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Whether It Weathers (or Not)

Purpose

Students simulate the weathering of rocks to investigate how water, ice, and air pollutants affect the rate of weathering.

Time Required

Two 45-minute class periods

Lab Ratings
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Advance Preparation

One week before the activity, ask students to bring in empty coffee cans with lids. Obtain limestone and concrete from a large garden-supply store or a home-and-builder’s warehouse. Marble chips from these stores are impure and will not produce the desired results. Some local monument carvers may provide marble and granite chips at no charge. Pieces of rock should be no bigger than the size of your fist.

Limestone quality varies, and some samples may not yield good results. Conduct the experiment with a limestone sample at least a day before you plan to do the activity. You may reuse rocks in subsequent classes. Make sure a freezer is available, and clear enough space to accommodate a tray of rock samples for each group. If there is not enough freezer space available, you may wish to conduct this activity when outside temperatures reach freezing or have student volunteers conduct this portion of the activity as homework. Do not soak rocks in a sink because the rock fragments can clog the drain.

Safety Information

Vinegar is a weak acid and can irritate the skin and eyes. Students should wear safety goggles, protective gloves, and an apron.

Teaching Strategies

This activity works best with groups of 3–4 students. Before the activity, review the differences between physical and chemical weathering. Point out that these processes affect natural as well as human-made structures.

Show students where to freeze their rocks. For more dramatic results, have students refreeze and rethaw the rock samples.

Discuss how acid rain affects weathering. Rain is naturally acidic. Vinegar and water are both solvents—they dissolve substances. Vinegar is more acidic than rain, and this activity uses undiluted vinegar to produce quicker and more dramatic results. Encourage students to listen to the reaction as it takes place. Ask students to consider where the missing rock mass went.

Waste disposal: Rock fragments can clog the drain and should not be poured into the sink. The contents of the coffee can and water bucket can be used to replenish lawn or garden soil.

Evaluation Strategies
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 For help evaluating this lab, see the Rubric for Experiments and the Checklist for Self-Evaluation of Lesson in the Assessment Checklists & Rubrics.
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 These resources are also available in the One-Stop Planner CD-ROM.
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Whether It Weathers (or Not)

It is the centennial of Rain Falls, New Hampshire, where the precipitation averages 111 cm a year and the temperatures range from –11°C in the winter to 33°C in the summer. In celebration of the centennial, the town council has voted to erect a new monument in the town square.

The council has asked you to select the most durable design and material for the new monument. Two designs have been submitted for your review. One is a very detailed statue of Claude Rain, the town’s founder, and the other is a simple obelisk.

Several materials have been suggested, including marble, granite, limestone, and concrete. Compare the effects of weathering on each material and design. Then submit your recommendations to the town council.
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	Ask a Question

	
	Which monument material and design will best withstand the severe weather in Rain Falls?


MATERIALS

· tray

· masking tape

· 2 large pieces of each of the following: granite, marble, limestone, concrete

· 150 g of each of the following: marble chips, granite chips, limestone chips, concrete chips

· magnifying glass

· bucket of water

· freezer

· 4 coffee cans with lids

· metric balance

· towel

· 500 mL beakers (4)

· graduated cylinder

· protective gloves

· 600 mL of vinegar

[image: image13.png]



Make a Prediction

1. Based on your own experience, which material do you expect to be best suited for the statue? Explain.

Conduct an Experiment—Part 1:Testing Materials

Investigate each environmental factor that will affect the weathering of the monument, and determine the best choice of material for your statue.

The Effects of Freezing and Thawing

2. Rain Falls has a cold, wet climate. Because the town often freezes in winter and thaws in spring, you must find out how freezing and thawing affect the rocks.

3. Day 1: Examine a sample of each material with a magnifying glass. Can you find any cracks where water might enter?

4. Soak each rock sample in a bucket of water for 5 minutes. Remove the samples, and place them on the tray. Do not dry the samples. Place the tray in the freezer.
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Whether It Weathers (or Not), continued


5. Day 2: Remove the tray from the freezer, and allow the rocks to warm to room temperature.

6. Examine the samples closely. Look for any changes with a magnifying glass. In the table on page 46, describe any changes to your samples.

