Module:  Processes That Shape the Earth
Topic Area:  Geology
Benchmark/Lesson: 
Lesson 1  SC.D.1.2.1
  The Rock Project


                      

Lesson 2  SC.D.1.2.4    Earth’s Restless Surface




Lesson 3  SC.D.1.2.5
  Whose Fault is it?




Lesson 1: The Rock Project

Objectives

Students will learn about the origins and characteristics of the three major rock groups, realise that elementary characteristics for each group may all apply to one rock, and determine the effects of a weather process on these different rock groups.

Students will be testing a number of different types of rock for their resistance to freeze-thaw action.

Background
Rocks within the upper layers of the earth’s surface are involved in the Rock Cycle. Igneous, sedimentary, and metamorphic rocks are constantly rotating within the cycle. The material that a rock is made up of is not destroyed but eroded and weathered over long periods of time and recycled forming new rock types. There are many different types of rock on the earth but they can all be categorised into one of the three main rock groups: igneous, sedimentary, and metamorphic. 

Convection drives the cycle for the formation of rocks. This is the same as water heated on the stove. The hottest part of the pot is the bottom centre, as the water molecules in the centre are heated they rise. Cooler water from the side of the pot moves into the bottom center until it is heated and moves up. The cycle continues until the water is boiled. Within the Earth’s mantle molten lava (called magma) undergoes this same convective process. At the Mid Atlantic Ridge volcanoes allow the lava to break through the earth’s crust. 

The groups are defined by the origin of the rocks. The way the rock was formed defines which group the rock is classified within. The characteristics between rocks vary greatly from colour, texture, hardness, crystal formation however they will all be from the same origin.

Igneous Rocks


The word Igneous comes from the Latin, ignis, meaning fire. In ancient time’s volcanoes, the sources of many igneous rocks were thought to be mountains that were on fire, so the rocks were known as fire rocks. The term is now used to describe any rock that is composed of molten rock whether it cools quickly on the earth’s surface or slowly within the mantle.

An important characteristic of igneous rock is that they are made up of crystals. The basic components of igneous rocks are minerals, which have distinct chemical compositions. Each mineral forms a characteristic type of crystal (e.g. Granite). Crystal sizes are determined by the rate at which the molten rock cooled (slow cooling produces larger crystals).

Sedimentary Rocks


These rocks are created from sediments, broken particles that have been eroded off of older rocks. The sediments accumulate creating layers, just like waves continually pushing sediments up onto the beach over and over. This is the only rock process that we can actually observe. Sediments settle out of muddy water and gather in layers along stream beads. 

To recognise sedimentary rocks look for bits of fossils, pebbles, or shells. The rock will look like lots of small rounded pieces of rock all stuck together and their will be no (or very few) crystals within it.

Metamorphic Rocks


Metamorphic rocks could be of either igneous or sedimentary origins but have been altered due to heat and/or pressure. The word comes from the Greek, meta, meaning change, and mophe, meaning form. The rock does not dissolve it just becomes altered by the heat and pressures. Some metamorphic rock looks as though it has folds within it. These rocks are created below the earth’s surface. They become visible as rock above the metamorphic rock is eroded away. It is possible for intense heat near the earth’s surface to also heat and metamorphoses sedimentary and igneous rocks.

Freeze-Thaw Action


This is a process that is associated with daily or seasonal cycles of freezing and thawing. As water changes from liquid to solid the molecules expand, if that water has saturated the pores of a rock or soil it puts stress or pressure on the rock. When the water freezes the stress creates cracks in the rock. As the rock melts the crack will then fill with water and freeze again causing more stress and more cracks to occur. Depending on how often this occurs determines the rate of erosion to the rock.

Math Skills

Measurement 

Data Analysis

Science Processes:

Observing

Investigating

Recording

Discussing

Materials

Enough rocks for the students to all have at least two (these rocks should be metamorphic and igneous)

A clear plastic beaker per student (one that fits two or more rocks)

A deep freezer

Engaging Questions

1. How can we tell the different rocks from one another?

2. Why is it important to study rock? 

3. What is the study of rocks called?  

4. How is that different from Geology?

Teacher’s Procedure

1. The day before starting this project, ask each student to bring a rock to school. As this is being conducted in Florida, it is safe to assume that most students will bring a sedimentary rock with them the next day.

2. Introduce the topic of the Rock Cycle and the three different types of rock within the cycle. Give the students clues how to categorise each rock into one of the groups igneous, sedimentary, and metamorphic.

3. Set up clusters of igneous, metamorphic, and sedimentary rocks up around the classroom. 

4. Have the students work in groups of two to figure out what types of rock are included in each cluster.

5. Have the students return to their seats and share with the class their thoughts for how they classified each cluster. This could initiate some debate as students notice that the rocks could have undergone metamorphoses or are conglomerates of the three different groups.

