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Type of Activity:  In-class experiment

Brief Description:   Students use sandbox models to investigate the characteristics of normal faults and parameters that influence their development; students gain practice in analytical thinking and synthesis of observations into conceptual models; students are actively involved in learning.
Context

Type and level of course:  undergraduate required structural geology course for majors

Skills and concepts that students must have mastered before beginning the activity:

basic understanding of principal stresses, strain, and types of faults; exposure to fracture mechanics and theoretical models of faulting
How the activity is situated in my course:  This activity is a stand-alone exercise that is used with lectures on normal faults and rifting
Goals of the Activity

Content/concept goals:  typical geometries and kinematics of normal faults, the progressive nature of faulting, the relationship between the principal stress orientations and normal faults, variety of physical parameters that influence the geometry and kinematics of normal faults, usefulness of analog models 
Higher order thinking skills goals:  analytical thinking skills, creative exploration of parameters associated with the experiment, synthesis of observations into a conceptual model of normal faulting, grappling with a degree of unpredictability
Other goals:  teamwork, oral communication in a group, group brainstorming, shift from passive to active learning

Description
Students prepare for the exercise by reading the chapter on normal faults in the structural geology textbook.  The class is divided into groups of 3-5 students, and each group is given two clear plastic shoe boxes, each of which has an end cut off so that one box slides into the other along its length.  Students are charged with running three extensional sandbox experiments during the class period, in which they fill the shoe box with sand having different physical properties (ex. grain size, clay content).  The groups have access to materials (such as Saran plastic wrap and soft margarine) that would provide different physical properties along the base of the sand.  Students are assigned three main tasks:
· to explore a variety of physical parameters that may influence the characteristics of normal faults in analog models 

· to observe the typical geometry and sequence of fault development in an extensional setting

· to draw inferences and form hypotheses about the general controls on normal faulting 

Students take notes on the conditions of each experiment, such as the characteristics of the sand, relative degree of compaction, rate of deformation, and nature of the basal detachment.  They write brief descriptions of the geometric characteristics of the faults, including dip angle, fault shape, number of faults, fault spacing, fault connectivity, amounts of displacement, and separation of marker beds in cross-section.  They are asked to evaluate which observations appear to be repeatable or predictable from one set of parameters to another.
After the groups have finished running their experiments and taking notes, the class reassembles for an instructor-led brainstorming session.  The instructor makes a list of student-generated observations, key parameters, and possible inferences on the board.  The instructor leads the class in a discussion that addresses issues such as basic fault geometries and kinematics, affirmation of mechanical principles, predictability of results, and inherent irregularity in natural systems.
Evaluation 

The success of the activity is gauged on the basis of the intellectual engagement of students in the activity and the quality of ideas generated in the brainstorming session.  Students’ notes on the experiments are taken up and reviewed by the instructor.
Documentation
Instructor’s notes for running the in-class experiments:
Materials needed:

· two clear plastic shoe boxes per student group (ex. Sterilite 6 qt./5.7 l. or larger, available at Walmart); cut the ends off so that one box easily slides lengthwise into the other box.
· two or three different types of sand in at least two colors, approx. 5-6 lbs. total per student group (available at home improvement stores and hobby stores)
· a flat-sided object to compact the sand (ex. a brick)

· (optional) Saran plastic wrap, thin sheet of rubber, spray cooking oil, soft margarine, or other material to line the bottom of the sandbox
· (optional) paper or plastic tablecloths to facilitate cleanup

Instructor gives brief oral instructions on filling and extending the sandbox, divides the class into groups of 3-5 students, then circulates around the room to give guidance as needed. 

Students are given a note sheet for recording experimental conditions and observations (see attached).

Not all students will have completed entries for each item on the note sheet.  

Students are asked to think about similarities and differences from one experiment to another, and to consider possible inferences or implications.

After most of the groups have successfully completed two or three experiments, the class is reassembled for the brainstorming session.  The brainstorming session is critical for discussing observations and generating inferences about normal faulting.  As the students generate ideas, the instructor takes notes on the board, compiling a list of important characteristics of normal faults and the factors that influence their development and geometries.  The instructor has the opportunity to subtly guide the brainstorming session so that key points are brought out.  Students may also bring up questions at this point.
The experiments can be conducted during a 50-minute class period if the instructor actively manages the students’ use of time.  It’s helpful to tell students at the beginning of class that they will have only 10 minutes per experiment.  The experiments are also suitable for a longer lecture or lab period.   
Selected readings for instructors:
Cloos, E., 1968, Experimental analysis of Gulf Coast fracture patterns, American Association of Petroleum

Geologists Bulletin:  v.152, p. 535-549.

Davis, G.H. and Reynolds, S.J. (1996), Structural Geology of Rocks and Regions, 2nd ed., Wiley, 
p. 307-309.
McClay, K.R., 1990, Extensional fault systems in sedimentary basins: a review of analogue model studies:


Marine and Petroleum Geology, v. 7, p. 206-233.

McClay, K.R., Dooley, T., Whitehouse, P., and Mills, M. (2002), 4-D evolution of rift systems: Insights

from scaled physical models:  American Association of Petroleum Geologists Bulletin, v. 86, 

p. 935-959.

Sandbox Experiment notes




Name: _________________
Experiment # _______

Initial conditions of the experiment:

· geometry of the apparatus 

· characteristics of the sand

· relative degree of compaction
· nature of the basal detachment
· other:

Relative rate of deformation:

Amount(s) of longitudinal extensional strain:

Observations:

· fault shapes and 3-D orientations
· number of faults and their spacing
· fault connectivity
· sequence of fault development 
· amounts of displacement/separation
Questions, ideas, inferences:

