
Structure of the Earth
The earth is made up of a series of layers. The outer
layer is called the crust. This, itself, is made of 2
different types
• Continental Crust (which is on average 35km thick)
• Oceanic Crust (which is much thinner, between 6-

8km)
The crust and the upper mantle, which makes up the
hard part of the earths surface is known as the
lithosphere. The lithosphere is split into tectonic plates.

Convection Currents
Tectonic plates and not stationary and move around relative
to each other. High temperatures in the earths core cause
convection current and a plume of hot magma rises through
the mantle. The oceanic plate is forced upwards by this and
is torn apart – forming a mid ocean ridge.
Oceanic crust crashes into continental crust, is forced
downwards and creates an ocean trench.
The magma eventually cools near the surface and sinks back
down to the mantle.
Plate movement (as shown above) cause earthquakes and volcanoes. The point where two plates meet is called 
a plate boundary or margin;
• Destructive plate margins are where plates move together.
• Constructive plate margins are where plates move apart.

Plate Boundaries
1. A constructive margin is where two areas of crust move away from each other (powered by the

convection currents underneath). As they move apart volcanoes are formed.
2. A conservative boundary is when two plates move past each other. As with the destructive boundary,

the pressure between the plates often builds and is suddenly released (leading to an earthquake)
3. A destructive margin is where an area of oceanic plate meets continental plate. The oceanic plate is forced

underneath and is drawn back into the mantle (this is know as subduction). As it is forced down pressure
often builds and leads to energy being quickly released (an earthquake)

Volcanic Hotspots
Volcanic hotspots are small areas of the earths crust that has an unusually high amount of
volcanic activity. Although some do occur on plate boundaries many do not (e.g. The Hawaiian
Islands) One suggestion about the way they form is;

1. Intense radioactivity in the
Earths interior creates a large
column of magma (known as a
magma plume)

2. The plume rises, melting and
pushing through the crust above.

3. The plume lies in a fixed position
under the plate – as the plate
move over it, a series of new
volcanoes are created along the
plate.

Large Scale Volcanic Features
Shield Volcano 

(e.g. Mauna Loa, Hawaii). Found 
at constructive plate margins 

and hotspots A circular volcano 
with gently sloping sides

Stratovolcano 
(e.g. Mount Merapi, Indonesia)
Found at destructive plate 

margins. Cone shaped with steep 
sides

A Caldera – is a large volcanic crater 
which could be several km in diameter. 
It is formed when a magma chamber 
is emptied and the roof collapses or 
through a massive explosive eruption.

A lava tube is a hollow tunnel 
forms when the outside of a 

lava flow cools and solidifies and 
the liquid passing through it 

drains away.

Structure of a Volcano Measuring Earthquakes

Measuring Volcanoes
Measuring the strength of volcanic eruptions is difficult since they produce different materials and last 
for different amounts of time. In 1982, the volcanic exclusivity index (VEI)  was devised. It 
measures the amount of pyroclastic material produced, the height of the eruption and the duration. 
Scientists use the following to predict volcanic eruptions: seismometers - used to measure 
earthquakes occurring near an eruption; tiltmeters and GPS satellites – these devices monitor any 
changes in landscape. Volcanoes tend to swell near an eruption; monitoring gases escaping from a 
volcano using robots called Spiders – often there is an increased release of sulphur dioxide near an 
eruption.

Earthquakes, until recently, have been measured on 
the Richter scale. The Richter scale measures the 
magnitude of an earthquake (how powerful it is). It is 
measured using a machine called a seismometer which 
produces a seismograph. A Richter scale is normally 
numbered 1-10, though there is no upper limit. It is 
logarithmic which means, for example, that an earthquake 
measuring magnitude 5 is ten times more powerful than 
an earthquake measuring 4. Earthquakes measuring 1-2 on 
the scale happen regularly, and they are so small that 
people cannot feel them. Earthquakes measuring upwards 
of 7 are less frequent but very powerful and can cause a 
lot of destruction.

Tectonic processes (such as those above) result in the formation of a series of distinctive landscapes. These include;

Distinctive Tectonic Landscapes

Large-scale feature How it is formed Location Example

Ocean Trench Where subduction takes place Destructive plate margin Mariana trench – Pacific Ocean

Fold Mountains Continental crust is crushed and folded 
upwards

Destructive Andes Mountains – South America

Explosive volcanoes
As the oceanic plate sinks it melts and finds its

way to the surface
Destructive Mount Merapi - Indonesia

New Crust Where 2 ocean plates move apart, the area 
between is filled with magma

Constructive Mid-Atlantic

Ocean Ridge As lava cools a ridge is formed under the sea Constructive Mid-Atlantic Ridge

Submarine volcanoes &
volcanic Islands

Submarine volcanoes (below the surface) 
sometimes rise above the surface to create 

volcanic islands
Constructive Surtsey, Iceland

Rift valley Where 2 continental plates pull apart Constructive Thingvelir, Iceland



Primary and Secondary Effects
Tectonic processes may cause a range of hazard; earthquakes, tsunamis and volcanic eruptions.
• The immediate consequences of an event are the primary effects. For example, people injured inside a

building that collapses.
• Secondary effects result from primary ones. For example, the collapsed building will make people homeless.

