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Break it Up!


          Teaching Guide




Grade 4

      Targeted Texas Essential Knowledge and Skills
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4.5  The student knows that complex systems may not work if some parts are removed.  The student is expected to:


(A)  identify and describe the roles of some organisms in living systems such as plants in a 


      schoolyard and parts in nonliving systems such as a light bulb in a circuit; and 


(B)  predict and draw conclusions about what happens when part of a system is removed.

4.6  The student knows that change can create recognizable patterns.  The student is expected to:


(A)  identify patterns of change such as in weather, metamorphosis, and objects in the sky;


(B)  illustrate that certain characteristics of an object can remain constant even when the object 

                    is rotated like a spinning top, translated like a skater moving in a straight line, or reflected on a 

                   smooth surface; and

4.7  The student knows that matter has physical properties.  The student is expected to:


(A)  observe and record changes in the states of matter caused by the addition or reduction of heat;

             (B)  conduct tests, compare data, and draw conclusions about physical properties of matter including

                    states of matter, conduction, density, and buoyancy.

4.8  The student knows that adaptations may increase the survival of members of a species.  The student

       is expected to:


(A)  identify characteristics that allow members within a species to survive and reproduce;


(B)  compare adaptive characteristics of various species; and


(C)  identify the kinds of species that lived in the past and compare them to existing species.

4.9  The student knows that many likenesses between offspring and parents are inherited or learned.  The

       student is expected to:


(A)  distinguish between inherited traits and learned characteristics; and 


(B)  identify and provide examples of inherited traits and learned characteristics.

4.10  The student knows that certain past events affect present and future events.  The student is expected

         to: (A) identify and observe effects of events that require time for changes to be noticeable including

         growth, erosion, dissolving, weathering, and flow; and


(B)  draw conclusions about “what happened before” using fossils or charts and tables.

4.11  The student knows that the natural world includes earth materials and objects in the sky.


(A)  test properties of soils including texture, capacity to retain water, and ability to support life;


(B)  summarize the effects of the oceans on land; and 


(C)  identify the Sun as the major source of energy for the Earth and understand its role in the growth

                   of plants, in the creation of winds, and in the water cycle.
                                  Interdisciplinary Connections
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ROCKS
If you were to dig deep into the Earth’s crust, find an ancient igneous rock, and place the rock on the surface of the Earth, this hard rock would begin to change. When exposed to the Earth’s atmosphere over millions of years, the rock would be broken down into smaller pieces of rock that would then break down into even smaller pieces of rock that would become sand and possibly even silt or chemically decompose into a new substance.  These smaller pieces of rock would be carried away to other parts of the Earth.  

Rocks are constantly being broken down into smaller pieces.  This process is called weathering.  Weathering is a mechanical process that does not change the chemical composition of the rocks. When the broken pieces of the rock are carried away or moved by wind, water, or ice, it is called erosion.  Weathering, which wears down the surface of the earth can occur in two ways: by chemical or physical changes.   
Erosion loosens and carries away the rock debris caused by weathering.  Over time, these two forces, working together, can change the shape of the land.  All rocks weather, but they do not necessarily do so at the same rate or in the same way.  The mineral composition of a rock and its location are factors to consider.  

Weathering occurs in the following ways:

1.) Water seeps into cracks in rocks, freezes and can forces a rock to split.  This is because water increases in volume when it freezes.  This breaking apart of rocks can be called “ice wedging”.  When freezing and thawing continue to occur, rocks can reduce to fragments.

Moving water also helps to shape coastlines of the continents.  Powerful waves, which carry rocks and sand, pound against the land forming rugged cliffs, arches and coastal caves.

2.) Plants also break up rocks by growing in the small bits of soil that collect in the rock’s cracks.  As the plant’s roots grow, they expand and apply pressure to the rock, widening and deepening already existing cracks.  Roots can eventually cause rocks, including boulders and pieces of bedrock, to split apart.

