Connecting a Classroom Model for Glaciers to the Quaternary Map of Michigan
by Greg Wilson and Steve Mattox, Grand Valley State University
Michigan’s landscape was sculpted and shaped by glaciers tens of thousands of years ago.  The resulting deposits and features are the basis for our agriculture, tourism, and abundant surface and groundwater resources. 
Although glaciers seem common in our thoughts it is rare to have a student that has seen or walked on one. In many ways glaciers are abstract, distant in time and space. We expect our students to make the intellectual leap to connect our landscape to the processes that formed it.
In this activity students use common, low-cost materials to construct a simple model of glaciers in their classroom. As students observe the model change over a series of days they record their observations and construct a scale map. The activity concludes with students connecting the model to the Quaternary Map of Michigan (ref).
Materials Needed and Setup 
A trip to the local department store will be required. The materials for one demo or for each group of students is:

1. a large ~9.25 gallon, ~17 ¾ x 33 ½ x 6 inch  clear plastic tub (storage box) common at Meijer or similar stores
2. rubber stoppers, such as a chemist might use in a test tube, about 0.5 inch diameter 
3. two smaller plastic containers, ~ 2 quart, for a glacier mold and for a container for mixing
crushed ice or snow
4. ~ 1 quart of sediment: clay, silt, sand, and gravel (beach sand, aquarium gravel, etc…)
5. ~ one gallon bucket

6. Quaternary Map of Michigan (Farrand, 1982) or online at Michigan Department o Natural Resources (http://www.dnr.state.mi.us/spatialdatalibrary/PDF_Maps/Geology/Quaternary_Geology_Map.pdf) 
The longer the plastic tub, the better.  Ideally, the tub should have a flat bottom.  Drill a drainage hole equal to the minimum diameter of the rubber stopper along the bottom edge of one of the short ends of the plastic tub.  We commonly use a pocket knife to carve out the hole. Place the stopper in the hole; it should be water tight.  Arrange the tub in a location where it can remain undisturbed for several days, such as lab tables or lab benches.  The tub should be positioned so that the water can be drained without moving the tub; this is easy if the edge of the stopper is about an inch past the end of the lab table. Some of the containers have a square grid on their base with a spacing of 3.5 inches. If your large containers do not have the grid you can draw them on the bottom of the container with aruler and  permanent marker.  

In general, we have 4-6 students work with each tub.  We commonly do this lab as a classroom exercise and read the steps below out to the entire class (see Figure x).  Alternatively, you could print the steps and have the groups work independently. Each group records their observations on the base map (Figure x) or each student could record her/his observations on their own base map. 
Figure 1.  Need: broad photo of general set up on table 

LOOK FOR EXAMPLES….
Stop. Please read all the steps before you begin. Reread each step before you take any action. 
STEP 1 – CREATE A LAKE

Elevate one end of the tub so that it is at a slight angle. (The lower the angle of the tub the more the shoreline will shift.)  We find that two or three text books at one end of the tub is about right. Too steep an angle can cause the glacier to move (a key characteristic of real glaciers that we don’t want in our models).  Pour water into the low end of the tub to create a lake on the lower third end of the tub.  Sprinkle sediment (fine sand works best) into the lake and spread it around to evenly cover the entire lake bottom.  This sediment will mark the position of the original (older) lake.  

STEP 2 – MIX UP A GLACIER

a. Fill a 2-quart container with crushed ice to be used as glacier.  Overfill the container by ½ to 1 inch, as the ice will compact. 

b. Dump ice into a second 2-quart plastic container used for mixing.

c. Add a mix of about 1-2 cups of clay, silt, sand, and gravel.  The finer sediment (clay and silt) are the key ingredients.  If students are making more than one glacier try to vary the proportions of sediment, or the color of the fine sediment.

d. Mix the ice and sediment by hand, and then compact the mixture into the glacier mold.

e. Sprinkle a thin layer of sand onto the ice at the top of the mold (the sand will help reduce sliding).