Secondary effects may last for years after the event.

Volcanic Hazards

Hazard Characteristics Scale

Lava flow
Molten rock flows down the 
side of a volcano.

Local – may travel several km 
and threaten towns and villages 
in their path

Lahars
Volcanic mudflows consisting of 
a mixture of ash and water 
from rain, melted snow and ice.

Local – may travel several km 
and threaten towns and villages 
in their path.

Ash clouds

Ash thrown into the 
atmosphere shuts out the sun 
and when it settles covers the 
ground, buildings, crops and 
power lines.

Large – may reach 10-15km 
high and spread over thousands 
of kms.

Pyroclastic flow

Burning clouds of gas and ash 
with temperatures up to 
1000oC travelling at speeds of 
up to 200km/h

Local – may travel several kms.

Vulnerability to Earthquakes
Earthquake hazards include;
• Bridges and buildings collapse and underground pipes break as a result of the movement of the earth
• Soil liquefaction causes a buildings foundations to be damaged.
• Landslides bury people and buildings
• Tsunamis can cause severe damage and death

Things that make areas more vulnerable include;
• Magnitude: the stronger the hazard the more severe the impacts
• Duration: the longer a hazard lasts the more severe the impact
• Predictability: hazards that hit with no warning have a larger impact
• Regularity: hazards that happen more regularly have larger impacts as communities don’t have chance to

recover.

Human Factors Increasing Hazard Vulnerability

Human factors that increase vulnerability;
• Wealth; poor people are less able to withstand disasters and have less money or insurance policies

to recover.
• Education; where populations are able to read and write, written messages can be used to

spread warning or give advice about how to cope.
• Governments; can support education and awareness and can pass building regulations
• Age; children and the elderly are more vulnerable
• Health; healthy people are more able to cope.
• Population density; the more people living in the area the more people that will be affected
• Time of the day; e.g. earthquakes in rush hours have a more devastating effect
• Emergency services; richer countries have well trained and well resourced response teams

Reducing Hazard Risk
Earthquakes are difficult to predict but there are some monitoring techniques;
1. Laser beams can detect plate movement
2. A seismometer is used to pick up vibrations in the earths crust. These can lead up to an earthquake
3. Levels of radon gas can increase suddenly before an earthquake.

Monitoring Techniques used to predict volcanic eruptions include;
1. Remote sensing. Satellites monitor gas emissions and thermal imaging can work out the 

temperature within the volcano.
2. Seismometers can pick up movements in the earth which sometimes occur before an eruption.
3. Visual signs. Often the appearance of a volcano changes before an eruption.

Tsunami warning system;
1. Following the 1960 Chilean earthquake the Pacific countries decided to set up the Pacific Tsunami 

Warning System (PTWS).
2. This is a network of seismometers and ocean buoys that detect earthquakes and ocean movements.
3. Warnings are then given to local centres, which warn local people using the TV, radio, text messages 

and sirens.

Hazard Mapping
Hazard Mapping highlights areas affected by or vulnerable to earthquakes, volcanoes and tsunamis
It allows local authorities to;
• Reduce access to hazardous areas
• Control developments at risk of tectonic hazards
• Invest in techniques to monitor the hazards in these areas

New building technology can also reduce the impact of earthquakes. Often they are built to
absorb the energy and withstand the earths movement.

Emergency planning;
• An exclusion zone can be set up around a volcano
• Lava flows can be diverted
• Emergency services can be trained and given the equipment needed.
• People put together emergency kits which include first aid items, blankets etc.

Case Study: Nepal Earthquake 2015 (LIC)
Causes

On 25 April 2015 a 7.8 earthquake struck
Nepal in Asia. The earthquake occurred on
a convergent collision plate boundary
between the Indian and Eurasian plates. The
focus was only eight kilometres deep and
the epicentre was just 60 kilometres
north-west from the capital Kathmandu.
The earthquake triggered an avalanche on Mount Everest, killing approximately 20 
people. This made April 25 2015 the deadliest day on the mountain in history. The 
earthquake triggered another huge avalanche in the Langtang valley, where 250 
people were killed.

