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If you were to drive these 

distances at 100kmh (60mph) 

it would take you about 5 

minutes to drive through the 

thinnest parts of the crust.  It 

would take you 63 hours to 

reach the centre. 

Even though we only walk on 

the very thin skin of our 

planet, we know  quite a lot 

about its internal layering.  To 

get an idea of just how thin the 

crust really is, try making a 

scale picture of the earth using 

the numbers in the table below 

(try 100km = 1cm). 

Thinking Point 

Question: Why is the crust thinner under the oceans (around 5km thick) than 

under mountain belts like the Himalaya ( around 60km)? 

Clue: Mountain building and folding.  

Layer Top (km)  Bottom (km) Thickness 

(km) 

Crust  0 (Surface) 5-60 Variable 

Upper Mantle 100 660 560 

Lower  Mantle 660 2,900 2,885 

Outer  Core 2,900 5,155 2,255 

Inner  Core 5,155 Centre 1,216 



Hidden Riches? 

We can’t visit the mantle or the core, so how do we know about 

them?  One way is to study the composition of meteorites.  Some 

meteorites have come from asteroids floating around in space 

since the formation of the solar system and form the building 

blocks of the rocky planets.  In other words, studying rocks from 

space can tell us about the centre of our planet! 
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Courtesy of NHM. 

When scientists first realised that the earth had a 

dense core and did some calculations, it looked 

like the core might be made of gold!  Sadly we 

have now worked out that it is more likely to be 

an iron-alloy. 

Some volcanoes bring up diamonds and unusual rocks 

which form at high pressures. 

The Earth’s surface does not rise and fall like 

tides in the sea. 
The mantle is a mostly solid material, 

not a liquid sea of molten rock. 

Seismic waves from earthquakes change speeds at 

different depths in the earth. 
The Earth has several layers with 

different compositions and properties. 

The density of surface rocks like granite and basalt is 

2.2-2.5 g/cm3 but the density of the whole earth is 

about 5.52 g/cm3. 

The centre must be made of a much 

denser material than the surface rocks. 

Some seismic waves cannot travel through liquids.  These do not 

pass through the outer core. 

The outer core is a liquid. 

Scientists can do experiments to find out which minerals can 

exist at really high pressure and which ones might melt to 

form magma. 

Mix up the statements below and get pupils to match the yellow facts and ideas 

with the pink suggestions. 

The mantle might be composed of 

diamonds, unusual rocks and minerals 

which form at high pressures. 
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Although plate tectonics underlies most ideas in Geology 

today, even 40 years ago it was not fully accepted.  Many 

influential characters have contributed to the theory as we 

know it today.  Use the timeline overleaf to come up with a 

creative way of explaining how the theory came into being.  

Perhaps a script for a play or an interactive poster?! 

Cast  List: 

 James Hutton 

 Alfred Wegener 

 Arthur Holmes 

 Marie Tharp 

 Harry Hess 

 Fred vine  

 Drum Matthews 



 

James Hutton argues that there is 
a 'heat engine' in the Earth which 

forms new rock. 

Aristotle & other philosophers realise 
that the Earth is round, not flat, based 

on a curved horizon. 

 

 

 

Eratosthenes calculates the circumference 
of the world using a well, a tower, some 

shadows and clever maths.  

257 - 194 B.C.  

Columbus plans to circumnavigate 
the world...and hits America. 

1492 

Ferdinand Magellan circumnavigates the 
world and the globe is born!  As maps of 

the Atlantic coastline appear, people notice 
that the coastlines of many continents 

seem to fit together... 

1520 

Nevil Maskelyne works out 
the weight of planet Earth. 

1776 

1785 

Alfred Wegener suggests that the 
continents move around and were once 

joined to form the supercontinent 
'Pangaea'.  He presents plenty of 

evidence for the join but cannot explain 
how the continents move, so his ideas 

are mostly rejected. 

1912 

Arthur Holmes surmises that 
radioactive decay in the mantle makes 
convection currents which could drive 

continental drift. 

1927 Pangaea 

Maire Tharp and others map the sea-
floor and discover ocean ridges and 

trenches. 

1940 -50 

Geologists reconstruct the position of the 
magnetic pole throughout history on 

different continents based on magnetic 
minerals in rocks.  The positions indicate 

that the continents must have moved. 

1950s 

Harry Hess proposes that new crust is 
made at ocean ridges and old crust is 

consumed at ocean trenches.  Evidence of 
magnetic reversals from Fred Vine and 
Drum Matthews, plus dating of ocean 

crust add together to support this.  

