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Structure and appearance
The structure of the Earth
The Earth has a structure composed of layers, as shown in Figure 4.1.

Crust

Mantle

Molten iron
outer core

Solid
iron core

Figure 4.1 The layers that make up the Earth.

●● The inner core is the hottest part of the Earth, with a temperature of 
up to 5500°C. It is mostly iron, with some nickel.

●● The outer core is a liquid layer, also made up of iron and nickel, with 
temperatures almost as high as the inner core.

●● The mantle is the thickest layer of the Earth, consisting of semi-molten 
rock (more solid in the outer areas, more molten towards the centre).

●● The crust is a thin layer of solid rock. Its actual thickness varies in 
different places, but it is up to 60 to 70 km thick. This compares to the 
mantle, which is about 2900 km thick.

Earth’s changing appearance
Over the billions of years of its existence, the Earth has slowly but 
constantly changed its appearance. 200 million years ago, the land masses 
on Earth were all grouped together in one block, which scientists now 
call Pangaea. The continents can move across the surface of the planet.

Scientists now know that the surface of the Earth, or lithosphere, is 
made up of seven large plates and some smaller ones, about 70 km 
thick, which move a few centimetres per year. This movement is called 
continental drift.

The idea of continental drift was put forward by Alfred Wegener (1880–
1930). He noticed that the continents of the Earth roughly fit together 
like a jigsaw. The coastlines of western Africa and eastern South America 
are a particularly good fit (see Figure 4.2). To explain this, some people 
had suggested that the continents may have moved, but there was no clear 
evidence for this apart from the ‘ jigsaw fit’. Alfred Wegener looked for 
evidence of continental drift, and found some:
●● Rock formations on both sides of the Atlantic Ocean are exactly the same.
●● Similar or identical animal and plant fossils are found in areas now 
separated by wide oceans.

4 The ever-changing Earth
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●● Certain fossils seem to be in the ‘wrong place’, e.g. fossil remains of 
semi-tropical species in northern Norway.

AFRICA

ARABIA

SOUTH
AMERICA

ANTARCTICA

AUSTRALIA

NEW
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INDIA

Figure 4.2 The continent ‘jigsaw’. This group of continents is known as 
‘Gondwana’. The original land mass of Pangaea is thought to have split 
into two, Laurasia and Gondwana.

However, there was a weakness in Wegener’s theory of continental 
drift. There was no known mechanism by which continents could 
plough their way through the Earth’s crust without leaving any sort of 
‘trail’. Wegener’s model was not accepted at the time, but new evidence 
gradually emerged and Wegener’s theory has now been developed into 
the current theory of continental drift.

Plate tectonics and continental drift
New evidence that the continents could move across the surface of the 
Earth was found.
●● Studies of the ocean f loor found large mountain ranges and canyons. If 
the ocean f loor was ancient it should have been smooth, because of all 
the sediment coming into it from rivers.

●● In 1960, core samples taken from the f loor of the Atlantic Ocean 
were analysed and dated. This showed that rock in the middle of 
the Atlantic was considerably younger than that from the eastern or 
western edges.

●● No ocean f loor was found to be older than about 175 million years, yet 
rocks on land had been found that were several billion years old.

●● Rocks retain a record of the magnetic field of the Earth, which 
changes from time to time. Analysis of these magnetic records showed 
that Britain had spun round and moved north in the past, and that the 
patterns exactly matched those from North America.

It became clear that new ocean f loor was forming all the time and 
spreading outwards, and in places near the borders of the continents it was 
sinking back into the crust. The Earth’s crust was shown to be ‘mobile’.

In the 1960s the idea of continental drift became generally accepted, and 
the theory was renamed plate tectonics.

The Earth’s crust consists of solid plates, which fit together, with molten 
or semi-molten magma underneath. These plates can move independently 
of one another. Where two plates join, there can be three types of 
movement:
●● The plates can collide at convergent boundaries. This ‘crumples’ 
the edges of the plates, forming mountain ranges. One plate may slide 
under the other. Magma is released and volcanoes can occur.
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●● The plates can move apart at divergent boundaries – molten rock 
(magma) below the surface is released. If this happens under pressure, 
this is a volcanic eruption.

●● The plates can slide past one another at conservative boundaries, 
neither moving towards nor away from each other.

These movements are shown in Figure 4.3. Any movement of plates can 
lead to earthquakes. Plate movement causes a build-up of huge quantities 
of energy in the rock. When the energy is released, vibrations occur 
that travel through the rock, causing earthquakes of varying severity 
depending on the amount of energy built up.

Convergent boundary

Conservative boundary

Divergent boundary

Figure 4.3 Types of plate movement.

Now test yourself
1  What is the Earth’s mantle made up of?
2  What was the major weakness of Alfred Wegener’s theory of continental drift when he first proposed it?
3  What is the name of the theory which developed from Wegener’s continental drift theory?
4  What name is given to a plate boundary where the plates collide?
5  What is the action of plates at a conservative boundary?

Answers on p. 118

Earth’s atmosphere
Evolution of the atmosphere
The original atmosphere of Earth was composed mainly of hydrogen 
and helium, but these low-density gases soon escaped Earth’s gravity and 
drifted into space.

