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Investigating geological processes

Suitable for: 11–16 years

Curriculum and learning links:

Rock cycle, igneous rocks, heating and cooling

Learning objectives:
• State that rapid heating and cooling can cause shattering and describe how this can  

weather rocks.
• State and explain the link between rate of cooling of an igneous rock and the size of    

the crystals made.

© BBC

Activities:
Opening activity

• Ask students if they recall the disruption to air travel that occurred in April and May 
2010 due to the eruption of a volcano in Iceland. 

• Watch Clip  37  to see what happened when the Bang team went to investigate.

Development activities

Investigating Cooling Rate and Crystal Size

• Watch Clip  38  in which Liz explains how the volcano produced very fine silica-based ash. 
• Using one of the Investigating the Link Between Cooling Rate and Crystal Size worksheets, 

ask students to investigate how the speed of cooling affects crystals. They can either use 
molten salol on microscope slides or partially dissolve and re-crystallise lead iodide.

Shattering: Effect of rapid heating and cooling 

• Ask students to suggest some reasons why aircraft were forbidden from flying through the 
ash cloud.

• Watch Clip  39  in which Jem demonstrates what might happen if the fine silica ash was 
heated in a jet engine and then cooled quickly. 

• Demonstrate to students that rapid expansion and contraction can cause shattering in 
glass by heating a dry test tube in a Bunsen flame and then plunging it into a trough of 
cold water behind a safety screen. 

• Link this to frost shattering as a type of weathering.
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Investigating geological processes

Want to explore further?

Health and safety
• Normal laboratory guidelines apply for all activities (including eye protection).

• The teacher should wear eye protection and protective gloves during the frost shattering 

demonstration. 
• Lead iodide is toxic. It is recommended that the teacher distributes tiny amounts of lead iodide 

into the students’ boiling tubes to prevent excessive use.

• Pregnant women should not be exposed to lead compounds. 

• There is a significant risk of ‘bumping’ (aggressive boiling) when heating lead iodide and water 

in a boiling tube. Students should be briefed on how to anticipate this and remove the boiling 

tube from the heat for several seconds. Anti-bumping granules could be added to reduce 

this risk. 
• Salol (phenyl salicylate) is an irritant and dangerous for the environment. Salol melts at 42oC 

and, if heated in boiling water, there is a risk that an irritating vapour will be released.

• It is the responsibility of the teacher to ensure that an adequate risk assessment has 

been completed.

Technician’s notes
• The quantity of lead iodide needed in each boiling tube is tiny. 

A micro-spatula might be more appropriate for the teacher to use when 
dispensing, rather than a standard school spatula.

• Provide students with samples or photographs of different igneous rocks with 
measureable crystal sizes (see page 78) and ask them to suggest the rate of cooling 
that occurred in each one.

• Why might some rocks cool quickly and some slowly? Link this to intrusive and 
extrusive rocks.

Reflect and review
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• Students could be encouraged to research and write a scientific news report on 
the controversy surrounding the decision to close British airspace due to the 
volcanic ash cloud.

• Show Clip  40  on how ash can affect aircraft instrumentation.

You will need
• Clip  37  (4’04”)
• Clip  38  (2’08”)
• Clip  39  (4’21”)
• Clip  40  (0’44”)
• Investigating the Link 

Between Cooling Rate 
and Crystal Size 
worksheets

• Crystals in Rocks 
worksheet

• Test tube
• Trough of cold water
• Safety screen
• Ice cubes
• Kettle
• Samples of Salol
• Microscope slides
• Lead iodide
• Igneous rock samples

• Tongs
• Paper towels
• Boiling tubes
• Beakers
• Heatproof mats
• Bunsen burners
• Test tube holders
• Tap water
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Hazard information

• Salol (phenyl salicylate) is an irritant and is dangerous for the environment. 

• You must wear eye protection throughout this experiment. 

• The salol must not be heated in boiling water, only in a water bath no hotter than 60oC.

© BBC

What to do
1. Place the test tube containing the salol into a beaker filled 

with hot water from a kettle.
2. Add two clean microscope slides to the same hot water bath.
3. Place two clean microscope slides into a beaker containing 

water and ice cubes.
4. Leave the salol for a few minutes until it has melted.
5. Remove all four slides from the beakers and quickly dry them 

using a paper towel.
6. Quickly pour a small amount of salol onto one of the cold, 

dry slides and place the other cold slide on top. Gently 
squeeze them together, being careful to avoid them breaking.

7. Quickly pour a small amount of salol onto one of the hot, 
dry slides and place the other hot slide on top. Gently 
squeeze them together, being careful to avoid them breaking.

8. After a few minutes, crystals will start to form that are easily 
visible to the naked eye.

What can you conclude about
how the rate of cooling affects
crystal size in igneous rocks?

What can you observe
about the size of the
crystals on the two slides?

What you need

• Two 100cm3 beakers
• Four microscope slides
• Hot water from a kettle        
• Ice cubes

• Cold water
• Paper towel
• Test tube containing some salol 
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Hazard information
• Lead iodide is toxic and dangerous for the environment. 

• You must wear eye protection throughout this experiment. 

• Your teacher will show you how to avoid the mixture in the boiling tube boiling over 

during heating. 
• Always point the boiling tube away from yourself and other people when heating.

• Lead compounds should not be handled by pregnant women.

1. Collect two boiling tubes and two 250cm3 beakers to act as 
water baths.

2. Set up one beaker as an iced water bath containing an  
empty boiling tube. Leave the other beaker empty so that it can 
become your hot water bath later on.

3. Fill the second boiling tube one-third full with water. Ask your 
teacher to add a very small amount of lead iodide. You don’t 
need much because it is not very soluble in water.

4. Heat the second boiling tube carefully, quite high over a 
Bunsen flame, perhaps at half gas. When you feel (not see!) 
the liquid start to boil, remove it from the heat for several 
seconds until it cools down. If you see large bubbles forming in 
the boiling tube, remove it immediately due to the risk of it 
boiling over.

5. After you have heated the liquid for a few minutes to dissolve 
some of the lead iodide, quickly pour half of the liquid into the 
cold boiling tube in the ice bath. Fill the other beaker with hot 
water from a kettle and place the hot boiling tube into it.

6. Observe the size of the crystals formed in each boiling tube. It 
can be hard to distinguish between them by eye, but remember 
that the larger and heavier the crystals are, the more likely they 
are to settle out. Smaller, lighter crystals are more likely to 
remain suspended by the random motion of the water 
molecules.

7. Ask your teacher to tell you how to dispose of the lead iodide.

What to do
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• Two boiling tubes
• Two 250cm3 beakers 
• Lead iodide
• Ice cubes 
• Test tube holder 

• Bunsen burner 
• Heatproof mat
• Cold water
• Boiling water from a kettle
• Tongs

You will need
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Crystals in Rocks
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Below are six images showing the varying sizes of
crystals formed in different kinds of rocks.
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