The Effects of Weathering by Humans

Because the monument will sit in a public area, it will be exposed to vandals and children and wear from periodic cleaning. Test how the rocks on your list will resist the forces of human weathering.

7. Place 100 g of each type of rock chip in a separate can. Add water to each container until it is half full. Place the lids on the cans. Securely tape the lids to seal the cans.

8. Steadily shake the containers for 10 minutes.

9. Open one container. Drain the water, and dry the rocks with a towel. Place the dried rocks on a balance. Measure and record the final mass in the table on page 46.

10. Repeat step 9 for the other three containers.

SAFETY ALERT!

Vinegar is a weak acid. Wear safety goggles, protective gloves, and an apron while using vinegar.

The Effects of Acid Rain

Because snow and rain are slightly acidic, you must test the effects of acidic precipitation on different materials.

11. Place a few small pieces of marble on a balance. Measure the initial mass, and record it in the table page 46. Place the small pieces of marble in an empty beaker.

12. Repeat step 11 for each material, putting each type of material in a separate beaker.

13. Pour 50 mL of vinegar into each beaker of rocks. Observe and listen to the reactions in all four beakers. After 10 minutes, dispose of the vinegar as directed by your teacher.

14. Dry the marble rocks with a towel. Measure the final mass of the small rocks, and record the results in the table on page 46. Calculate and record the percentage of rock lost. Record this value in the table on page 46.

15. Repeat step 14 for each of the other materials.

Part 2:Testing Designs

Keep in mind that the monument should last 100 years. The building material affects the monument’s rate of weathering. Certain designs may weather differently because of the surface details. Now examine the relationship between exposed surface area and weathering.
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Whether It Weathers (or Not), continued


16. Place a large piece of marble on a balance. Measure the initial mass, and record it in the table below. Place the marble in an empty beaker.

17. Repeat step 16 for the other materials, putting each rock into a different beaker.

18. Pour 50 mL of vinegar into each beaker. Observe and listen to the reaction. After 10 minutes, dispose of the vinegar as directed by your teacher.

19. Dry the rocks with a towel. Measure the final mass of each rock, and record the results in your ScienceLog. Calculate and record the percentage of rock lost, and record this value in the table below.

HELPFUL HINT

Do not pour the samples down the drain when you are finished. Ask your teacher for the proper method of disposal.

Analyze the Results

20. Overall, which rock best resisted weathering? Explain.

Rock Weathering Results

	Rock
	Marble
	Granite
	Limestone
	Concrete

	Effect of freezing and thawing the rock
	
	
	
	

	Initial mass of rock before shaking (g)
	100 g
	100 g
	100 g
	100 g

	Final mass of rock after shaking (g)
	
	
	
	

	Percentage of mass lost
	
	
	
	

	Initial mass of small rocks before vinegar (g)
	
	
	
	

	Initial mass of small rocks after vinegar (g)
	
	
	
	

	Percentage of mass lost
	
	
	
	

	Initial mass of large rocks before vinegar (g)
	
	
	
	

	Initial mass of large rocks after vinegar (g)
	
	
	
	

	Percentage of mass lost
	
	
	
	


Name ________________________ Date _____________ Class ____________

Whether It Weathers (or Not), continued


21. Compare the percentages of mass lost for the rock types. Was the rate of chemical weathering faster on larger or smaller rocks?

22. How did the amount of exposed surface area affect the rate of weathering?

23. Which design has more surface area, the statue or the obelisk? Explain your answer.

Draw Conclusions

24. Justify your choice of material and design.

Going Further

Carved into the face of Mount Rushmore are giant sculptures of four American presidents. Find out how scientists are using new technology to preserve Mount Rushmore.
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Advance Preparation

One week before the activity, ask students to bring in empty coffee cans with lids. Obtain limestone and concrete from a large garden-supply store or a home-and-builder’s warehouse. Marble chips from these stores are impure and will not produce the desired results. Some local monument carvers may provide marble and granite chips at no charge. Pieces of rock should be no bigger than the size of your fist.

