Lesson Two

What role does water play in the weathering process?

Students will be presented with a number of rock samples and a small bottle with a drip feed containing water.  The specimens should vary so that at least sandstone, limestone and granite are tested.

 In groups of 2 or 4 they will be asked to devise a fair test to determine porosity.

Students will have to:

· Make predictions

· Recognise that both the number of drips of water and the time the water is left on the rock will have to be monitored if the test is to be fair

· Devise a recording sheet

Students can be asked to write their results on the board for the whole group to share.  Ask pupils to group the rocks according to their type i.e. igneous or sedimentary when recording their results.  

· Students can use IT skills to produce the whole class results as graphs.

Students need to know:

· The difference between the terms porosity and permeability.  

 This can be demonstrated in class in the following way.  Ask the students why they thought the water soaked into some rocks and not others – pore spaces between the grains in sedimentary rocks allowed the water to seep in, there are no pore spaces in crystalline rocks. Students sitting at their desks represent the pore spaces and the gaps between them the grains.  Ask whether they think water will flow through the” rock “ (the gaps between the students) easily.  The answer should be no as there are no connections between the pore spaces.  Now ask students to hold hands – the ” rock” has now become permeable, there are links between the grains and the pore spaces.

Weathering

Definition of weathering: breakdown of solid rock to form sediments
Students will be introduced to the physical processes, which lead to the disintegration of rock.  Weathering is usually broken down into two forms, physical or chemical.  It is important that students recognise that neither process operates independently of the other, in a cold harsh climate physical weathering will be dominant and in a hot humid climate chemical weathering will be dominant but they will not be the only forces at work.  

Physical/mechanical weathering 

Use granite as an example of freeze thaw weathering showing clearly that although the rock type has not been identified as porous it often has ‘joints’ which allow water to permeate into it.  Remind pupils this is a crystalline rock, which formed from molten material and is made up of different minerals.

Students will need to know that:

· Freeze thaw takes place in areas where the temperature fluctuates around zero

· That means it does not happen only in cold countries 

· Even if the temperature fluctuates around zero if there is no water available the process cannot occur

· Other forms of mechanical weathering are exfoliation and thermal expansion, root pry or burrowing by animals.

Chemical weathering

Chemical weathering involves water. Carbon dioxide dissolved in rainwater leads to the formation of carbonic acid.

H2O + CO2 (H2CO3

This makes the rainwater acidic.  Rainwater will react with calcium carbonate, the main “ingredient” of limestone or other carbonate rocks like chalk, dissolving the rock and carrying the residue away in solution, calcium hydrogen carbonate.

Stronger acids may be produced locally if water comes into contact with sulphide minerals the result will be 

H20 + SO2  ( H2So4

Another important chemical weathering process is hydrolysis, a reaction between a mineral and the hydrogen in rainwater.  This process is associated with feldspars, which break down to form clays.

Acids produced by decaying plants can also influence chemical weathering rates as can the degree of oxygen available, use rusting as an example here.

Students will need to know that:

· In chemical weathering the amount of surface area available is very important.  The larger the surface area the more rapid the chemical weathering process. 

Useful image of increasing surface area available at

http://www.ux1.eiu.edu/~cfjps/1300/weathering.html
· The rate at which chemical weathering takes place is influenced by the climate, warmer and wetter climates increase the rate

· The rate at which chemical weathering takes place is influenced by the ph (acidity or alkalinity) of the water or the soil overlying bedrock

· Some minerals are particularly susceptible to chemical weathering (feldspar)

Experiment

Students can set up a simple experiment to test the effect of changes in surface area, temperature or pH on speed of breakdown.  

Divide the class into groups of 4, for each group you will need the following:

Apparatus

4 x 50ml beakers

4 X 30ml water

4 X effervescent tablets (indigestion tablets for example, denture cleaning tablets are a good choice as they can be purchased very cheaply from the High Street chains of chemists)

Recording sheets

Stop watch

Method

· Keep one tablet whole

· Split one tablet in half

· Split one tablet into 8

· Crush one tablet.

Each student fills his or her beaker with 30ml of water at room temperature.  When the student is ready to record the time they add their tablet (either whole, halved, crushed or split into 8) to the water and records the time taken for the tablet to dissolve (effervescence stops).

· The experiment can be repeated by altering one variable, either water temperature or pH of the water and the results recorded.

· Students share their results with the whole class.

What has the experiment shown?  How do the results link to chemical weathering?  Can they see the links between physical and chemical weathering?

