Sugar Rock Cycle Activity Educator Instructions

Materials for each table of 4 students:
Foil pie plate or some container to contain the materials 
2 normal sugar cubes
2 colored sugar cubes*
2 metal spoons**
Votive candle or tea light

Each table should have a container (e.g. foil pie plate) in which there should be sugar cubes of varying colors (4 total: 2 white, 2 colored). Keep each cube in a separate part of the container. Have students crush the sugar cubes where they are in the container (crushed piles should be separate). Also in the container should be two spoons (one for crushing and moving the sugar and one in which to melt the sugar). Also, make sure to have only one lighter/set of matches to light the candle so the teacher will be the only one creating flame so students aren’t tempted to light other things on fire. 

Each student should have two worksheets:
Sugar rock cycle activity – handout
ROCK CYCLE – handout

The students should start with the Sugar Rock Cycle Activity Worksheet. After conducting their sugar experiment, they should apply their knowledge and answers to fill in the Rock Cycle worksheet. Depending on timing of the activity, the rock cycle worksheet may be filled out as homework.  

After the students examine the sugar cubes and crystals, the background information deals with the process in which sugar cubes are formed.  You can tell them the story of how sugar cubes are formed and explain how this relates to how rocks are formed or changed from one type to another so they can fill in the first blanks.

[bookmark: _GoBack]What happened to the sugar to make it the shape we see? Sugar is extracted from plants as a fluid (e.g. sugar cane juice), where the sugar is dissolved in water.  This is heated until evaporation occurs and sugar crystals are precipitated. This is similar to how chemical sedimentary rocks are formed (like rock salt or cave limestone). It is then separated into small individual crystals. This can be representative of weathering and erosion of rock into sediment. Finally, the individual crystals are cemented together with syrup. This is similar to how sedimentary rocks are cemented together.


*Note: To make colored sugar cubes, you can either use dye tablets dissolved in a small amount of vinegar or lemon juice, or liquid food coloring.  If you use hard packed sugar cubes (e.g. those found in many Middle Eastern stores) the cubes can be dunked into the dye liquid quickly and then dried as they won’t dissolve easily. If you use more crumbly sugar cubes (e.g. Domino’s or other American brands), add individual drops of liquid to the sides of each cube and let the color seep in. Cubes should dry overnight on a cookie sheet or something similar. If sugar cubes are meant to be edible, use a concentrated food dye (e.g. concentrated blueberry juice or other intensely colored food substance).

**The timing of heating in the worksheet was calibrated to the particular metal spoons used for this activity. Please test this activity to tailor it to your particular equipment and supplies before the students perform it.
To better see the layering formed, as well as “contact metamorphism” using heat, a clear container may be used as the vessel rather than a metal spoon. However, whatever container is chosen must be able to stand temperatures generated by a candle flame and accommodate some method of applying pressure to the sugar.  Small glass containers wider at the top than the bottom may be ideal as they fit into each other (can be used to apply pressure to the sugar between them), they are see-through for better examination of the processes, and they can withstand heat (however they heat quickly and may burn students). A clamp may be required to hold the container over heat and allow time to cool before students can touch it. 





There are three files of the concept map of the rock cycle to use with the activity:
ROCK CYCLE – handout (handout to students for after activity)
ROCK CYCLE – activity (amount of map filled after using the sugar activity – rest should be filled in afterwards using the knowledge obtained over the course of the unit)
ROCK CYCLE – filled activity (teacher copy, how students should hand in their maps)
ROCK CYCLE – filled (teacher copy with everything filled in)










Sugar Rock Cycle Activity

Instructions:
	
Answer the questions in the space provided and fill in the blanks. 

For each numbered step, follow the instructions involving the sugar.  Then fill in the answers to the questions about how what you did during the activity relates to the rock cycle. 

Determine what rock-related material you start the step with (this will be the end point of the previous step), and what rock-related material you produce. The choices for starting and end points are the same as those in the circles on the Rock Cycle concept map.

Once you determine the start and end point for a step as well as the process involved, turn to the concept map worksheet.

On the concept map, find the arrow leading from your start point to the end point of that step. Label the arrow with the step number (1 to 6) and the process involved. 

Background information:
Examine the sugar cube with magnifying glass or microscope. Describe what you see: Individual small crystals of sugar (mostly the same size and angular) stuck together. 
________________________________________________________________________________________________________________________________________________

What happened to the sugar to make it the shape we see? 
Sugar is extracted from plants as a fluid (e.g. sugar cane juice), where the sugar is dissolved in water.  This is heated until evaporation occurs and sugar crystals are precipitated. 