Limestone quality varies, and some samples may not yield good results. Conduct the experiment with a limestone sample at least a day before you plan to do the activity. You may reuse rocks in subsequent classes. Make sure a freezer is available, and clear enough space to accommodate a tray of rock samples for each group. If there is not enough freezer space available, you may wish to conduct this activity when outside temperatures reach freezing or have student volunteers conduct this portion of the activity as homework. Do not soak rocks in a sink because the rock fragments can clog the drain.

Safety Information

Vinegar is a weak acid and can irritate the skin and eyes. Students should wear safety goggles, protective gloves, and an apron.

Teaching Strategies

This activity works best with groups of 3–4 students. Before the activity, review the differences between physical and chemical weathering. Point out that these processes affect natural as well as human-made structures.

Show students where to freeze their rocks. For more dramatic results, have students refreeze and rethaw the rock samples.

Discuss how acid rain affects weathering. Rain is naturally acidic. Vinegar and water are both solvents—they dissolve substances. Vinegar is more acidic than rain, and this activity uses undiluted vinegar to produce quicker and more dramatic results. Encourage students to listen to the reaction as it takes place. Ask students to consider where the missing rock mass went.

Waste disposal: Rock fragments can clog the drain and should not be poured into the sink. The contents of the coffee can and water bucket can be used to replenish lawn or garden soil.

Evaluation Strategies
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 For help evaluating this lab, see the Rubric for Experiments and the Checklist for Self-Evaluation of Lesson in the Assessment Checklists & Rubrics.
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 These resources are also available in the One-Stop Planner CD-ROM.
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Whether It Weathers (or Not)

It is the centennial of Rain Falls, New Hampshire, where the precipitation averages 111 cm a year and the temperatures range from –11°C in the winter to 33°C in the summer. In celebration of the centennial, the town council has voted to erect a new monument in the town square.

The council has asked you to select the most durable design and material for the new monument. Two designs have been submitted for your review. One is a very detailed statue of Claude Rain, the town’s founder, and the other is a simple obelisk.
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Several materials have been suggested, including marble, granite, limestone, and concrete. Compare the effects of weathering on each material and design. Then submit your recommendations to the town council.
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	Ask a Question

	
	Which monument material and design will best withstand the severe weather in Rain Falls?


MATERIALS

· tray

· masking tape

· 2 large pieces of each of the following: granite, marble, limestone, concrete

· 150 g of each of the following: marble chips, granite chips, limestone chips, concrete chips

· magnifying glass

· bucket of water

· freezer

· 4 coffee cans with lids

· metric balance

· towel

· 500 mL beakers (4)

· graduated cylinder

· protective gloves

· 600 mL of vinegar
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Make a Prediction

1. Based on your own experience, which material do you expect to be best suited for the statue? Explain.

Conduct an Experiment—Part 1:Testing Materials

Investigate each environmental factor that will affect the weathering of the monument, and determine the best choice of material for your statue.

The Effects of Freezing and Thawing

2. Rain Falls has a cold, wet climate. Because the town often freezes in winter and thaws in spring, you must find out how freezing and thawing affect the rocks.

3. Day 1: Examine a sample of each material with a magnifying glass. Can you find any cracks where water might enter?

4. Soak each rock sample in a bucket of water for 5 minutes. Remove the samples, and place them on the tray. Do not dry the samples. Place the tray in the freezer.
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Whether It Weathers (or Not), continued


5. Day 2: Remove the tray from the freezer, and allow the rocks to warm to room temperature.

6. Examine the samples closely. Look for any changes with a magnifying glass. In the table on page 46, describe any changes to your samples.

The Effects of Weathering by Humans

Because the monument will sit in a public area, it will be exposed to vandals and children and wear from periodic cleaning. Test how the rocks on your list will resist the forces of human weathering.

7. Place 100 g of each type of rock chip in a separate can. Add water to each container until it is half full. Place the lids on the cans. Securely tape the lids to seal the cans.

8. Steadily shake the containers for 10 minutes.

9. Open one container. Drain the water, and dry the rocks with a towel. Place the dried rocks on a balance. Measure and record the final mass in the table on page 46.

10. Repeat step 9 for the other three containers.

SAFETY ALERT!