1960s 

The 'Theory of Plate Tectonics' is widely accepted by geologists worldwide and becomes as 
much a cornerstone of the subject as evolution is for biology. 

1970 onwards 



                 

 Some evidence for continental drift comes from ancient magnetic fields 

preserved in rock.  In magma, certain magnetic minerals align themselves with 

the Earth’s magnetic field.  Once the magma cools beyond a certain point, the 

minerals can no longer move and the field is ’locked’ into the rock.   Geologists 

can use this to trace the relative direction of the poles throughout time. 

Use this experiment to demonstrate how magnetic minerals are 

’locked’ into the Earth’s magnetic field. 

You will need: 

 1 pack of Jelly (raspberry flavour looks more 

like magma!) 

 A pot of iron filings 

 Strong magnets (e.g. ‘Powerbuzz’ Magnets, 

£4.00 for two from Hawkin’s Bazaar). 

 A couple of plastic pots (e.g. old ice-cream tubs) 

 Access to a kettle and a fridge. 

 

Make the jelly as per the instructions and pour into the 

plastic tubs.  Divide the iron filings roughly between the tubs 

and add to the jelly.  Hold the magnets underneath the tubs 

and get pupils to observe that they can move the iron filings 

around within the jelly. 

Place the tubs in the fridge, with the magnets balanced 

underneath.  Leave to cool overnight then remove the jelly 

and magnets.  You should find that the iron filings are now 

stuck into the solid jelly and can no longer be moved around the tub 

by the magnets.  This is just like magnetic minerals in a igneous rock!  

Close-up 

Locked in the Rocks 

 Jelly-magma and magnetic minerals 
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But what effect would this 

have on the planet and on 

us?  The field protects us 

from harmful radiation and 

we think that some animals 

use it to navigate.  Get your 

pupils to research the 

possible outcomes and 

present them in a 

newsroom style.   

Shocking News 

Magnetic Field Flips: World in Chaos! 

According to the magnetic 

signatures in rocks, the 

Earth’s magnetic field flips 

so that North becomes 

South and vice versa.  It 

seems to have happened 

roughly every half a million 

years or so.  Judging by the 

last flip, this could happen 

any time in the next few 

thousand years!   

Task different groups 

with either a worst-

case scenario 

presented with over-

the-top drama or a 

more scientific, 

serious version.  Then 

get the class to vote 

for their favourite. 

12th October, sometime in the future 

Question: How is the Earth’s magnetic field generated?     Clue: The outer core.  
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As the new crust is created at the ridges, the 

magnetic minerals align with the Earth’s 

magnetic field.  This gives a pattern  of stripes 

(see below) as the magnetic field flips.  In reality 

the pattern is rather irregular (top right) as the 

magma often comes out in pulses. 

Thinking Point 
The North Atlantic is 

spreading at a rate of 
about 2cm per year.  That means in the average lifetime (82 years), America will have got further away from Europe 

by 1.64m! 

Source: http://www.moorlandschool.co.uk/earth/magnetism.htm 
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 In the early 19th Century,  Geologists were arguing fiercely about some rocks in the NW 

Highlands.  Unusually, they had found a series of older rocks placed on top of younger rocks.   

In 1907 a team of Geologists led by Ben Peach and John Horne solved the issue.  The rocks 

had been squeezed horizontally, forcing layers of rock on top of others by ‘low angle thrust 

faults’.  These faults are found in mountain-belts all over the world and we now know it is an 

important way of thickening the crust. 

Building Mountains Building Mountains 

Henry Cadell, a colleague of Peach and 

Horne built a ‘squeezebox’ to 

demonstrate thrust faults.  He used 

sand, mud and plaster and made 

detailed sketches of each experiment.  

Have a go at  our version overleaf, using 

household ingredients! 

Th
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Question: What force is capable of squeezing whole areas of rock horizontally? 

Clue: Drifting continents.  

‘Thrust belt zones’ are found 

all over the world.  The 

youngest mountain range like 

this is the Himalaya.  Task your 

pupils with finding some older 

ones.  You may be surprised 

where the Scottish mountains 

used to be connected to!  

Mountain spotting! 

? 

? 
? 

? 

The Dream Team! 