Impacts
• 8,632 dead and 19,009 injured.
• Hundreds of thousands of people were made

homeless with entire villages flattened.
• 1.7 million children had been driven out into the

open.
• Harvests were reduced or lost that season.
• Short term loss of tourist revenue, a major

industry in Nepal.
• The steep valleys of the area suffered many

landslides, the village of Ghodatabela was
covered, killing 250 people.

Responses
• International aid was provided by India and China who in total

committed over $1 billion to help support Nepal.
• The GIS tool “Crisis mapping” was used to coordinate the

response.
• Aid workers from charities such as the Red Cross came to help.
• Temporary housing was provided, including ‘Tent city’ in Kathmandu.
• People are now being educated across Nepal to do earthquake

drills.
• The Government of Nepal is trying hard to reduce poverty so

that people can build homes and structures which could withstand
earthquakes.

Case Study: Japanese Tsunami 2011 (HIC)
Causes

On Friday 11 March 2011 at 14:46:24, an earthquake 
of magnitude nine on the Richter scale occurred. It was 
at the point where the Pacific tectonic plate slides 
beneath the North American plate. The epicentre was 
30 kilometres below the Pacific Ocean seabed and 129 
kilometres off the east coast of Honshu, Japan. This 
triggered a tsunami. High, powerful waves were 
generated and travelled across the Pacific Ocean. The 
area worst affected by the tsunami was the east coast 
of Honshu in Japan.

Impacts
• The waves travelled as far as ten kilometres inland in Sendai.
• Ports and airports in Sendai were damaged and closed.
• A state of emergency was declared at the Fukushima nuclear power plant, where a 

cooling system failed and released radioactive materials into the environment.
• In July 2013, the Tokyo Electric Power Company (TEPCO), admitted that about 300 

tons of radioactive water continued to leak from the plant every day into the Pacific 
Ocean.

• Four years after the quake, around 230,000 people who lost their homes were still 
living in temporary housing.

• The total damages from the earthquake and tsunami are estimated at $300 billion 
(about 25 trillion yen).

• The number of confirmed deaths as of 10 April 2015 is 15,891. More than 2,500 people 
are still reported missing.

Responses
• The country recently unveiled a newly-installed, upgraded tsunami warning system.
• Earthquake engineers examined the damage, looking for ways to construct buildings that 

are more resistant to earthquakes and tsunamis. Studies are ongoing.

Case Study: Mount Merapi Eruption 2010
Location 

Mount Merapi (meaning Mountain of Fire) is an active stratovolcano (or composite volcano) located in 
south-east Asia, on the island of Java, Indonesia, a low income country (LIC). It is the most 
active volcano in Indonesia, having erupted regularly since 1548.
Merapi is located in one of the most densely populated parts of Java with over 11,000 people living 
on the slopes of the mountain. Most of these people are poor farmers who depend on the richness 
of the soil for their living.

Causes
The volcano and its eruptions were caused by the Indo-Australian plate being subducted beneath the Eurasian plate. The 
volcano is located on a destructive plate margin, at a subduction zone, part of the Pacific Ring of Fire. In March 2010 there 
were first signs that the volcano would erupt. Tiltmeters showed that the volcanic dome had begun to bulge. In September 
there was increased earthquake activity and white plumes of smoke were seen rising above the volcano's crater. On Monday 
25 October 2010, Merapi erupted and continued to erupt until 30 November.

Impacts Responses

• Volcanic bombs and heat clouds, with temperatures 
up to 800°C, spread over a distance of 10
kilometres.

• Pyroclastic flows travelled three kilometres down 
the heavily populated mountain sides.

• 350,000 people living in the area had to flee 
their homes.

• Heavy rain on 4 November 2010 caused lahars, 
washing ash and rock down into towns and 
destroying bridges.

• Sulfur dioxide was blown across Indonesia, the 
Indian Ocean and as far south as Australia.

• 353 people were killed, and 577 people were 
injured.

• 210 evacuation centres were set up in schools, 
churches, stadiums and government offices.

• An exclusion zone of 20 kilometres was established 
around the volcano.

• International aid was offered from governments 
and non-governmental organisations (NGOs) such as 
the Red Cross and Red Crescent.

• 2,682 people were moved to new, safer houses 
permanently.

• The government made money available to farmers 
to help replace their livestock.

• An ongoing exclusion zone of 2.5 kilometres was 
set up, settling people in areas of lower risk.

• Improved prediction measures and education in 
evacuation procedures have been introduced.

• Dams have been built in valleys to hold back lahars.