6. Give each student a beaker and label the container with their name and the different types of rocks they plan to submerge. (One of those should be the rock they brought in with them or a sedimentary rock of some sort.)

7. Have the students draw up a two weeklong tables of results and submerge their rocks. They should probably take initial observations like air bubbles etc. (It might be beneficial to submerge the rocks for a day before freezing them.

8. Making sure the beakers are not sealed and freeze them over night. During the day allow them to thaw out near a window. Make observations at the end of the day before replacing them back into the freezer. Continue this for two weeks and note the changes that occur.

How to Manage the Demonstration

1. This experiment is best performed in a number of “stations” where small groups of students have a close and clear view of the inside of the vivarium.

2. Ask the class for different processes that occur that change how things look on Earth. They should be able to give rapid processes (i.e. Hurricanes) or slow processes (i.e. water dripping from a facet.)

3. Lead the students to the process of erosion that can slowly or rapidly take place all the time. Discuss the influence that water could have on the rocks they are looking at here in Florida. Would anything different happen to those rocks if they were further north?

4. The process of freeze thaw action could be explained or the teacher could wait to hear the students’ observations after the experiment to hear what they think is going on.

5. Have the students record the freeze-thaw reactions and document their findings in a logbook that each group creates. 

Student Procedure

1. Observe and discuss the freeze-thaw process.

2. Record the changes that occur with each rock type.  Make sure the students understand why each rock acts differently to changing temperatures

Drawing Conclusions/Discussion Questions:

1. What did you observe?

2. What conclusion can you draw about the different rock types as they freeze and thaw?

3. Compare/Contrast the rock types.

Extended Activities:

1. Ask the students to research and imitate winter weather conditions at different latitudes. Does the freezing and melting action have different effects if the melting or freezing time lengths is changed?

2. Try the same experiment and include asphalt from the road and concrete. Do your results raise any concerns for those driving or living in colder climates?

Interdisciplinary Activities:

1. Math: Have the students calculate how many different types of rock are in a section of their school.  Mark off a small area (3ft by 3ft for example) and have the students investigate the different rock types found naturally. 

Suggested Sources/Websites:


http://www.geography-site.co.uk/pages/virtual-school/lessons/Tectonics01.html
http://www.geography-site.co.uk/pages/virtual-school/lessons/Tectonics02.html
http://www.geography-site.co.uk/pages/virtual-school/lessons/Rocks01.html

http://www.geography-site.co.uk/pages/virtual-school/index_pages/tectonics4.html

http://www.geog.ouc.bc.ca/physgeog/physgeoglos
http://www.hf.uio.no/iakk/roger/lithic/natalt.html
  



Student Experiment Packet will include:

· Materials

· Procedure

· Drawing Conclusions/Discussion Questions

Module:  Processes That Shape the Earth
Topic Area:  Atmosphere

Benchmark/Lesson: 
Lesson 1  SC.D.1.2.1
  The Rock Project


                      

Lesson 2  SC.D.1.2.4    Earth’s Restless Surface




Lesson 3  SC.D.1.2.5
  Whose Fault is it?




Lesson 2: Earth’s Restless Surface

Objectives

Students use common materials to explore the effects of water on exposed soil on both a level surface and a slope. They then use the same technique to explore the effects of water on a covered slope. Students collect data throughout the activity.
Background
The surface of the Earth is always in a state of constant change; being constantly remodelled by powerful natural forces.  The Earth’s surface changes because of volcanoes and earthquakes, water and wind, and even living organisms.  Erosion is also another way Earth’s surface features are changed.  

Erosion is the removal of rock and soil by natural processes, especially from running water, glaciers, waves, and wind. Through erosion the surface of the earth is constantly being sculptured into new forms. The shapes of continents are continuously changing, as waves and tides cut into old land while silt from rivers builds up new land. As streams and rivers cut their channels deeper, gullies become ravines and ravines become valleys.

Water plays an important role in erosion by carrying away material that has been weathered and broken down.  When an area receives more water than the ground can absorb, the excess water flows downward, to the lowest possible level, carrying any loose material with it.  

Glaciers also create erosion.  Even though a glacier moves slowly, it can gradually remove loose material from the surface as it travels downward.  Also, glaciers may have rock fragments embedded in the bottom; this will act as a harsh scrubber, grinding the ground as it goes.

Coastal erosion results from ocean waves and currents and are especially more severe during storms such as hurricanes.  Erosion also results from wind, especially in dry climates with minimal vegetation.  

