Pre-visit Activity- Weathering and Erosion

Duration:  1-2 hours
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Objectives: 

After completing the lesson, students should be able to:

1. Name the factors that cause erosion. 2. Distinguish between erosion and weathering. 3. Distinguish between chemical and mechanical weathering

Key Concept:  The Earth’s surface is always changing. Multiple Intelligence approaches: spatial/visual, naturalistic, logical/mathematical.
Content Standard: Earth and Space Science:  Properties of Earth materials.

Background information:

Erosion is defined as the removal of weathered material usually by water and wind.  Transport of sediments in rivers and streams range from microscopic clay particles to large boulders, which will eventually become deposits on land, and in lakes and oceans.  Bank erosion is the removal of rock and soil along streams and rivers, especially during flooding, and can result in great environmental damage.

Weathering is defined as the physical breakdown and chemical alteration of rocks and minerals at or near the Earth’s surface.  The two types of weathering are mechanical and chemical.  
Mechanical weathering occurs when physical forces break rock material into smaller and smaller pieces that retain the same composition as the rock (or minerals in the rock.)  An example of this may be when granite rock is mechanically weathered into sand.  The physical processes that mechanically weather rock include frost action, pressure release, thermal expansion and contraction (extreme differences in temperature), and activities of living organisms.  
Chemical weathering is the process that decomposes rock material by chemical alteration of the rock.  This process is interconnected with water, because solutions (in this case water and ionic or molecular substances) dislocate or strip ions from solid materials to become dissolved.  Chemical weathering is accomplished by action of atmospheric gases, especially oxygen, water and acids.  Organisms also play an important role in this form of weathering, because they remove ions from soil and produce acids released by their roots or waste products.  Lichen for example has a direct effect on weathering rock surfaces.  Lichen rich rocks will take on a rough texture whereas lichen-free rocks may be smoother, having undergone less chemical alteration.  A number of clay minerals are formed as the chemically altered products of other minerals.  Clays can be observed easily by looking at the surface along a cracked rock lifted from the surface of the ground.  Many aspects of weathering can be observed on a nature walk at Great Falls Park.


Mass wasting is defined as the down slope movement of materials by the direct effect of gravity, and is a result of much weathering.  Avalanches, rock falls, and mudslides are types of mass wasting that get the most publicity.  Large slabs of rock that fall from the cliff bedrock at Great Falls is the type of mass wasting one can observe at the Park.

Physical conditions: Weathering is the breakup of rock due to exposure to elements of the atmosphere such as water, air, temperature, sun, plants and animals, as well as cosmic rays.  These physical elements are not present in rock deeply buried beneath the Earth’s surface, which may remain stable for extremely long periods of time.  Igneous rock such as granite created as a huge batholith within the Earth’s crust was crystallized under extreme pressures.  If the same granite becomes exposed at the Earth’s surface, where much less pressure exists, the rock weathers mechanically under the release of the pressure from when it was created.  Weathering of rocks is due in part to the difference between conditions at depth and conditions at the surface.  Rocks at or near the surface become less stable as the elements of the atmosphere wear away at the surface or along cracks or fractures.  The processes of weathering, erosion, and mass wasting are just one part in the rock cycle of Earth.  Rock materials which are broken and worn down, will be deposited elsewhere on the surface of the Earth, compressed into sedimentary rocks, which will eventually become magma or changed by heat and pressure into metamorphic or igneous rock deep in the crust of the Earth.

Part 1 – Experimenting with Conditions of Weathering and Erosion

Activity 1 – Rocks wear away other rocks

Activity 2 – Water wears away rock

Activity 3 – Roots crack and break up rocks

Activity 4 – A change in temperature can crack rocks

Activity 5 – Oxygen in the air (atmosphere) affects rocks

Activity 6 – Lichens crumble rock

Activity 7 – Groundwater

Activity 1 – Rocks wear away other rocks

Materials:

· A piece of shale (or other rock that breaks or crumbles easily)

· Sheet of paper

· A large, hard rock

· One teaspoon full of soil

Procedure:

Hold the piece of shale over a large sheet of white paper.

Rub the shale against the hard rock

Describe what happens

Compare the dust that falls on the white paper with the shale and the larger rock.  What would you say represents the pieces on the paper – the shale or the other rock?  How might rocks be broken up in a river and on land?

Compare the dust on the white sheet of paper to the teaspoon of soil.  Is soil made of rock material?

Activity 2 – Water wears away rock

Materials:

· A clean pint-sized jar with a cap

· Several small pieces of shale

· A small rounded cobblestone (large pebble)

· Water

Procedure:

Place the small pieces of shale into the glass jar.  Note the rough appearances of the edges of the pieces of rock.  Add the water until the jar is about half filled.  Screw the cap tightly.

Shake and agitate the jar to demonstrate action that takes place in a flowing river.  Inquire what forces are in a river that effect rocks?  What is gravity?  What effect do floods have on these actions?  How does the river flow 24 hours a day, 7 days a week, 360 days a year for thousands of years?  What effect might that have?

Remove the pieces of rock from the jar, but leave the water in the jar.  Note how much smoother the sharp edges of the pieces of shale has become.  Also note the sediment that settles to the bottom of the jar.

Activity 3 – Roots crack and break up rocks

Materials:

· Notebook

· Pen and Pencil

Procedure:

Take a walk around the neighborhood and look for sidewalks that have been pushed up, and cracked or broken by roots of nearby trees.