3.) Chemicals in the air and in water can react with and change some minerals into other minerals.  Not all minerals react in the same way,however.  For example, when iron is exposed to oxygen in the air, it changes into iron oxide or rust.  Other minerals, such as pyrite, form weak acids when they dissolve in rainwater, and these acids help decompose the rocks.  Three main agents of chemical weathering include oxygen, carbon dioxide, and water.  Chemical weathering (the weathering of a rock when the chemical composition of minerals are changed or dissolved) occurs at a faster rate in areas that are warm and moist.  Carbon dioxide combines with water to form a weak acid (carbonic acid).  Over time carbonic acid dissolves away minerals in rocks.  Those rocks that have calcium carbonate can be completely dissolved by carbonic acid.  

As weathering and erosion wear away the Earth’s crust, other forces are building it up.  Aside from big forces like mountain formation, volcanoes and fault formation, small-scale building is done by water, ice and wind.  They carry sediments and deposit them elsewhere.  This ongoing process of deposition creates new landforms.
SOIL
Soil is a mixture of rock, mineral particles, sand, gravel, clay and decayed plant and animal materials.  Soils are not exactly alike everywhere.  The type of bedrock determines the type of soil.  When bedrock is exposed to the atmosphere, water and wind, it eventually breaks down into the minerals of which it is made.  This process is very slow and as the particles of rock are broken down, they mix with decaying plant and animal matter.  The color of soil is affected by the minerals it contains combined with the organic matter.  

Porosity is the water-holding capacity of soil.  Soil is made up of earth materials that occur naturally.   Different types of soils will absorb different amounts of water depending on the materials in the soil and on how tightly the particles of that particular type of soil are packed together. Permeability is the rate at which soils absorb water.  The permeability of soils in any given area may vary and will affect the way in which land is used.  The porosity of soil determines the permeability of soil.  

* NOTE:  Highly porous sand may not be permeable if the interconnective pathways between the pores are blocked.  There are highly porous shales with low permeability.

Plowing fields helps farmers by controlling weeds, and by loosening the soil so that water can penetrate better.  By running an aerator over lawn, this adds holes to soil and water can be absorbed more readily, and not run off as rapidly.
Soil differs greatly from one location to another.  A handful of beach sand feels very different from a handful of garden soil.  All soil is made of tiny bits of the rocks and minerals that crumbled to form the soil in the beginning.  There are three types of soil. 

1. Sand is made up of the largest particles of soil.  Sand feels gritty between your fingers.  

2. Silt is made up of the next smaller particles of soil.  You can see the largest silt particles if you look very closely, but you would need a microscope to see the smallest bits.  

3. Clay is made up of the finest particles of soil.  Wet clay feels slippery or sticky between your fingers.  Dry clay is hard, crusty or brittle.  Clays are tabular and have a side that is slightly positive in electrical charge and the other side is slightly negative in charge.  These charges interact with the water’s surface tension to hold particles together.

The three types of soil also have different weights.  You can do an experiment to show which type of soil is heaviest.  Put soil that is a mixture of sand, silt, and clay into a jar filled with water.  Shake the jar to mix the soil and water.  Then set the jar where it won’t be disturbed.  After several hours, you will see layers have formed.  At the bottom will be sand, 

which is the heaviest type of soil.  A layer of clay will be in the middle.  Silt, with the lightest weight will be on top.  It may be hard to see the layers of clay and silt, but if you carefully remove samples you should be able to feel the difference.

Most earth is a mixture of all three types of soil.  Different mixtures are best for different uses.  Clay is used for making bricks and pottery, because it sticks together and dries hard.  Sand is heated with small amounts of lime and soda to make glass.  Certain crops grow better in one soil mixture than another.  It is important for people to know which type of soil is found in a certain areas.  Many farmers can tell you the type of soil just by feeling it.  