Vinegar is a weak acid. Wear safety goggles, protective gloves, and an apron while using vinegar.

The Effects of Acid Rain

Because snow and rain are slightly acidic, you must test the effects of acidic precipitation on different materials.

11. Place a few small pieces of marble on a balance. Measure the initial mass, and record it in the table page 46. Place the small pieces of marble in an empty beaker.

12. Repeat step 11 for each material, putting each type of material in a separate beaker.

13. Pour 50 mL of vinegar into each beaker of rocks. Observe and listen to the reactions in all four beakers. After 10 minutes, dispose of the vinegar as directed by your teacher.

14. Dry the marble rocks with a towel. Measure the final mass of the small rocks, and record the results in the table on page 46. Calculate and record the percentage of rock lost. Record this value in the table on page 46.

15. Repeat step 14 for each of the other materials.

Part 2:Testing Designs

Keep in mind that the monument should last 100 years. The building material affects the monument’s rate of weathering. Certain designs may weather differently because of the surface details. Now examine the relationship between exposed surface area and weathering.
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Whether It Weathers (or Not), continued


16. Place a large piece of marble on a balance. Measure the initial mass, and record it in the table below. Place the marble in an empty beaker.

17. Repeat step 16 for the other materials, putting each rock into a different beaker.

18. Pour 50 mL of vinegar into each beaker. Observe and listen to the reaction. After 10 minutes, dispose of the vinegar as directed by your teacher.

19. Dry the rocks with a towel. Measure the final mass of each rock, and record the results in your ScienceLog. Calculate and record the percentage of rock lost, and record this value in the table below.

HELPFUL HINT

Do not pour the samples down the drain when you are finished. Ask your teacher for the proper method of disposal.

Analyze the Results

20. Overall, which rock best resisted weathering? Explain.

Granite had the best resistance to weathering because it did not lose as much mass. Also it was not affected by the vinegar or the freezing-and-thawing test.

Rock Weathering Results

	Rock
	Marble
	Granite
	Limestone
	Concrete

	Effect of freezing and thawing the rock
	one tiny crack
	no visible change
	a few cracks
	a lot of cracks

	Initial mass of rock before shaking (g)
	100 g
	100 g
	100 g
	100 g

	Final mass of rock after shaking (g)
	
	
	
	

	Percentage of mass lost
	
	
	
	

	Initial mass of small rocks before vinegar (g)
	
	
	
	

	Initial mass of small rocks after vinegar (g)
	
	
	
	

	Percentage of mass lost
	
	
	
	

	Initial mass of large rocks before vinegar (g)
	
	
	
	

	Initial mass of large rocks after vinegar (g)
	
	
	
	

	Percentage of mass lost
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Whether It Weathers (or Not), continued


21. Compare the percentages of mass lost for the rock types. Was the rate of chemical weathering faster on larger or smaller rocks?

The rate of chemical weathering is faster on smaller rocks than on larger rocks of the same material.

22. How did the amount of exposed surface area affect the rate of weathering?

The rate of weathering depends on how much of the surface is exposed.

23. Which design has more surface area, the statue or the obelisk? Explain your answer.

The statue has more surface area than the obelisk because it has more small parts.

Answer to Going Further:
To preserve the sculptures of Abraham Lincoln, Thomas Jefferson, George Washington, and Theodore Roosevelt, scientists have created a three-dimensional image of the internal fracture system. They have also developed computer-generated projections from a series of photographs of the sculpture to identify potentially unstable fractures. Some fractures have been injected with silicon to seal the cracks. Others will eventually be secured with steel pins to prevent further movement.

Draw Conclusions

24. Justify your choice of material and design.

Sample answer: I chose the obelisk because it does not have too many small pieces that are going to weather quickly. The statue has too much detail to withstand the forces of weathering in Rain Falls. I would choose the granite obelisk because it would last the longest.

Going Further

Carved into the face of Mount Rushmore are giant sculptures of four American presidents. Find out how scientists are using new technology to preserve Mount Rushmore.

Underlying content Copyright by Holt, Rinehart and Winston. Additions and changes to the underlying content are the responsibility of the instructor.
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