Cadell’s squeezebox 



www.dynamicearth.co.uk/education 

 

 Faulting Flour 

Use this experiment to demonstrate how horizontal squeezing of rock layers can 

stack older layers on top of younger ones.  The slices of flour & cocoa which 

appear move along breaks known as ‘low angle thrust-faults’.   This is an important 

process in building mountains, thickening the crust in areas where continents 

collide. 

You will need: 

 A large, clear Tupperware box 

 A small bag of flour 

 A pot of drinking chocolate/cocoa 

powder 

 A spatula or thick cardboard to push 

the layers with. 

 

Form  a 2cm thick layer of flour in the base of the box and flatten down. 

Cover with a layer of cocoa powder.  Repeat until you have at least a couple of 

layers of each (depending on the depth of your box). 

Ask your pupils which layer was made first, to highlight that in typical rock 

sequences, the oldest rocks are at the bottom. 

Use the spatula/card to squash the layers sideways and observe the faults (and 

sometimes folds) which appear. 

Point out the increase in height of the layers and the fact that ‘older layers’ are 

now on top of ‘younger ones’. 

Before 

Low angle 

thrust-fault 

developing 

Folding of 

layers behind 

the fault. 
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Creative vs. Logical 

Ben Peach's section through the 
Moine Thrust Belt at Kempie, 

Loch Eriboll.  
Courtesy of the BGS.  

Maria Mitchell – US 

Astronomer and educator  

“We especially need 
imagination in science. It is 
not all mathematics, nor all 

logic, but it is somewhat 
beauty and poetry.” 

Experiment Away! 
 

Science relies on creative thinking to come up new ideas for testing. Whether they are 

proved right or wrong ultimately they lead to a better understanding of our world. 

 

Use the scientific method with your pupils to creatively explore some of the questions 

they have about the world around them. This could range from the obvious ‘What do 

plants need to grow?’ to the more obscure ‘How much air does it take to pop a 

banana?’.  

 

Working in groups pupils need to decide on a research question, come up with some 

predictions of what might happen and then design and carry out an experiment to 

test these. A great way to display the conclusions of their investigations is for each 

group to create a poster showing their scientific journey.  

 

The fantastic thing about this challenge is that it doesn’t matter whether the pupils 

initial predictions were wrong or right the important thing is the process and having the 

ideas in the first place! 

Ben Peach was great at coming up with imaginative solutions, while John Horne 

was very logical and careful.  Together, they made an excellent team.  Try and get 

your class to come up with other examples of where creativeness and science 

combine—great ideas need imagination! 



FURTHER INFO 

This pack has been made possible through 
funding from the Heritage Lottery.   

 The Tour: Through funding from Heritage 
Lottery, we celebrate one of the most influential 
Scottish thinkers of all time. James Hutton, the 
father of modern geology is brought to life in a 
£1million redevelopment to the beginning to the 
tour.  Experience cutting edge technology and 
state of the art interactive displays before being 
transported hundreds of millions of years back 
through ‘deep time’ to the very beginning of our 
planet in our brand new ‘Time Machine’ 

Continuing your journey, you will fly across 
glaciers, feel the Earth move beneath your feet 
and experience the chill of polar ice. – All this 
before embarking on a 4DVENTURE across the 
globe and crash landing in a tropical rainforest. 

Throughout the year you will also witness 

spectacular 360 degree films in our ShowDome, 

the only one of it’s kind in Scotland. It’s the 

Mother Earth of all adventures. 

Outdoor Learning:  Discover the amazing and 

violent geological history of Scotland as told in 

the rocks of Arthur’s Seat with engaging tours 

led by our experienced education team.  

This resource was developed in line with Social studies > People, place 

and environment. 

..for the Earth’s Magnetic Field 

http://www.physics.org/facts/frog-

magnetic-field.asp 

 

… for Cadell’s Squeezebox 

http://www.see.leeds.ac.uk/structure/

assyntgeology/cadell/index.htm 

 

...Drifting continents 

http://www.hhmi.org/biointeractive/

earthviewer  

(A fantastic free ‘app’ for i-pads) 

 

http://pubs.usgs.gov/of/1999/ofr-99-0132/ 

(Make a shoe-box model of moving plates) 

 

http://www.physicalgeography.net/

fundamentals/10k.html  

(For a map of the World’s Mountain belts. 

Restless Earth Supervolcano Workshop 

(S1 - S3):  

Follow the clues to unravel the theory of plate
-tectonics, creating earthquakes and 
volcanoes along the way. Work in teams to 
investigate a super-volcano and find out if you 
would survive the blast. 