What type of rock forms in a similar way? 
Chemical Sedimentary rock 

It is then separated into small individual crystals. What process does this in rocks? Weathering of rock into sediment

Finally, the individual crystals are cemented together with syrup. Which rock type is formed this way? 
Sedimentary rock formed through cementation

What do the different colors represent? 
Different sedimentary rocks from different locations, formed from different source rocks.


Activity:
For each step, follow the instructions to manipulate the sugar. Think about what rock-related process this may represent.

1. Crush sugar cube with bottom of spoon.  What action does this represent in regards to rocks? 
Weathering of rock

Use one spoon to scoop crushed sugar and place into the other spoon. Alternate white and colored sugar to form layers of different colored sugar. What geologic process does the movement of the crushed sugar from where it was crushed to the spoon represent? 
Erosion of sediment 
Start: Sedimentary rock
End: Sediment

2. Use the empty spoon to press down on the layers formed in the first spoon. What does this represent? 
Compaction of sediment
Start:  Sediment
End:  Sedimentary rock

3. If you could press hard enough to get the sugar to change form or if you added a little heat, what rock-related process would this represent?
Metamorphose it into metamorphic rock
Start: Sedimentary rock
End: Metamorphic rock

Note: You can divide this step into parts, to showcase different methods of metamorphosing rock. This will work best if you use a clear container as a vessel for the sugar, as the students may observe the layer closest to the flame starting to melt first (like contact metamorphism):

a. If you could press hard enough to get the sugar to change form what rock-related process would this represent?
Metamorphose it (regional metamorphism)
Start: Sedimentary rock
End: Metamorphic rock
b. Place spoon over flame for 20 seconds. Observe the layers of sugar in the spoon. Are they all the same as before the addition of heat? If so, hold over flame for 10 more seconds. If not, what changed? Make sure not to melt the sugar! What rock-related process would this represent?
Metamorphose it (contact metamorphism)
Start: Sedimentary rock
End: Metamorphic rock
c. Allow 30 seconds to cool and then use the second spoon to push the sugar toward the handle (like you want to scrape it off, but make sure to keep it all in the spoon). What does this represent?
Metamorphism by directed pressure - folding
Start: Metamorphic rock
End: Metamorphic rock

Note: The timing used during this exploration of metamorphism is based on the supplies used in this particular instance. This may differ greatly depending on the material used. Some testing before the activity may be required to better plan this lesson.

You may also use this “metamorphic” part of the activity as a separate activity when covering metamorphism. “Sugar metamorphism” is an optional separate activity included for this purpose.

4. Place the spoon with layered pressed sugar over the candle and melt. Heat until sugar melts. What does this represent? 
Melting rock into magma
Start: Metamorphic rock
End: Magma

5. Once liquid, blow out the candle. Pour the molten sugar onto the foil plate and let cool. What does this cooling represent? 
Cooling and crystallization of magma into igneous rock
Start: Magma
End: Igneous rock

6. Once cooled, crush the sugar with the spoon. What does this represent? 
Weathering of rock
Start: Igneous rock
End:  Sediment

Note: You may change this cycle to follow different paths of the rock cycle. Following are some example steps to insert. You may also ask the students to think up these steps after finishing a cycle to lengthen the assignment or you may ask them to determine alternate steps after finishing each previous step. Even if you don’t go over these steps, the students should be able to fill in the reset of the rock cycle concept map.

1. Place the spoon with layered sugar over the candle and melt. Heat until sugar melts. What does this represent?  
Melting of rock
Start: Sediment
End:  Magma

2. Place the spoon with lightly pressed layered sugar over the candle and melt. Heat until sugar melts. What does this represent?  
Melting of rock
Start: Sedimentary rock
End:  Magma

3. Place the cooled sugar back into a spoon. Set spoon over the candle and melt. Heat until sugar melts completely. What does this represent?  
Melting of rock
Start: Igneous rock
End:  Magma

4. Place the cooled sugar back into a spoon. Set spoon over the candle for 10 seconds. Observe the sugar to see if it remains the same. If not, what does the change represent?  
Metamorphosing  rock
Start: Igneous rock
End:  Metamorphic rock

5. Place the spoon with pressed layered sugar on the bottom of your pie plate. Use the other spoon to break up the sugar into pieces. What does this represent?  
Weathering and erosion of rock
Start: Metamorphic rock
End:  Sediment



