Lesson One

Where do igneous rocks come from?

The word igneous comes from the Latin ignis, which means fire.  The term igneous describes rock formed from magma, melted rock that forms in the mantle and to a much lesser degree within the crust itself.  There are two categories of igneous rock, intrusive rock formed within the Earth’s crust and extrusive rock formed at the surface of the Earth.  People have always associated volcanic eruptions with fire and brimstone, death and destruction.  This is still true when volcanoes erupt violently and without warning but igneous rock, which has formed within the Earth, provides us with a hard, resistant rock, which is used by all sectors of the construction industry.

Students should know that:

· The Earth is made up of different layers; the crust is the thin, cold and brittle solid layer that we live on.  This sits on the mantle; the core of the Earth is divided in to two sections, the outer and the inner core.  The outer core is liquid, the inner core solid.  

Students will be introduced to the formation of intrusive and extrusive igneous rocks through a series of images downloaded from the Internet for use on an Interactive Whiteboard or for use as a Powerpoint display.

Extrusive igneous rocks

The 1980 eruption of Mt St Helens will be used as the main example of extrusive volcanic processes.  Lava flows on Hawaii will be used to show the variations in viscosity and therefore flow and type of eruption.  Images of granites both as hand specimens and as physical features on Dartmoor will be used to illustrate intrusive processes.  

Go to http://vulcan.wr.usgs.gov/volcanoes/MSH/Images/MSH80/framework.html
Select an image from the section: Prior to the 1980 eruption.

Then select the following 7 images from the section showing the impact of the eruption.  There are brief notes alongside each thumbnail image.

· Devastation

· Debris avalanche helicopter

· Blast area spirit lake

· Debris avalanche looking downstream

· Volcanic ash with helicopter

· Reid Blackburn car

· Blowdown Smith creek

The 7 images show the eruption and consequence damage to the surrounding area, the image of the helicopter flying into the ash fall gives students some idea of the scale of the eruption and the image of the car virtually buried by ash continues this theme.  

Teacher input

The origins of Mt St Helens can be found 100 to 330 kilometres below the Earth’s surface.  Here in the Earth’s mantle it is so hot rock melts and a thick flowing magma is formed.  Magma is more buoyant than the rock surrounding it and it begins to rise towards the Earth’s surface.  Some of the magma will fill in the spaces between the rock in the Earth’s crust to form large reservoirs of magma. These are known as magma chambers.  Gradually the rising magma will reach the Earth’s surface.  The magma contains gases which until no have been held under pressure in the magma but now as the pressure from above is decreasing the gases begin to expand.  The expanding gases push the magma upwards and it erupts through openings in the Earth’s surface - this is a volcanic eruption.  Once the magma has erupted onto the Earth’s surface it is called lava.  How explosive an eruption is depends on the viscosity of the magma.  If it is thin and runny the gases escape easily, if thick like treacle the gases are trapped in the magma until the pressure of the expanding gas becomes so great that there is a violent explosion.  This explosion throws ash and lava high up into the air.  The eruption of Mt St Helens in 1980 was just such a violent explosion.

If the magna reaching the surface is thin and runny then a different type of volcanic eruption will take place.

Go to 

http://vulcan.wr.usgs.gov/Imgs/Jpg/Hawaii/puu_oo_lava_flow.jpg
and

http://vulcan.wr.usgs.gov/Imgs.Jpg/Hawaii/puu_oo_lava_flows2.jpg
for images of slow gentle eruptions and pahoehoe flows.  Pahoehoe lava flows smoothly looking like coiled rope, the Hawaiian word pahoehoe means rope like.

Go to

http://seis.natsci.csulb.edu/basicgeo/EXTRUSIVE/volcanic_pahoehoe.jpg
for an image of pahoehoe lava

Go to

Go to 

http://seis.natsci.asulb.edu/basicgeo/EXTRUSIVE/volcanic_a-a.jpg
for an image of another lava flow on Hawaii.  This lava is called aa.  aa lava is formed from a more viscous lava flow, as it cools it forms a rough, sharp and jagged surface. Maybe the name aa reflects what people walking over the lava flow cried out!

http://hvo.wr.usgs.gov/cam/
for a live panorama of Pu’uOo vent , Kilauea Volcano, Hawaii.

The image is updated every 5 minutes and shows pahoehoe flows in front of January vent with small amount of lava to the front of the image.  

Scientists have measured the temperatures of the lava erupting from Kilauea and Mt St Helens to see whether heat has any bearing on the type of eruption.

The lava escaping from Mt St Helens in 1980 had a recorded temperature of between 750 degrees C and 850 degrees C.  The lava erupting today on Kilauea has a recorded temperature of 1, 160 degrees centigrade. 

· Do students think temperature can be related to type of flow and if so why.

Explosive eruptions cause death and destruction as they happen very rapidly and the ash and lava travel as a rolling, billowing cloud away from the vent.  It is not only people in the immediate area who suffer.  In April 1815 Tambora Volcano in Indonesia erupted.  This is the most powerful explosion recorded since records began.  So much ash was thrown high into the atmosphere that it soon circled the Earth.  The dust pollution blocked much of the Sun’s energy from reaching the Earth; we know this as in Europe records show 1816 as “the year without summer”.  There is evidence of crop failure and famine.  

Another famous explosive volcanic event that students will have heard of is the eruption of Vesuvius in AD79, ash and red-hot lava droplets burying the town of Pompeii.  