At this time, the Earth was young and was still cooling after its 
formation. There were large numbers of volcanoes on the surface, 
constantly erupting. The eruptions expelled a mixture of gases, 
including water vapour, carbon dioxide and ammonia. These 
gases built up in the atmosphere and the carbon dioxide dissolved in 
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the early oceans, which were formed by the water vapour cooling and 
condensing, and from the ice contained in the millions of comets that 
were hitting Earth.

Eventually, simple plant life evolved in the oceans that could use the 
carbon dioxide and sunlight to make food by photosynthesis. Oxygen was 
released as a waste product, and so was added to the atmosphere. Oxygen 
allowed animal life to evolve, as the animals needed it for respiration.

The poisonous ammonia that was released from the volcanoes 
decomposed in sunlight to form nitrogen and hydrogen. The hydrogen 
escaped the atmosphere, but nitrogen remained, creating the atmosphere 
as it is today.

Some of the gases in the air can be extracted and used. These include 
nitrogen, oxygen, neon and argon (Table 4.1).

Table 4.1 Composition of the atmosphere today. The atmosphere also 
contains water vapour, but the amount varies.

Gas
Quantity in dry air, 
expressed in volumes

Nitrogen (N2) 78.1%

Oxygen (O2) 20.9%

Argon (Ar) 0.9%

Carbon dioxide (CO2) 0.035%

Others:

Neon (Ne)

Helium (He)

Krypton (Kr)

Hydrogen (H2)

Ozone (O3)

Radon (Rn)

0.065%

Maintaining the atmosphere
There is concern at the moment that the level of carbon dioxide in 
the atmosphere is going up. This is a concern because it is new – the 
proportions of the gases have remained constant for millions of years. 
This is despite living organisms using and producing both oxygen 
and carbon dioxide. In the past, the processes using oxygen have been 
balanced by those producing it, and the same has applied to carbon 
dioxide. Oxygen production and use is still balanced, but carbon dioxide 
production is now exceeding use.

Oxygen
Nearly all living things use oxygen to obtain energy from respiration. 
Oxygen is produced by plants during photosynthesis and, because they 
produce more than they need for their own respiration, they add it back 
to the atmosphere. In terms of oxygen, respiration and photosynthesis 
balance each other (Figure 4.4).
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Plants and animals Plants only

Respiration Photosynthesis

=

Oxygen in the atmosphere 20.9%

Figure 4.4 The balance of oxygen use and production.

Carbon dioxide
The carbon cycle is summarised in Figure 4.5. Under certain conditions 
the dead bodies of plants and animals become fossilised rather than 
decaying, and the carbon in their bodies remains fixed inside them 
rather than being released back into the atmosphere as carbon dioxide. 
In this way, fossil fuels (oil, coal and natural gas) have stored carbon for 
millions of years. In the last 150 years, the discovery of oil and natural 
gas and the huge growth of industry has seen an enormous increase in the 
burning of fuels, and carbon that has taken millions of years to build up 
in the Earth has been released rapidly into the atmosphere in the form of 
carbon dioxide. This combustion (burning) of fossil fuels has disturbed 
the balance that existed before and the level of carbon dioxide in the 
atmosphere has increased instead of remaining constant. This change is 
thought to have caused changes in the Earth’s climate.

Coal and oil Soil bacteria

Manufacturing
Plants

Combustion
Photosynthesis

Carbon dioxide
in the atmosphere

Feeding

Animals

Respiration

Respiration

Decay

Decay

Figure 4.5 The carbon cycle.
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Acid rain
The burning of fossil fuels is a major cause of acid rain. Sulfur dioxide 
and nitrous oxides (produced by burning fossil fuels) are acidic gases that 
react with water to form acids.

oxides of nitrogen + water → nitric acid

sulfur dioxide + water → sulfuric acid

These gases dissolve in the water vapour in the atmosphere and condense 
into clouds, which then produce acid rain. The acid rain can kill wildlife, 
with fish and conifer trees being particularly affected. The acid rain also 
causes damage to limestone buildings because acids react with limestone, 
causing it to dissolve in water.

To reduce acid rain, we need to reduce fossil fuel use and fit devices 
known as ‘scrubbers’ to factory chimneys. These remove sulfur and nitrous 
oxides from the waste gases. More details are given in the next section.

Now test yourself
 6  Which two gases made up most of Earth’s original atmosphere?
 7  How did the activity of volcanoes play a part in the formation of the first oceans?
 8  What was the cause of oxygen first appearing in the atmosphere?
 9  How do animals get the carbon necessary to build their bodies?
10  Which gases are the main cause of acid rain?

Answers on p. 118

Earth’s atmosphere 2
Managing change in the atmosphere
Global warming could have grave consequences for the Earth and its 
inhabitants.
●● It may lead to more extreme (and dangerous) weather.
●● Melting of the ice caps would cause rising sea levels and f looding of 
large areas of land.

●● Climate change could cause the destruction of habitats.

In order to reduce the problems of increasing carbon dioxide levels in the 
atmosphere, certain measures can be taken.