Clay alone is not good for growing plants.  It is too hard for roots to push through.  Water doesn’t drain well from clay soil.  Sand has too much space between particles for it to hold enough water.  It is difficult for roots to take hold in sand.  Silt alone is so light that wind easily blows it away.  A mixture of all three kinds of soil is best for growing plants.  The richest kind of dirt is loam.  Loam is earth with lots of silt, some clay, and a small amount of sand.  Many food crops grow well in loam.  
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Give hard hats (any other toy construction tools or outfits can be substituted if hard hats are not available) to students and open the lesson by saying, “Imagine this!  Today we are going to become builders.  No experience is necessary for this job, but at the end of the day, you will be rewarded with a sample of a valuable resource.  You will need to choose one of five building materials.  Your choices include soil, gravel, rocks, sand or clay. “

After students have chosen their building material, distribute a cup of the material and a cardboard tray or paper plate.  Have students make observations of their material and of other students chosen samples.  

Ask students to make predictions about who would be able to construct the tallest and most stable structure using only the materials given.  Allow them to share their ideas with other students. Encourage students to explain their reasoning without challenging their predictions.

“Imagine this.  All of your structures have been built, but now it has been forecasted that we will get heavy rainfall and gusty wind storms.  You have no time to cover or protect your structure from the weather that’s coming.”

Ask students to make a second prediction about whose structure will change the most as a result of the conditions presented.  Allow them to share their ideas again, and to explain their reasoning.   

Reward each student with a “special rock”.  After allowing them to inspect their rocks for special features, challenge them to nurture, and to safeguard them for the rest of the year.  
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EXPLORE
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Station 1

Materials:  15 rough, jagged stones of approximately same size, 3 containers with lids (coffee cans work well), 3 clear jars or cups, paper, pen, masking tape, tongs or tweezers, magnifying lenses

Procedure:  

1.  Allow students to work in teams of two or three.  Separate the stones into three piles of

     five, and place each pile on a different sheet of paper.  

2.  Label each pile of stones A, B, or C.  Do the same for each jar and for each can.

3.  Fill can A halfway with water, and put in the stones from pile A.  Repeat for can B and

     pile B, and for can C and pile C.  

4.  Tape down the lids on each can using masking tape, and allow the cans to sit overnight.

5.  On the following day, hold can A with both hands and shake hard 100 times.

6.  Using tongues or tweezers, remove the stones from can A and pour the remaining water

     into jar A.

7.  Make observations of the stones and of the water.

8.  Hold can B with both hands and shake hard 1000 times.

9.  Repeat steps 6 and 7 for can B.

10.  Leave can C unshaken.  Remove the stones and pour the water into jar C.

11.  Observe the stones and the water.

12.  Compare the three piles of stones and the contents of the three jars.

Questions for thought:

1.  How do the piles of stones differ?

2.  Can you explain why they might be different?

3. Which pile of stones acted as the control?  Explain.

4.   How do the jars of water differ?

5.   How do these results relate to what happens to stones in fast moving rivers and streams,

      or to stones that are moved by wind and pounded against other rocks?

Teacher Information:  Stones that are shaken up will have more rounded edges than stones that were not shaken.  Stones in can B should have more rounded edges than those in can A.  There should be sediment at the bottom of both jars A and B, but more in jar B, since there was more shaking.  The same thing happens to rocks which are carried along rivers or that are jostled about by the surf.  

Station 2
Materials:  3 snack size zipper bags,  three soil samples,  paper plates, magnifiers or jewelers loupes.

Procedure:

1.  Have students bring three different dry soil samples.  Suggest that they get adult

     assistance in sampling locations such as their backyard gardens, nearby parks, or

     empty lots.

2.  Students should label each sample bag with their name and the location from which 

     they got the sample.

3.  When students assemble, ask if they expect that their soil will be different from that of

     other students.  Have them explain their predictions.