Not all magma that forms reaches the surface to create extrusive igneous rock.  Some magma will remain in the earth’s crust where it will slowly cool and crystallise.  The igneous rocks that form bodies within the crust are known as intrusive igneous rocks.  

Go to

http://geologyonline.museum.state.il.us/geogallery/record_basic.php?table=rocks&catalog_number=304990
This is an image of granite, and intrusive igneous rock.  Use the zoom to look at the minerals in the rock.  The minerals are pink feldspars, glassy quartz and silvery mica.

Got to 

http://geologyonline.museum.state.il.us/geogallery/media/images/large/304990.jpg
for an expanded image of the rock.  

· Ask students to comment on the size of the crystals.  Why do they think the crystals are large?  

· Magma contains the building blocks for minerals, which begin to grow out of the hot fluid when the temperature is right.  The temperature at which a particular mineral crystal will begin to grow is called its freezing point.  Use the analogue of water turning into ice as the temperature drops to illustrate how a liquid becomes solid.  When magma erupts at the Earth’s surface cooling will be rapid, heat is lost to the air or to water and to the rock over which the lava is flowing.  That means the mineral crystals will grow rapidly and will be small.  Most mineral crystals in extrusive igneous rock are too small to be seen by the naked eye.  This is not the case when magma cools in the Earth; heat loss is slow and so mineral crystals have time to grow large.  Intrusive igneous rocks have crystals large enough to be identified by eye.

Go to

http://geologyonline.museum.state.il.us/geogallery/media/images/large/304244.jpg
This is muscovite mica, the mineral that looked silvery in the image of the hand specimen.  It is a platy mineral, which is easily split into thin layers.  

Go to 

http://geologyonline.museum.state.il.us/geogallery/record_basic.php?table=minerals&catalog_number=304244
for the opportunity to zoom in and look closely at the mineral.  Mica will be used to help explain the breakdown of minerals during transport so it is worth spending a few minutes now helping students to appreciate the properties of the mineral.

Another of the common minerals in igneous rocks, quartz, can be viewed by going to 

http://geologyonline.museum.state.il.us/geogallery/media/images/large/306783.jpg
Granites often form extremely large formations; much of Devon and Cornwall for example is granite. The rock, which formed in the Earth has been forced up to the surface, by looking at these rock structures geologists are able to learn about the igneous processes taking place in the Earth.

Go to 

http://www.richkni.co.uk/dartmoor/pix/mister/mister.jpg
Excellent image of Great Mis Tor (grid reference SX563770)

http://www.nchi.co.uk/dartmoor/pix/ugbo/DCP_5850.JPG
Image of Hangershell Rock (grid reference SX655594)

· These images will be used again in the lesson plan for weathering processes.

Not all intrusive emplacements are so large, sometimes the magma cuts through existing rock to form small intrusions.

This is an image of a dyke

http://seis.natsci.csulb.edu/basicgeo/GABBRO/labelled_mafic_dike.jpg
be ready for the howls of laughter over the hat!

Not all intrusive rocks look the same colour, each magma is different and so the minerals that grow from it will be different.  We have looked at images of granites containing pink minerals but here is an image of Cornish granite.  The size of the crystals tells us the rock is intrusive and the colour of the rock tells us it is granite but there are no pink crystals to be seen.  The “ingredients” needed to make the mineral pink feldspar weren’t available.

Go to

http://seis.natsci.csulb.edu/basicgeo/INTRUSIVE/Granite_handspec_phanerit.jpg
The chemical composition of magma, the minerals that make up the rock also influence the texture of the rock.  Rock which is high in silica minerals i.e. quartz (65% +) are light coloured.  These are the granites that form the bulk of intrusive igneous rocks.  Those that are low in silica (45/55%) are dark coloured, basalt the rock which forms on the ocean floor is an example of this.

· Ask students where they think they have seen examples of igneous rocks low in silica in the images viewed.  The Hawaiian lavas were dark in colour. What properties did these lavas have?  They flowed easily – so what deductions can students draw about the relationship between silica % and viscosity?

Complete the slide show by reloading a few images which enable you to recap, ask questions, and reinforce students understanding of the processes involved in the formation of intrusive and extrusive igneous rock.

The images can also be printed to use as handouts or as a display.

· Session could end in a messy way if students create their own volcanic eruption.

· In a test tube place half a teaspoonful of bicarbonate of soda

· In a separate container add 2 drops of red or orange food colouring to 3 teaspoonfuls of malt vinegar

· Quickly tip the vinegar mixture onto the bicarbonate of soda and stand back!  

· The eruption should be fairly slow as this sort of mixture produces a thick viscous “magma” similar to that erupted from Mt St Helen’s.  The Earth Science Teachers Association will provide you will details for a much more explosive experiment should you wish!

The chemical reaction that takes place between the vinegar and the bicarbonate creates carbon dioxide a gas present in many volcanic eruptions.

Homework

Visit the web site 

www.nhm.ac.uk/kids-only/fun-games/volcano/build-a-volcano.html
This is an animated site.  Wait until the site has fully loaded before you start.  Create as many volcanoes as you can using the choices available.  Draw a series of diagrams to show how each volcano is formed.  What difference does the amount of water in the magma make to the type of eruption?  Why do you think this is?

· Students should be able to mix and match to create a Strato, Cinder Cone, Plug Dome and Shield volcano.   It is important they wait till the site is fully loaded or the animation sequence showing the build up of the volcano will be missed.