STEP 3 – ADD GLACIER TO MODEL

a. Carefully invert the glacier mold near the top of the slope. Place the glacier far enough to the high end of the model to allow for the rise in the water level of the lake at the low end.  Pour a few cups of warm water through the ice to start the melting and establish streams.
b. Consider leaving room in the model for adding a second glacier.
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2846     Figure 3. A mixture of ice and sediment have been compacted in a container and “flipped” near the top of an inclined shallow, plastic tub (storage container)  to model the melting of glaciers. Warm water poured through the “glacier” has established “outwash” streams that selectively removed finer sediment and transport it towards a lake.  Note the rubber stopper at the far left of the model that allows the water to drain. The model is resting on two books on the right side.
STEP 4 – OBSERVATIONS OF PROCESSES

a. Observe changes over time.  Melting usually takes hours, depending on the size of the glacier. 

    Pouring water onto the ice will increase melting (simulating seasonal and climatic warming).    

    Adding water also increases the sediment flushed from the glacier.

b. Note changes in the water level of the lake as the ice is melting.

c. Note the development of a stream system from the melting  ice.  What determines where the channel 

   flows?  What material is deposited by this system?  How is the sediment from the meltwater 

   stream different from the glacial sediment?

d. If time or interest allows, after the first glacier has melted, drain the lake, then add a second glacier that has a different composition (proportions or color of sediment).  Overlap the second glacier on the deposits left by the first glacier.
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Figure 4.  After melting, poorly sorted material that was in contact with the ice (till as a moraine) is revealed. Melt water has caused the lake level to rise and shift the shoreline to the right. 
STEP 5 – POST MELTING ACTIVITIES
a. Discuss variations in deposits.  What are the differences between the deposits left by the 

    glacier, the glacial meltwater stream, and the lake deposits?

b. On the grid paper provided (figure 2) sketch a geologic map of the deposits.  Include on the map the positions of previous shorelines.  Have students determine the scale of their map.

c. What was the relationship between the glacier and the shoreline?  How might this relate to the 

     real world?

d. Have students write out a history of the events depicted in the model.  Discuss the principles 

   used to determine sequence of events based upon the characteristics of the deposits.

e. Have students discuss differences between the model and real glaciers.  


- Scaling problems?


- We determine the sediment mixtures (% gravel, sand, clay, types and colors) for the

                model - What determines the characteristics of sediment in various tills?


- What factors influence melting?
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Figure 5. Example of a student map of the distribution and characteristics of ice contact glacial moraine, outwash streams, and shifted lake levels.
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Figure 6.  Geologic map of part of west Michigan’s lower peninsula. Moraines are in green and blue green, outwash is in pink, sediment from high lakes levels are in blue, and sand dunes are in yellow. Students can compare their map of their glacial model to the real world. 
. 

Figure 2. Geologic map of the model glacier. 
				
				
				
				
				
				
				
				

	
	Names ________________________________
______________________________________

______________________________________

1. Determine the scale of the map—
R.F.--___________________________

2.  Sketch the positions of the following, and shade those areas with the suggested colors.

a. Glacial Deposits (green) – Material deposited directly by the glacier.

b. Stream Deposits (pink) – Material deposited by meltwater flowing away from the glacier
*outline and label a delta

c. Lake Deposits (blue)

d. Shorelines (red lines) – identify any recognizable shorelines

1. Original shoreline – (preglacial) (mark with a dashed red line)

2. Glacial lakes – high lake level (mark with solid red line)

3. Describe a variation you would add to this experimental model.



STEP 6 – Comparison of the Student Maps to the Actual Quaternary Map of Michigan.

The term Quaternary refers to a span of geologic time and associated materials that began about 1.8 million year ago and continues to the present day. 
The map shows the distribution of materials formed directly and indirectly by the lobes of glaciers. The green colors show poorly sorted sediment deposited directly by the ice (called till) to form landscape features called moraines. The pink color show well sorted sand and gravel (called outwash) washed out if glaciers by streams. The blue color shows well sorted clay and silt (lacustrine deposits) that settled to the bottom of high stands of the early Great Lakes.  
Farrand, W.R., 1982, Quaternary Geology of Michigan, State of Michigan, Department of Natural Resources Geological Survey two sheets, 1:500,000. 
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