4.  Pour each sample onto a separate paper plate, and label using alphabet symbols. (If 

    necessary, use a combination of alphabets and numbers to label the soil samples.)

5.  Position the plates at a working station so that students can move about to investigate at

     least ten different samples.  Students should feel samples with their fingers and make 

     observations using magnifying lenses or jewelers loupes.

6.  Students should complete the data chart for the ten soil samples chosen.

7.  Remind students to wash hands thoroughly after testing soils.

	Sample #
	Texture(smooth, gritty, rough, spongy, sandy, rocky or coarse)
	 Particle size
	Color
	Smell or odor
	Other Observations

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Questions for Thought:

1.  Did you observe anything in the soil samples that was a surprise or that you did not expect?

2.  Do you think that any particular soil sample would grow plants such as grass, 

     vegetables or flowers better than others?  Why?

Station 3
Materials:   large plastic dishpan or tub, sand or soil, small pebbles, stones, twigs, leaves and other plant material, water, pitcher, large stones 

PART I

Procedure:

1.  Pack the sand or soil on one side of the tub, and create a smooth slope.  This will

     represent a hill.

2.  Place pebbles, twigs and other nature objects on the slope. 

3.  Predict what will happen if water is poured down the slope.

4.  Slowly pour water from the pitcher onto the slope, and then pour quickly. 

5.  Observe and record what happens to the soil, sand  and other objects.

PART II

Procedure:

1.  Repeat steps 1 and 2 of PART I above.

2.  Add large stones onto the top of the sand/soil slope.  Use the same type of soil that was

     used for part I.

3.  Predict what will happen if water is poured down this slope.

4.  Repeat steps 4 and 5 from above.

Questions for thought:

1.  What is causing the land (hill) to wear away?

2.  What might keep the land from wearing away?  

3.  How do the results of part I compare to those in part II?  Explain what is happening.

4.  What will happen to this land (hill) if the erosion continues or gets worse?

Student Information:  When obstacles, such as large stones cannot be moved by water, they cause a change in the direction of streams and other waterways.  Water will move in the path of least resistance, and the softer soil will move more easily.
Station 4
Materials:   soil (with clay and silt), gravel, coarse sand, water, large, narrow jar with a lid

Procedure:  

1.  Add equal layers of gravel, sand, and soil to the jar.  Leave at least a fourth of the jar for 

     water.

2.  Fill the jar with water, and replace the lid.

3.  Shake the jar until everything in the water is thoroughly mixed.

4.  Place the jar on a flat surface and observe what happens.

5.  Record observations every 10-15 minutes for an hour.

6.  Record observations after several hours and on the following day.  Illustrate the 

     contents of the jar.

Questions for Thought:

1.  How did the water appear immediately after shaking the jar?

2.  Which material, soil, sand, or gravel settled to the bottom of the jar first?  Explain why.

3.  Which material settled last?  Explain why.

4.  How is this like a river that slows down?  

5.  How does this explain why fertile deltas form at the mouth of a river?

Student Information:   When a river slows down, the heavy boulders and rocks drop out first

                                    while silt and clay gets deposited last.

Break It Up!                              Teaching Guide                              Grade 4

EXPLAIN
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1.  Take students on a hike to look for signs of weathering, erosion and deposition in the

     school neighborhood, or arrange a field trip to another site.

2.  Have students look for signs of erosion that may have been the result of water on bare

     hillsides and slopes.

3.  Observe areas where trees and other plants have been removed, such as at

     construction sites.  Also, observe banks of creeks, rivers, streams.  Explain what is 

     happening in these locations.

4.  On a rainy day, have students check under storm drains for the washing away of soil. 

     Discuss why this occurs.

5.  Show students pictures of lichens and describe what they are and how they grow.  Allow

     students to look outdoors for lichens on rocks.  Explain to students that lichens can grow 

     in rock crevices, and that as they grow they produce acids which break down rock over 

     time.