Reducing the use of fossil fuels
Measures can be taken by governments, industry and individuals to 
reduce the burning of fossil fuels. These include:
●● Use of nuclear and renewable power rather than power provided by 
burning coal, oil and gas.

●● Recycling or reusing materials as much as possible, so that less fossil 
fuels are used to make replacements.

●● Developing and using more fuel-efficient vehicles.
●● Reducing energy consumption in the home by various means (e.g. insulating 
homes efficiently, lowering central heating temperatures by a degree or two, 
using low-energy light bulbs, not leaving televisions and game consoles on 
standby, using and regularly servicing fuel-efficient boilers, etc.).

●● Using means of mass transportation (i.e. trains and buses) rather than 
personal vehicles, or sharing cars where possible.
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Boosting the natural removal of carbon dioxide
Plants remove carbon dioxide from the atmosphere. The huge areas of 
forest being destroyed for commercial reasons and to clear land for farms 
or habitation means that the Earth is losing a lot of its capacity to absorb 
carbon dioxide from the atmosphere. Measures that can help here include:
●● drastically reducing deforestation
●● re-forestation, i.e. planting trees in large numbers.

Cleaning fuel emissions
It is possible to remove some of the harmful gases produced by the 
burning of fossil fuels before they enter the atmosphere. At the moment it 
is only practical to do this on a large scale, such as in power plants.

Carbon capture can reduce the carbon dioxide emissions from power 
stations by around 90%. It is a three-step process:
●● capturing the CO

2
 from power plants and other industrial sources

●● transporting it, usually via pipelines, to storage points
●● storing it safely in geological sites such as depleted oil and gas fields.

The most commonly used form of carbon capture is post-combustion 
capture, which involves capturing the carbon dioxide from the gases 
given off by burning. A chemical solvent is used to separate carbon 
dioxide from the waste gases.

There are also techniques being developed for removing the sulfur 
dioxide from the waste gases produced by power stations. Such processes 
are referred to as sulfur scrubbing, and can reduce the levels of sulfur 
dioxide by more than 95%.

Testing for atmospheric gases
Table 4.2 details the tests that you need to know for different 
atmospheric gases.

Table 4.2 Tests for gases.

Gas Tested by Positive result

Oxygen Glowing splint Splint relights

Carbon dioxide Bubble through 
lime water

Lime water goes cloudy

Hydrogen Lighted splint Gas burns with a 
‘squeaky pop’

Now test yourself
11  How could global warming lead to the destruction of habitats?
12  How can recycling help to reduce global warming?
13  How does deforestation contribute to global warming?
14  What is a sulfur scrubber?
15  What is the test for oxygen?

Answers on p. 118
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Summary
●● The Earth has a solid iron core, molten iron 

outer core, a mantle and a crust.
●● The theory of plate tectonics was developed 

from Alfred Wegener’s earlier theory of 
continental drift.

●● At tectonic plate boundaries, plates may slide 
past one another, move towards one another or 
move apart.

●● The formation of the Earth’s first true 
atmosphere occurred when gases, including 
carbon dioxide and water vapour, were 
expelled from volcanoes.

●● The present atmosphere consists of nitrogen, 
oxygen, argon, carbon dioxide and traces of 
other gases.

●● The air is a source of nitrogen, oxygen, neon 
and argon.

●● The composition of the atmosphere has 
changed over geological time.

●● The processes of respiration, combustion and 
photosynthesis maintain the levels of oxygen 
and carbon dioxide in the atmosphere.

●● The emission of carbon dioxide and sulfur 
dioxide into the atmosphere through the 
combustion of fossil fuels causes global 
warming and acid rain.

●● Certain measures can be used to try to 
address the problems of global warming and 
acid rain.

●● Oxygen relights a glowing splint.
●● Carbon dioxide turns lime water cloudy.
●● Hydrogen burns with a squeaky pop.

Exam practice
1  The diagram shows a tectonic plate boundary.

a)  What type of plate boundary is shown?  [1]
b)  Name layer A.  [1]
c)  Name the molten material B.  [1]
d)  Studies have shown that the rock in the middle 

of the Earth’s oceans where plate boundaries are found 
is up to 140 million years ‘younger’ than the rocks at 
the edges of the oceans. Explain how this supports the 
tectonic theory.  [4]

2  Sulfur dioxide is a pollutant in waste gases from power stations. It is a cause of acid rain. The sulfur 
dioxide can be removed by a process known as fl ue gas desulfurisation, in which the sulfur dioxide is 
neutralised by calcium oxide to form calcium sulfate. The equation for the process is shown below.

CaO(s) + SO2(g) → CaSO3(s)

a)  How does the release of sulfur dioxide result in the formation of acid rain?  [3]
b)  Which other gas is a main contributor to the formation of acid rain?  [1]
c)  What is the minimum amount of calcium oxide that would be needed to neutralise 100 g of 

sulfur dioxide?  [3]
   (Relative atomic masses: Ca = 40; S = 32; O = 16.)
d)  State two ways in which acid rain is harmful to the environment.  [2]

 Answers and quick quiz 4 online
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Figure 4.6
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