Lesson Two

Above and below ground - what features are typical of limestone landscapes?

A useful way to introduce some of the interesting geological formations found in areas where the bedrock is limestone would be take a Virtual Tour using a published guide and a geological map of the area.

The example used is of Lathkill Dale in Derbyshire. Lathkill Dale is a National Nature Reserve managed by English Nature who have produced an excellent leaflet entitled: Lathkill Dale Geology Trail: a self guided trail to the formation and geology of the dale.  This could be used in the classroom alongside an Ordnance Survey and Geology map of the area. 

Students, working in pairs, use the maps and the trail guide provided to produce an illustrated and annotated wall display identifying and describing the various features typical of limestone areas identified on the Virtual Tour.

A base map on which students can add small sketches and text boxes explaining the various features characteristic of a limestone landscape identified along the trail is provided. When the task is complete the paper can be mounted onto A1 Daler board to be used as a wall display.

Teacher Information
If possible contact quarries in the White Peak in order to show students examples of the limestone being discussed.

In order to support teachers using hand specimens a brief introduction to the formation of limestone in the Derbyshire Dales and information on the most common fossils likely to be found in the rock is provided.  

This is followed by material for classroom delivery on the impact of water on limestone landscapes and finally each of the features found along the trail is described briefly. The descriptions could be used as a handout to support teacher input or to support individual research.

Description of Derbyshire limestone

· Limestone found in the Derbyshire Dales formed in warm shallow seas approximately 360 million years ago when the landmass we call Britain was located near to the equator.
· The remains of shelly organisms found in those seas at that time have been fossilised and form part of the rock.

· There would have been many more creatures and plants in the warm seas but only a few of those with hard parts have been preserved.

· Brachiopods and crinoids are the most abundant fossils found in this limestone. 

·  Brachiopods were shellfish; a soft body was encased inside a shell, which consisted of two valves held together by a hinge.  The valves would open just enough to allow the creature inside to feed by filtering food out of the water that flowed over it but they would close quickly if danger threatened.  

· Crinoids are sometimes called sea lilies and were at one time thought to be plants.  We now know they were creatures related to today’s starfish.  The soft body was attached to the sea floor by a “stalk” and the skeleton grew around it. The creature had five tentacles; these were used to catch their prey as it swam towards them through the water.

Students need to know that:

· The features seen in the landscape at Lathkill Dale reflect the impact water can have on limestone.

Students need to know that:

· Water contains dissolved carbon dioxide and may also contain dissolved sulphur dioxide or organic acids formed from decaying plants.

· This makes the water acidic.

· Carbonate rocks react with acid.

· The acid breaks the bonds holding the carbon and this reacts with oxygen to form carbon dioxide, which is released to the atmosphere.

· If this happens enough times the rock will eventually disappear, the carbon to the atmosphere, the remains of the rock washed away with the rainwater.   
· Students should be provided with dilute hydrochloric acid and samples of carbonate rock to see the effect of cid rain on carbonate rocks.

In order to complete the wall display task students need to know about:

Dry Valleys

At the end of the last Ice Age vast quantities of water flooded across the land as the ice melted.  To try and get some idea of the thickness of the ice at the height of the Ice Age it would have been possible, in Scotland, to walk straight across from one mountain peak to another. Even though the ice was melting the ground was still frozen and so there was little or no through flow (this is when water seeps into the soil and flows underground) just overland flow.  In the Derbyshire Dales the water quickly cut down through the rock forming steep sided gorges.  Very few of these valleys have rivers flowing through them today, hence they are known as dry valleys (an example of a dry valley can be seen along the Lathkill Trail at Mill Dale).  There are some valleys, like Lathkill Dale itself, which have a river for only part of the year depending on the amount of rainfall in autumn and winter. 

Springs

Rainwater, which sinks into the ground slowly will gradually fill up the open spaces, known as pore spaces, between the soil particles.  Any water not held in the first few centimetres of soil, or used by plants, continues to seep downwards towards the bedrock.  The water gradually fills up all the pore spaces in the soil and, as it infiltrates the bedrock, also fills the pore spaces and fractures in the rock.  This water is called groundwater.  The upper limit of the saturated zone – the zone where all pore spaces are full of water – is known as the water table. The zone above the water table is called the zone of aeration because the pore spaces there are mainly filled with air.

Students need to know:

· The difference between porosity and permeability and the effect this will have on groundwater movement.   Porosity is a measure of the space between grains, permeability is the degree to which water can move through rock or soil.

· The water table is not level or static.  The shape of the table reflects the landscape above it and the table falls or rises according to how much rain is falling and how quickly the water moves through the pore spaces.

In limestone regions rainfall quickly seeps down through the rock.  The rock is often cracked or has been dissolved in places by the action of chemical weathering caused by acidic water.  This allows water to move easily through it.  If the permeable rock outcrops (appears at the Earth’s surface) then the water will flow away.  This is a spring.