Math Skills

Measurement 

Data Analysis

Science Processes:

Observing

Investigating

Recording

Discussing

Materials

Per each group of 2: 

Newspapers on table surfaces and floor (to ease clean-up) 

Pie pan 

2 small paper cups 

Toothpicks (for the teacher to prepare the cups)

Moist sand 

Water 

Tissue 

Ruler 

Engaging Questions

1. What is erosion?

2. Why is it important to study erosion? 

3. What causes erosion?  

4. What does erosion do?

Teacher’s Procedure

1. Before the day of the experiment have the following:

a. 2 sets of cups for each group of 2 students:  1 cup with holes along the bottom (made from toothpicks) and the other as is.

b. Copies of the various worksheets.

2.  Introduce the topic of erosion.

3. Divide the class into groups of 2.

4. Have each group designate a person to collect the materials according to their lab sheet.

5. Within the groups of 2, one records and the other performs the experiment.  Then they switch in the second and third parts.

How to Manage the Demonstration

1. Groups of two allow the students to participate more.

2. Lead the students to the process of erosion that can slowly or rapidly take place all the time. 

Student Procedure

Plain 

1) Fill the pan with sand but leave some space towards one edge. 

2) Smooth the sand flat so it fills the whole pan to form a "plain". 

3) Measure the space between the edge of the pan and the edge of the sand.

4) Fill a second cup with water. 

5) One student holds the cup with holes above the center of the "plain". 

6) Another student gently pours the water from the other cup into the cup with holes. 

7) Watch what happens and record the observations on the worksheet. Measure the distance the sand moved on the worksheet.

Mountain without grass 

1) Fill the pan with sand keeping space between one edge of the pan and the sand.

2) Shape a pile of sand into a "mountain". 

3) Measure the space left between the sand and the pan.

4) Re-use small cup with holes. 

5) Fill a second cup with water. 

6) One student holds the cup with holes above the center of the "mountain". 

7) Another student gently pours the water from the other cup into the cup with holes. 

8) Watch what happens and record the observations on the worksheet. Measure the distance the sand moved on the worksheet.

Mountain with grass 

1) Fill the pan with sand. 

2) Shape a pile of sand into a "mountain" like before.

3) Pretend to grow grass all over "mountain" by covering it with a tissue. 

4) Pat the tissue down lightly so that it is touching the sand everywhere. 

5) Measure the space between the sand and the edge of the pan.

6) Re-use the small cup with holes. 

7) Fill a second cup with water. 

8) One student holds the cup with holes above the center of the "mountain". 

9) Another student gently pours the water from the other cup into the cup with holes. 

10) Watch what happens and record the observations on the worksheet. Measure the distance the sand moved on the worksheet.

Drawing Conclusions/Discussion Questions:

1. What did you observe?

2. What does the water represent?

3. What conclusion can you draw about the different “land types?”

4. What can you conclude about the difference in measurements?

5. What other things can prevent erosion?

Extended Activities:

1. Try the same experiment, but use ice cubes instead of water (glaciers).  How do the results differ/remain the same?  Teacher would prepare ice cubes instead of cups ahead of time.  To have variation, can use two types of ice cubes:  Freeze some with just water and others add a little sand to the bottom of the ice tray and then add water.

2. Discuss how the Grand Canyon was formed. http://www.kaibab.org/geology/gc_geol.htm

3. Discuss the Montauk Lighthouse erosion problem.  http://www.montauklighthouse.com/erosion.htm

Interdisciplinary Activities:

1. Math: Have the students graph their measurements as a class.  They can compare their data.

2. Language Arts:  Have students write about erosion that they have encountered either in the movies, TV, at home etc.

3. Geography:  Have students identify what parts of the world have glaciers.  

Suggested Sources/Websites:


http://encarta.msn.com/encnet/refpages/RefArticle.aspx?refid=761555067 

http://student.biology.arizona.edu/sciconn/earthscience/erosion.html

" 


http://encarta.msn.com/encnet/refpages/RefArticle.aspx?refid=761555067 

http://student.biology.arizona.edu/sciconn/earthscience/erosion.html
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Lesson 3: Whose Fault is it?

Objectives

Students will learn how rocks move along faults during an earthquake.

Background

Earthquakes are the shaking of the Earth’s surface caused by rapid movement of the Earth’s rocky outer layer.  Earthquakes occur when energy stored within the Earth, usually in the form of strain in rocks, suddenly releases. This energy is transmitted to the surface of the Earth by earthquake waves. The study of earthquakes and the waves they create is called seismology (from the Greek seismos, “to shake”). Scientists who study earthquakes are called seismologists.  Seismologists examine the parts of an earthquake, such as what happens to the Earth’s surface during an earthquake, how the energy of an earthquake moves from inside the Earth to the surface, how this energy causes damage, and the slip of the fault that causes the earthquake. 

Faults are cracks in Earth’s crust where rocks on either side of the crack have moved. By studying the different parts and actions of earthquakes, seismologists learn more about their effects and how to predict and prepare for their ground shaking in order to reduce damage.