Have the students note observations.

Write observations and hypothesis on easel paper or chalkboard back in the classroom.

Activity 4 – A change in temperature can crack rocks

Materials:

· Piece of shale

· Forceps

· Bunsen Burner (or some other heat source)

· A beaker of cold water

Procedure:

Hold one end of the piece of shale with the forceps, and heat the other end of the piece of shale with the flame of the Bunsen burner.  (Take all necessary safety precautions to avoid injury.)

After about 2 or 3 minutes, remove the shale from the flame and plunge the heated end into the beaker of cold water.

As the shale contracts because of sudden change in temperature, bits of pieces of shale will break (or shatter) and settle to the bottom of the beaker.

Explain that this demonstrates the process that happens in nature as rocks heat and cool seasonally.  How is this demonstration different that what actually happens in nature?

Activity 5 – Oxygen in the air (atmosphere) affects rocks

Materials:  

· Three wads of steel wool (available in hardware stores)

· Two jars with tight-fitting lids

· Easel paper or chalkboard

Procedures

Place a wad of steel wool in  a jar with water and one without.  Keep a piece of steel wool safe in its packaging.  Wait several days until rust appears.  Compare the test results with the class.

Allow the class to observe the rust.  How did it occur?  What is the difference between the steel wool and the rust?  What is steel wool made of?  Describe how the experiment was performed.  Rust occurs when iron combines with oxygen to form iron oxide.  However the oxygen state found in air does not react with iron.  It is the oxygen in water (H2O) that can react with iron to form the new material, and process we refer to as corrosion.  What other examples of rust can the class think of?  Atmospheric gases can react with rocks on Earth’s surface causing things to change, but it occurs slowly.

Many minerals found in rocks react with Oxygen in the air – the same gas we breathe and our body uses.  Other gases in air have an affect on chemical weathering, but oxygen is believed to have the greatest affect, as well as water vapor.  This demonstrates how the atmosphere has an affect on rock material.  What other organisms can we think of that need oxygen?  This relates to plants, which both chemically and mechanically break down rock.  Mechanically, the growth of roots and plant trunks break up rock.  Chemically, they emit acids in solution to the soil through root systems with the help of water.

Activity 6 – Lichens crumble rock

Materials:

· Nearby trees with lichen.  There are thousands of types of lichen.  Lichen is a plant that grows on something else (like roofs, walls, fences, trees, rocks, and buildings)  Note: lichen may be confused for a moss.  

· Pictures of lichen.  Books are available as nature guides, or pictures may be found on the internet.

Procedure:

Take a walk to the park.  Find rocks on which lichen is growing, or bring a piece of rock with lichen or a piece of bark.

Scrape off a bit of the lichen and examine the rock.  What observations can be made?  The part of the rock with the lichen is typically softer and crumbles more easily.  Lichen like most other plants gives off an acid that attacks the rock (minerals).  In solution (water is necessary) chemicals wear away the surface.  Rocks with lichen have a rough surface.

Note:  Lichen is a symbiosis – a mutual relationship between two separate plants, fungi and an algae.  Both plants benefit the other, which is essential to the combination (or relationship), providing something the other can use.  The fungus has roots that draw minerals into the plant.  The algae absorbs mineral from the fungi.  The alga is single-celled (very small) and because it can photosynthesize, it produces sugars (carbohydrates) that the fungi use for its growth.  

Activity 7 – Groundwater

Materials:  

· Pictures of caves (i.e. Mammoth Caves National Park (NP), Carlsbad Caverns, NP, Luray Caverns in Virginia.)

· Piece of limestone

· Hydrochloric Acid (found in school science catalog) 

· Note: use caution

· Eyedropper

· Paper towel

· Bottle of water (for cleaning)

Caves or caverns are formed by action of the ground water containing solutions that react with the calcium carbonate of limestone.  Carbon Dioxide in air combines with water to form an acid that also reacts with limestone.  Share experience if you have visited a cave. What do you remember seeing?  Ask the students if they have ever been in a cave?  Limestone in the Shenandoah Valley has formed many caves.  Stalactites and stalagmites form beautiful shapes beginning at the top and bottom, respectively.  These were formed from underground water, which has limestone dissolved in it.  The underground water forms deposits by dripping so slowly through the roof of the caves that as the water evaporates the dissolved limestone comes out of solution (precipitates) to form the stalactites.  Stalactites look like “icicles”, hanging from the ceiling of the caves.  Stalagmites form like columns from the floor.

Part 2 - What can you see at Great Falls Park?

Materials:
· Area map that shows D.C. Metropolitan area, Potomac River and Great Falls Park

· Picture of Great Falls

Procedures:

Where is Great Falls Park?  Have the students locate Great Falls Park on the map, and show them a picture of Great Falls.  Locate other features and landmarks.  Great Falls Park is a national park.  Inquire how Great Falls Park is different from other places.  How is the park different than the city?  Great Falls is a place of natural beauty.  It is located on the Potomac River 14 miles north up the Potomac River from Washington D.C.  Rocks, water, and forest dominate the landscape.  The rocks that are exposed at Great Falls are unique because few places in the area have these exposed areas of rock.  Geologists study the rocks to understand Earth history.  Observing rocks at Great Falls reveal processes of the Rock Cycle and remind us that the Earth is active.  We can observe how landforms are formed, and what created the original rock.  We can determine what happened long ago, and what happened in the more recent past.  These are things that will be explored on the Park visit.
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