· The crushed tablet will effervesce quickly

· The results show that greater surface area = rapid chemical breakdown

· The results should show the process is quickest in warm water

· Acidity affects the reaction time

· Crushing = physical weathering, so although chemical weathering can act on its own (the whole tablet) it is much quicker on “weathered” material

Useful images at

 http://www.thewalkzone.co.uk    A series of photographs associated with walks in, and views of, the Lake District, Morocco, Nepal, Spain.  A range of tasks could be linked to the images, predicting what type of weathering is likely to occur for example.

http://www.au.au.com/cameras/images/devils-marbles.jpg Images of the spheroidal weathering of granite.   This is a superb example of the way in which mechanical and chemical weathering processes work in tandem, the mechanical forces cracking the rock and the chemical reactions leading to removal of the flaked surface.

www.soton.ac.uk/~imw/portnew.htm#build
Excellent photographs of quarries on the Isle of Portland, students could debate the weathering processes going on in the quarries – mechanical removal acts like physical weathering exposing and weakening surfaces so that further physical and chemical weathering can take place.

Extension: Field Study in a local Cemetery

By examining changes to the surface of headstones in a cemetery deductions can be made about the degree of weathering that has taken place since the stone was erected.  Predictions can be made regarding the speed with which a certain type of rock used for headstones in the same cemetery will weather.  Students will need to develop a standard tool to allow them to measure the changes that have taken place in order to ensure a fair test takes place.  Robert Inkpen, Department of Geography, University of Portsmouth suggests comparing the sharpness of the lettering; this could be linked to a percentage scale for example:

Lettering sharp and distinct = 0% weathering

Lettering still legible but all clean edges removed and writing difficult to distinguish form the gravestone’s surface = 50% weathering 

Unable to make out date on headstone  = 100% weathering

The criteria could be made more complex depending on the time available for study but these 3 divisions will allow comparisons to be made between headstones of the same age, of the same or different rock type and deductions made about the speed at which certain rock types deteriorate.  Teachers should note however that this approach gives the impression that weathering is a linear process when in fact rates of weathering may increase as the original surface is lost, position in the cemetery may also play a part and so it would be useful for students to draw a map and indicate the distribution of headstones examined and the direction the stone was facing.  Students stand with their back to the face of the headstone, which has been inscribed, and take a compass reading from that point in order to determine which way the stone is facing.  Have headstones of the same age and rock type weathered differently if they are facing in different directions?

Finally having completed the task ask your students which rock type they would want used for their own headstone!

Homework

Task One:
Students use the Internet to collect images of rocks weathered by the processes of exfoliation and thermal expansion.  

Extension task: Students write a paragraph to accompany each of the images they have found to answer the question: What role does the climate play in these types of weathering processes?

Task Two:

Using the library and the Internet students collect information on the 3 main minerals found in granite, quartz, feldspar and mica.  For each mineral they should answer the following questions:

· What shape is the mineral

· What colour is the mineral

· What is its hardness number

Teacher’s notes to support homework task:  

Hardness is a relative scale devised by the scientist Mohs in 1822 to show minerals resistance to abrasion.  The scale ranges from 1 to 10, diamond is the hardest at 10, talc is the softest mineral at 1.  A fingernail has a hardness of about 2.5, a steel penknife blade is 5.5 and any mineral that will scratch glass has a hardness of more than 6.  Hardness reflects the way in which the atoms of a mineral are packed together; the more tightly they are packed the harder the mineral.  

· Mica

Hardness: 2.5   

 Mica is flat and platy and splits easily along one plane. This is known as its cleavage and mica is described as having one perfect cleavage.  It is very light and easily dispersed in wind but in water is often found in the mud deposited along the edges of slow moving rivers or in estuaries.  Weathered from igneous rocks it is an important component in clastic sedimentary rocks.

· Quartz

Hardness: 7

Quartz crystals are usually 6 sided prisms which can be found in a range of colours from the white milk quartz to pink rose quartz to transparent.  The crystal grows in such a way that it has no plane of weakness, it does not split easily in any one direction and so has no cleavage.  This makes it resistant to erosion once it has been weathered from an igneous rock.  Quartz is the main component of the clastic sedimentary rocks sandstones and gritstones.  It also provides the “sand” for many of the beaches around the coast of the United Kingdom.

· Feldspar

Hardness: 6

Feldspars are very abundant minerals, which occur in igneous rocks, they may be pink or white.  They exhibit 2 good cleavages.  The alkali feldspars weather readily to the clay mineral kaolinite.  Feldspars have an affinity with water and so are easily broken down by chemical weathering.