During an earthquake, great blocks of rock abruptly snap apart.  Most earthquakes occur at faults – breaks in the Earth’s crust.  At a fault, the blocks of rock stress and strain under pressure for hundreds of years.  When the pressure becomes too intense, the rock blocks move past one another and large amounts of energy are released.  The result is an earthquake.  After the rock blocks slide past one another, the pressure is released and they return to their original shape.  The place along the fault break where the earthquake starts is called the focus; all the shock waves travel out from the focus.  The point on the surface of the Earth directly above the focus is the earthquake’s epicenter.  

Science Processes:

Observing

Investigating

Discussing

Materials

Rock blocks designs

Scissors

Tape

Crayons, markers or colored pencils

Engaging Questions

1. If the ground beneath the school started to shake, what would you think was happening?

2. Has anyone ever experienced an earthquake?  Did you know what was happening?  What did you do?

3. Where is the safest place to go if you are trapped inside a building during an earthquake?  Why?

Teacher’s Procedure

1. Photocopy enough copies of the models supplied so that each child can have a model to work with.  The models can be enlarged or used with the scale provided. 

2. Ask the students to cut out each page’s piece along its heavy black line.  The students can then color the models, if desired.  

3. Follow these steps for each model:

a. Fold all the dashed lines away from the printed side (Figure 1).  Make sure that the folds are creased well.

b. Fold the long strip of the four squares upon itself to form a closed square ad tape the tab (Figure 2).

c. Fold in the tab of one of the remaining sides and ape from the inside (Figure 3).

d. Close the final side with the tab on the outside and tape (Figure 4).

e. Note: taping all of the edges will reinforce and strengthen the cube.

4. Set the two assembled blocks side by side with the RIVER and ROAD sides facing up.  Place them next to each other so that the tiny arrows are side by side.

5. Explain to the students that they are looking down on the trees, road and river.  They are to understand that beneath this land there is a break in the Earth’s crust – a fault.

6. Have the students place one hand on each block and push them in opposite directions as if they were going to slide them apart according to the directions of the arrows on the little squares.  HOWEVER, do not let the models actually move (Figure 5).

7. Ask the students if they can see the pressure.  Are the blocks bending a little?

8. Now have the students slide the blocks past each other a little bit (Figure 6).  Explain that this movement occurs during earthquakes.

9. Next, have the students place the blocks next to each other so the circles with arrows are side by side.  Have the students hold the blocks and move them up and down, in the direction of the arrows.  

How to Manage the Demonstration

1. This experiment is best performed if students have their own models.  

2. Allow the students to color the blocks before they begin moving the blocks.

3. Make sure to point out the importance of different amounts of stress on the blocks – the more pressure and stress they apply to the blocks, the more vulnerable the model.

4. Demonstrate the sliding fault model and the upward-moving block model in front of the class, than allow the students to try the models at their desks.

Student Procedure

1. Follow Steps 3 through 9 of the Teacher’s Procedure

2. Observe how the models react to the changes in pressure.

3. Be prepared to discuss these changes with the teacher.

Drawing Conclusions/Discussion Questions:

1. With regard to the model showing the blocks sliding past one another, have the students describe what happened to the paths of the road and the river.  What might happen to the trees and the road if the ground shook violently?

2. Ask the students to look for the focus on the side of one of the moved blocks.  The focus is the place where the earthquake began.  The point on the surface directly above the focus is the epicenter.  

3. With regard to the model showing the blocks moving up and down, emphasize that this movement shows a waterfall forming and falling rocks and trees.  Have students discuss how the land changed from this upward movement.  

4. Challenge the students to find the focus near the waterfall and to figure out where the location of the epicentre.  Explain that once the rocks slide past each other and release energy, they spring back to their original shape.  This allows for the pressure to be released from the blocks.  

Interdisciplinary Activities:

1. Investigate the earthquakes that have happened all over the world.  Research where they occurred and what caused their eruption.  

2. Create different models for the different earthquakes that can occur – subduction zone, contintental-ocenanic and continental-continental.

Suggested Sources/Websites:

http://volcano.und.nodak.edu/vwdocs/vwlessons/plate_tectonics/part1.html
http://www.cotf.edu/ete/modules/msese/earthsysflr/lithosphere.html
http://www.factmonster.com/ce6/sci/A0860425.html
http://encarta.msn.com/encnet/refpages/RefArticle.aspx?refid=761569459#p27
http://www.uwsp.edu/geo/faculty/ritter/geog101/modules/hydrosphere/hydrosphere.html

http://earth.rice.edu/mtpe/cryo/cryosphere.html
http://pubs.usgs.gov/publications/text/Vigil.html
http://www.platetectonics.com/book/page_5.asp
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