6.  Have students look for smooth rocks in stream beds and on beaches.  Compare to other

     rocks found near their school grounds.

7.  Have students look for loose rock and soil at the base of slopes or hills.
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Station 1

Objective:  To identify causes and effects of chemical weathering, and to identify changes  

                   in the chemical makeup of rocks.

Materials:  safety goggles, disposable gloves, chalk (dustless only), two eye droppers, two 

                  test tubes, water, pencil, jar lid with a lip, vinegar, steel wool, glass beaker

PART I - Procedure:

1.  Place a small piece of steel wool in the bottom of two test tubes.  Use the pencil to push

     the steel wool to the bottom of the test tube.

2.  Use an eye dropper to add 3 or 4 drops of water to one of the tubes.

3.  Leave the other test tube dry.  This will be the control tube.

4.  Allow both tubes to sit in a beaker overnight.

5.  On day two, record observations of the steel wool in each test tube.

PART II – Procedure:

1.  Dampen one end of a piece of chalk with a little water and place it on its end in a jar lid. 

     (The moisture will help the chalk to stand upright.)

2.  Put on goggles and gloves, and use an eye dropper to add several drops of vinegar to

     the base of the chalk.  Record observations. 

3.  Fill the jar lid with vinegar and let it stand overnight.  

4.  On day two, record observations of the chalk.

Questions for Thought:

1.  What happened in the test tube that had the water added to the steel wool?

2.  What happened when you first added the vinegar to base of the chalk?

3.  What happened to the chalk after it sat overnight?

4.  What does vinegar represent in nature?

5.  Describe chemical weathering and explain what happens to rocks during the process.

Student Information: 

          -     In part I, steel wool represents the formation of rust thru oxidation.

-    In part II, vinegar fizzes on the chalk.  Chalk has calcium carbonate and reacts with any

     weak acid.  The vinegar should eat away the base of the chalk.

Station 2
Objective:  To test the porosity of various types of soils.

Before the lab: - Discuss with students the meanings of terms porosity and permeability.

                         -Teacher should prepare enough of the soil mixture using equal volumes of

                          sand, clay, gravel, and silt.

Materials:   sand, clay, gravel, silt, 100 ml graduated cylinder, water, 5 paper or plastic cups

Procedure:

1.  Work in pairs, and label 5 cups, either sand, clay, silt, gravel, or mixture

2.  Fill one cup ¾ full of sand.

     Fill one cup ¾ full of clay.

     Fill one cup ¾ full of silt.

     Fill one cup ¾ full of gravel.

     Fill one cup ¾ full of mixture of sand, clay, gravel, and silt.

3.  Fill the graduated cylinder with 100 mls of water.  

4.  Slowly pour the water into the cup of sand.  Allow the water to seep into the sand before

     adding more.  Have a partner keep a tally of how much water is added.

5.  Continue to slowly add water until a very small amount of water can be seen above the

     surface of the sand.  

6.  Record the total amount of water used using the data table.

7.  Repeat steps 3 through 6 using clay, silt, gravel and the mixture.  Remember to record 

     all data in the table.

8.  Create a bar graph to depict the data collected.

Data Table

	Soil type
	Volume of water added
	Other observations



	Sand


	
	

	Clay
	
	

	Silt
	
	

	Gravel
	
	

	Mixture
	
	


Questions for Thought:

1.  Which type of soil held the most water?

2.  Which type of soil held the least amount of water?

3.  Why do you think some soils are able to hold more water than others?

4.  After a heavy rain, in which type of soil would you expect to find water standing?

Station 3

Objective:   To simulate how rain affects topsoil, and changes its’ ability to support life.

