old faults stay the same or do these faults rotate a bit during the deformation? (see information table.)

A very nice comparison is the dip of faults under contraction and the dip of faults created under extension. Faults created under contraction usually form with dips around 30˚ whereas fault under extension form at 60˚ dips. This might vary a little but this finding should be consistent in all of your experiments. Does this mean that physics of fault formation are different under contraction and extension? Not at all!

The physics of fault formation are that the faults form at around 30˚ from the direction of maximum compression in sand. This is angle of internal friction varies with material. Under contraction, the maximum compression is horizontal so that faults dip 30˚. Under extension the maximum compression direction is vertical because the sand is in tension along the horizontal direction. You can think about maximum compression direction as being the same as the minimum tension direction. Since the maximum compression is vertical, faults under extension form 30˚ from the maximum compression, which means that they dip 60˚.

The problem with doing this comparison of contraction and extension is that as the rubber sheet stretches, it necks inward from the sides of the experiment and so extensional faults are not well exposed at the sides of the sandbox.  One way around this is to run extensional experiments with just a base plate and no rubber sheet; the deformation will be much more localized but faults will show up along the sides.

Seismic hazards

If you set up monopoly houses on the surface of the sandbox prior to the experiment students can explore the ideas of the vulnerability of structures to ground rupture and deformation.

Make map and cross-section sketches every 20 turns but collect measurements every 10 turns of the crank. You may want to end at 60 turns and not go all the way to 80.

Contraction information sheet

	Turns of the crank
	cm of movable wall disp.
	Max. Wedge Thickness
	Length of the Wedge
	Number of faults
	Dip of youngest fault
	Dip of the fault that was youngest at previous sketch
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20 turns of the crank

cross-section


Map view


10 cm displacement

Annotate your sketches to show where you see the faults and folds.  Using colored pencil can help delineate the different features that you see.

40 turns of the crank

cross-section


Map view


10 cm displacement

Annotate your sketches to show where you see the faults and folds.  Using colored pencil can help delineate the different features that you see.

60 turns of the crank

cross-section


Map view


10 cm displacement

Annotate your sketches to show where you see the faults and folds.  Using colored pencil can help delineate the different features that you see.
80 turns of the crank

cross-section


Map view


10 cm displacement

Annotate your sketches to show where you see the faults and folds.  Using colored pencil can help delineate the different features that you see.

 Here are some questions that I ask my students to explore for contraction
1. Turn in the measurements and sketches that you made in lab.

2. Graph the following versus cm of moveable wall displacement

a. The number of faults

b. Maximum thickness and length of the wedge

3. Is the wedge deformation constant in time? Why or Why not?

4. Where do the new faults develop?  In an active mountain belt like the Andes, where would you expect the youngest and most active faults?

5. Using your last map-view sketch, develop a landuse plan for the region that will mitigate the vulnerability of the region to future active deformation. 

a. What areas are most likely to experience future deformation? 

b.  Where should the nuclear power plant go?  Where could soccer fields go? Hospitals? Residential communities? Downtown?  

For extension with a rubber sheet the faults will not be visible in cross-section and students will recognize them by seeing the ‘bumps’ develop on the surface.

Extension information sheet

	Turns of the crank
	cm of movable wall displacement
	Depression depth
	Depression width
	Number of faults
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	0
	0
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At some point the duct tape will fail and the rubber sheet will ‘scoot’ over ending the experiment.  This has happened for us around 30 turns.

10 turns of the crank
Map view


20 turns of the crank
Map view


30 turns of the crank
Map view


40 turns of the crank (if it lasts this long…)
Map view


Here are some questions that I ask my students to explore for extension
6. Turn in the measurements and sketches that you made in lab.

7. Graph the following versus cm of moveable wall displacement

a. The number of faults

b. Maximum thickness and length of the depression

8. Is the deformation constant in time? Why or Why not?

9. Does the pattern of deformation overlying the rubber sheet look more like the extension of the Basin and Range of the US (Nevada) or the extension of the East African rift valley?  (use images from the exsension.ppt file)  What might this mean about the nature of the deep crust below Nevada?

10. Using your last map-view sketch, develop a landuse plan for the region that will mitigate the vulnerability of the region to future active deformation. 

a. What areas are most likely to experience future deformation? 

b.  Where should the nuclear power plant go?  Where could soccer fields go? Hospitals? Residential communities? Downtown?  

