Lesson Three

What features are typical of limestone landscapes?

Limestone Pavements

Students should know that:

· Limestone is a carbonate rock which formed in shallow warm waters

· Often there are the visible remains of fossils in the rock

In order to understand the way in which limestone pavements form students should know that:

· Carbonate sedimentary rock forms in beds.  Each bed represents a period of deposition, a block of time during which shelly organisms collected in the lime mud on the floor of the ocean.

· The beds are separated by bedding planes.

· Bedding planes represent gaps in time as they form only when there is a period of non –deposition.

· The bedding planes are likely to form weaknesses in the solid rock when it forms.

· The rocks may remain hidden at depth for millions of years but some will eventually be seen at the Earth’s surface when major Earth movements, such as earthquakes force them up to the surface.

· Over time a thin soil will develop on top of the limestone

Remind students of the way in which a soil forms.  Tiny pieces of rock broken off by weathering processes are gradually covered by lichens and/or mosses, which continue the breakdown processes by chemical weathering.  As the plants die they add organic matter to the mineral mixture formed by the broken pieces of rock.  As more and more organic material collects larger plants will be able to grow, die and decay and add to the nutrient levels found in the newly forming soil.  Air and water and eventually biological organisms such as worms combine with the minerals and the organic matter and a true soil is formed.  This process can take hundreds or hundreds of thousands of years to be completed.  In areas of limestone because so much of the rock is lost to solution as it is chemically weathered it takes a very long time to form just a thin soil. 

Demonstration

In numbered beakers have:

· Leaf litter

· Sand/Crushed rock

· Clay

· Water 

Ask students to give you the recipe for soil.  What else do you need to make your soil complete?

· Air

· Soil fauna

Where has the sand and clay come from?  Weathering of rock

Why would a soil on limestone take hundreds of years to form? Dominant form of weathering is chemical weathering so little in the way of mineral matter to add bulk to the organic material.

Students need to know that:

· During the Quaternary period of geological history glaciers up to 1km thick moved over the limestone landscape in Ireland and the North of England

· In some areas the soils were scraped off the limestone as the glaciers slowly moved over them

· The weight of the ice fractured the limestone along the bedding planes

· Some of the fractured rock was also stripped away by the ice

· About 15 thousand years ago the ice started to retreat (shrink) as the climate began to warm.

· As they did so thick layers of Till, a clayey deposit often containing boulders and broken rock pieces, was deposited on top of the limestone.

· When glaciers form sea level falls as the water that would usually flow in rivers from the land into the sea is locked up in the ice

· This means the sediments, sands and fine clays, which accumulate on the gently shelving edges of the oceans are exposed and the sediments dry out

· When the global climate begins to warm and glaciers retreat the winds blow these sediments from the edges of the oceans inland

· Sediments from the North Sea and the Irish Sea would have been blown inland and deposited on top of the Till

· Over time a soil formed

· Water percolated through the soil and attacked the cracks and fissures in the rock.

Students should know that:

· Carbon dioxide dissolves in rainwater and forms a weak carbonic acid

· Decaying plant material may form organic acids, which will be picked up by the rainwater flowing over the land

· The rainwater seeping through the soil will attack weak areas of rock and, because limestone is a carbonate rock, the chemical reactions will lead to dissolution of the rock

Students need to know that:

· Over thousands of years a distinctive landscape has evolved where the water has attacked the rock

· Distinctive patterns began to form on the rock surface

· Horizontal gaps known as grikes are formed

· Some of the thin soil will be washed down into the grikes

· Over time the thin soils left on the flat rock surfaces will be eroded and the rock exposed

· The flat areas are known as clints
· The effect of both the weight of the ice and the action of the water has resulted in a structure known as a limestone pavement
· Limestone pavements are very special, unless the climate of the United Kingdom becomes so cold that another ice age begins then the conditions needed for their formation will not occur

· In years gone by pieces of limestone pavement have been used in gardens to form rockeries as they look very attractive, this was before geologists were able to explain how special these areas are. Garden centres are no longer allowed to sell limestone pavements and the areas of pavement are protected by special legislation 

Task

You are a farmer who lives near an area of limestone pavement.  You keep sheep that roam freely around your home and you have also converted three of your barns into holiday homes.  Many of the people who stay on your farm have come to walk on the moors and to see the limestone pavement.  There is a great deal of arguing amongst your neighbours about the best way to care for the limestone pavement now and in the future and they have asked you to a meeting to decide what to do.  Everyone has been asked to bring 3 suggestions for protecting the limestone pavement to the meeting  - what will your suggestions be?

Working in pairs, students use the following cards to help them decide how to care for the limestone pavement. Students should quickly realise that the farmer will be affected by any decisions made and gain some appreciation of the difficulties involved in reaching solutions about the care and protection of the environment.

· Limestone pavements are irreplaceable, as the climatic conditions in which they formed cannot be repeated.

· Plants and animals that live on limestone pavements are often not found anywhere else.

· People have collected limestone pavement to build rockeries and other features in their gardens.

· Only 3%, about 90 hectares of limestone pavement in the United Kingdom is undamaged.

· Animals grazing on the plants add nutrients (from their dung), which collects in the grykes enriching the thin soil.

· If the soil conditions change plants of more vigorous species will be able to grow and gradually the special plants of the limestone pavement will be lost.

· Animals grazing on the limestone pavement will scratch the surface with their teeth and hooves; this increases the surface area open to attack by acid rain.

· If there is no grazing small trees like ash, hawthorn and birch will begin to grow in the grykes.  Over time the pavement gradually becomes woodland.

· People walking on the limestone pavement will, in time wear it away.

· Ramblers first reported the damage being done to the limestone pavement by the removal of large area of the rock.

Teacher information: Limestone pavements, which have formed in Carboniferous limestone can be found in Wales, Northern England and Northern Ireland but in total there is less than 3,000 ha.  The largest amount is found in North Yorkshire and Cumbria.  The United Kingdom has the largest proportion of the total limestone pavement found throughout the European Union. In 1975 research into the condition of the pavements found in the United Kingdom found that only 61% of the pavements could be classed as intact and out of that total only 3% were completely undamaged. Now a piece of legislation known as the Limestone Pavement Order makes it illegal to remove limestone pavement. Limestone pavements have been designated as Sites of Special Scientific Interest (SSSI), which also gives them some protection.  Information about the United Kingdoms Biodiversity Action Plan with regard to the protection of limestone pavements can be found at http://www.UKbap.org.uk/UKPlans.aspx?ID=26

Web Link

Good images can be found at

http://www-biol.paisley.ac.uk/bioref/Habitats/LimestonePavement.html
Superb photograph

http://www.limstone-pavements.org.uk/geology.shtml 

www.walking britain.co.uk/gallery/g2c.shtml

Images 051f, 239f. 239g. 208b 

Useful information and images can be found at 

www.english-nature.org.uk/special/nnr/nnr_details.asp?NNR_O=92
Scroll down to Limestone Walk or Ridge Route for information on limestone pavements.

Homework

Visit http://nsidc.org/glaciers/index.html the web site for the National Snow and Ice Data Center (American spelling!) in Boulder Colorado and follow the ‘story of a glacier’ links.  Produce a storyboard to show the history of the limestone pavements in Yorkshire from the time the limestone formed to the exposure of the limestone pavements we see today.