Materials:   soil, red powdered tempera paint, measuring spoon, teaspoon, funnel, paper

                  coffee filter, 1 liter wide mouth jar,  clear plastic cups, measuring cup or graduated

                  cylinder

Procedure:

1.  Add ¼ tsp. of red tempera paint to ¼ cup of soil.  Mix thoroughly.

2.  Place the funnel in the jar, and place the coffee filter inside the funnel.  

3.  Pour the colored soil into the filter.  

4.  Add ¼ cup of water to the funnel.

5.  Observe the water dripping into the jar.

6.  Pour the water that drips out of the funnel into a clear cup.

7.  Add another ¼ cup of water to the funnel.

8.  Continue this until you observe a difference in the water that leaves the funnel.

9.  Record a description of the water that flows out after each addition of water.  Use the

     data table to record observations.

Data Table  (adjust as needed)

	Trial 
	Observations



	1st   ¼ cup of water
	

	2nd  ¼ cup of water
	

	3rd  ¼ cup of water
	

	4th   ¼ cup of water
	


Student Information:  In this experiment, the tempera paint represents nutrients in the soil that are soluble in water.  Nutrients dissolve in rain water and feed plants growing in soil.  If rain is heavy enough, the water will run across the land, taking dissolved nutrients with it.  Too much rain will leave topsoil stripped of its necessary nutrients.                               
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Part I
	 Water layer   



	

	

	


                                Label the layers of soil as they would settle out in water.

Answer the following questions by filling in the blanks with the names silt, sand or clay.

1.  What type of soil has the largest particles?

2.  What type of soil has medium-sized particles?

3.  What type of soil has the smallest particles?

4.  ________________all by itself is too hard for plants’ roots to push through.

5.  ________________feels gritty when rubbed between your fingers.

6.  ________________is heavier than silt, but not as heavy as sand.

7.  ________________is the type of soil with medium-sized particles and the lightest 

                                     weight.

8.  ________________by itself is so light that the wind can easily blow it away.

9.  ________________has too much space between particles to hold very much water for

                                     very long.

10.  _______________is heated with small amounts of lime and soda to make glass.

11.  _______________is used to make bricks and pottery because it sticks together and 

                                    dries hard.

Part II

Have students find out ways that people (not geological forces) contribute to the shaping of

landscapes.  Some considerations include the impact of work done by:   farmers, developers,  strip miners, channel and dam builders, highway builders, loggers.                                                                    
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Reading Connections

A Book About Sand   Harlan Wade,  Raintree Publishers Ltd.,  1977

This easy-reader for children ages 7 and up, is a descriptive story about the “dust of mountains”, sand.  It details the stages in the processes of weathering and erosion which transform mountains into grains of sand.

The Pot That Juan Built   Nancy Andrews-Goebel,   Lee & Low Books, Inc.,  2002 

Juan Quezada is the premier potter in Mexico.  Using local materials and primitive methods of Casas Grandes people, Juan creates stunning clay pots in the traditional style.  Each is a work of art unlike any other.

A to Z Mysteries The Quicksand Question  Ron Roy,  Random House, Inc.,   2002

Everyone in the town of Green Lawn is in a quake about the ducks that keep crossing River Road.  Just when the town raises enough cash to build a special duck bridge, the money is stolen.  Dink, Josh, and Ruth Rose are on a quest to find the culprit.  But to catch their quarry, the kids will have to go wading through quicksand!

Science in a Vacant Lot   Seymour Simon,  The Viking Press, Inc.,  1970

A vacant lot isn’t really vacant at all.  People may call it that because no building stands there.  But a vacant lot is full of things to explore:  rocks, plants, insects, trees, small animals, and even the dirt you walk on.  All these things have a science story to tell, if one just looks closely.  Find out how rocks and soil are investigated for ability to grow plants, to erode and even to provide matter used for decay.

Big Science – The Changing Land   Scholastic Big Book,   1990

This book excites the senses as it describes how waves on a rocky coast have helped to shape the land over thousands of years.   
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Sentence cards to make earth sounds, e.g, waves hitting a beach…
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Profits gained through erosion control by farmers 
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