In some parts of Derbyshire the groundwater travels to great depths where it becomes heated and, if it should rise back up to the surface, the water will emerge as a hot spring. In the Derbyshire towns of Buxton and Matlock a whole tourist industry grew up around these hot springs in late Victorian times when people came by train to swim in the warm spring waters pumped to bath houses as they were thought to help cure a range of aches and pains.     

Caves

Groundwater gradually dissolves the limestone it flows through forming caves.

· Remember rainwater has a pH of 5.6 so is acidic

· Students could find out the chemical equation for the dissolution of limestone when it is in contact with acidic water and add this to their sketch. 

· CaCO3 (limestone) + H2CO3 (carbonic acid) (Ca (HCO3)2+ (calcium hydrogen carbonate solution)

Sinkholes

Sinkholes may form gradually as the rock directly beneath the soil is slowly dissolved by the action of rainwater moving through it.  A sinkhole formed in this way is usually a shallowly sloping gentle basin shape.  Sinkholes can also be formed when the roof of a cave collapses under its own weight.  This usually happens suddenly and without warning.  The sinkholes formed in this way are steep sided and deep.

Stalactites

Water moving through carbonate rocks collect dissolved carbon dioxide.  If the water seeps into the roof of a cave filled with air some of the carbon dioxide will escape from the water and the mineral calcite begins to precipitate.  The first sign that this is happening is the appearance of a ring around the edge of the water droplet.  As one drop follows another a minute trace of calcite is left behind and a hollow limestone tube begins to form.  The water now moves through the tube adding further tiny calcite deposits to the tube before falling to the floor.  

Stalagmites

The drops of water, which fall to the floor of the cave from the stalactites or the roof of the cave, do not form a central tube of calcite in the same way as a stalactite.  The calcite precipitates out of the water to form a column which grows upwards over time.

Stalactites and stalagmites can eventually meet, if this happens the structure is known as a column.

· Some students might realise that this is a new carbonate deposit being created albeit without the help of dead organisms!
Scree

Students should already know that:

· Rocks can be shattered by a form of mechanical/physical weathering known as freeze thaw

· Freeze thaw breaks the rock into small pieces
Screes form when water, which has seeped into the bedrock freezes and expands.  This leads to fracturing of the rock and small pieces of broken limestone slide down the slope and collect at the bottom.  Over time the scree builds up to form a rubbly mass on the slope.  Some scree slopes are ancient, they formed at the end of the last Ice Age, and some are still forming today.  An ancient scree slope can be easily identified as it will have stabilized and will have plants growing on it.

Quarries

Limestone has been an important material for building purposes for centuries.  It has been used as an antiseptic (used as a lime wash to paint walls in houses for example or as quicklime sprinkled into graves) and as an ingredient in mortar. Today it is used amongst other things in the making of cement, for pharmaceuticals, in toothpaste, as a building material and by farmers to reduce the acidity of soil.  Some of the landscape seen in the limestone regions of the United Kingdom that we consider to be “natural” is in fact a relic from quarrying activities.  Remember that until the age of industrialisation rock would have been quarried by hand and so the scale of many quarries was quite small.  Today quarries tend to be much bigger but right from the start the owners of limestone quarry sites have to think about what the site will look like when quarrying finishes.  Computer technology is often used to show how the quarry can be worked in such a way that, when work finishes, it will resemble a natural scarp.  Scarp is the word used to describe a cliff face in limestone landscapes.
An alternative to this exercise would be to visit

www.walkingbritain.co.uk/gallery/g2c.shtml
This link provides details of walks in the Malham area of the Yorkshire National Park along with a selection of images.  Students could identify the area to be walked on both the Ordnance Survey and the Geological map of the area.  They could produce their own map in exactly the same way as outlined for Lathkill Dale downloading images of specific features from the web site to add to their map and information boxes.

On the walk students might identify Watlowes Valley,a dry valley, Malham Beck, a spring which rises from a submerged cave and waterfalls at Thornton Force, Ingleborough where different rock types have been eroded to produce a steep drop. They may identify another series of caves at White Scar and in the wide glacial valley of Kingsdale where Yorda’s Cave was a favourite haunt of Victorian visitors.

This exercise could be extended by visiting 

http://www.multimap.com/multimap
Type in Malham, print the map and then click on aerial photographs to download and print and aerial photograph of the Malham area.  These could form the basis of the student project, students identifying and labelling limestone features, or could supplement information given on their hand drawn map. 

Homework: In planning a limestone quarry restoration scheme a quarrying company wants to leave the area as natural as possible. Write a brief report to the quarry company explaining which features they should plan to include, tell the company why these features are important.

