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Earth’s Structure 
Inner Core: Rigid with lots of iron and nickel – up to 

4300°C  

Outer Core: A semi-molten layer with lots of iron and 

nickel  

Mantle (mesosphere): rigid with silicate rocks – up to 

3800°C  

Mantle (Asthenosphere): Semi-molten (can flow)– plastic 

properties  

Moho discontinuity – between asthenosphere and 

lithosphere  

Crust and very top of mantle (lithosphere): Rigid

Crust Types: 
 
Oceanic Crust:  
6 to 10 km thick.  

Less than 200 million years old.  

3g/cm3 density.  

Silicon Magnesium rock (SIMA)  

Continental Crust:  
30 to 70 km thick.  

1500 million years old.  

2.6g/cm3 density.  

Silicon Aluminium Rock (SIAL) 

!
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Supporting Evidence: 
 
Geological: 
Continents fit together 
Glacial deposits in India, S. America and Antarctica  
from same time period are now widely dispersed 
Rock structures/ sequences (I.e Scotland and Canada)  
Mountain similarities NW Europe & the Appalachians  
Hot spots show direction of movement and speed  

Biological: 
Common fossils either side of oceans. I.e. Reptile  
Mesosaurus in S. America and S.Africa 
Similar species across oceans –incapable of migrating  

Climatological: 
Similar climates for areas located very far away now  
Coal from the tropics in North America and Europe 

Sea Floor Spreading  
As the lower asthenosphere is heated, it becomes less 
dense and rises. It diverges as it cools towards the top. 
This divergence causes drag from the convection 
current which leads to lithosphere plate movement. 
Magma then rises to fill the gap left by the pulling 
apart of the lithosphere. This new magma solidifies 
and widens the sea floor and creates continental drift, 
whilst simultaneously forming mid-ocean ridges. 
Similar events occur on land to form rift valleys which 
eventually become new oceans.  

Palaeomagnetism  
The Earth reverses its magnetic polarity once every 
200,000 years. Magnetic materials in the magma align 
themselves with the direction of the Earth’s magnetic 
field prior to solidification. Crust created during times 
of normal polarity (magnetic north near the N.Pole) are 
aligned in opposite direction to those in reverse 
polarity. This creates alternating magnetic strips along 
the sea floor. 

Plate Tectonics Theory 

!   

Francis Bacon – saw continents fit together in 1600s  

1912 Alfred Wegner published his theory of continental drift, where he stated that there was once one continent 
called Pangea 300 million years ago (Tethys ocean) before it split into Laurasia and Gondwanaland  

Wegner’s theory didn’t explain how the plates moved, but since the 1940s evidence has emerged: 
  

 . 

!
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Oceanic to Continental Destructive Boundary  
As an oceanic and continental plate converge, the 
more dense oceanic plate is subducted under the 
continental plate, forming deep sea trenches (e.g. the 
Peru-Chile trench).  

Subduction is aided by slab pull. This occurs as the 
edge of the subducting plate is much colder and 
heavier than the mantle, so it continues to sink, 
pulling the rest of the plate along with it. The force 
that the sinking edge of the plate exerts on the rest of 
the plate is called slab pull. 

Sediment accumulated on the continental crust is 
uplifted, compressed and buckled into Fold 
Mountains (i.e. The Andes).  

The subducted oceanic plate is heated by friction and 
contact with the mantle in the Benioff Zone. The 
melted crust forms magma less dense than the 
asthenosphere, which means it can rise, by melting 
through the lithosphere or by flowing through cracks 
to form volcanoes.  

Earthquakes occur due to the release of built up 
pressure. 

Destructive Plate 
Margins 

  

 

Oceanic to Oceanic Destructive Boundary  
The denser of the 2 pates is subducted, again leading to 
the formation of deep sea trenches.  
The buckling of the oceanic plate and melting of the 
subducted plate in the Benioff Zone responsible for 
volcanoes, leads to island arc formation. Accretionary 
wedges form as subduction scrapes off oceanic sediment 
Earthquakes occur when pressure is released.  

!  

Continental to Continental Destructive Boundary 
(Collision) 

Neither plate is subducted, leading to a lack of 
volcanoes, but pressure build up still cause’s 
earthquakes. The Himalayas are an example of Fold 
Mountains that form at these plates.  

!   
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Constructive Plate Margins 

As 2 plates diverge (move apart), pressure on the 
mantle at the margin is released, causing the mantle 
to melt. The magma is less dense than the lithosphere 
and rises to the surface.  

Mid-Ocean Ridge  

Rising magma plumes stretches the lithosphere along 
ocean floors. Submerged volcanoes and mountain ranges 
are formed. 
I.e. the 15,000km long Mid-Atlantic Ridge  

Conservative Plate 
Margins

2 plates move past each other in differing directions/
speeds. The plates lock together and pressure builds 
up. The plates jerk past each other as energy is 
released creating fault line cracks and earthquakes.  

Hotspots Concentrated radioactive decay in the Earth’s Core 
heats the lower mantle and creates rising magma 
plumes. Plumes burn through the lithosphere and 
create surface volcanoes. Hotspots remain stationary, 
but over time the plate above them has moved, 
creating an island chain (archipelago) of active and 
extinct volcanoes. Volcanic activity in the part of the 
crust that has moved away from the hotspot reduces 
and the island gradually erodes away.  

Hawaii and Emperor Sea Mount Chain 
Hotspot located south of the Island of Hawaii. As the 
Pacific plate moves North West b(5-10cm/year), Lo’ihi 
Seamount is forming, the next volcano, which should 
surface in 200,000 years.  
Emperor seamount island chain formed when the Pacific 
plate moved North, it is now being dragged towards the 
Aleutian Island arc where it will be sub-ducted. 

!

Constructive Plate 
Margins and 
Landforms 

!

Rift Valley 
Rising magma beneath diverging continental plates 
leads to fracturing of the crust into parallel faults.  
As the lithosphere pulls apart, the crust between the 
parallel faults falls down (creating Grabens). Volcanoes 
often form around the rift valley. I.e. Mt Kilimanjaro and 
Mt Kenya are alongside the East African RiftSystem 
that is 4000km from the Dead Sea to Mozambique. 
Formed from diverging Nubian and Somalian plates. 

!

!  
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Types of magma Basalt - Fine-grained, igneous rock, underlying more 
of the earth's surface than any other rock type, 
especially ocean basins.  

Usually found at: constructive plate boundaries 
Silica content: Low 
Viscosity: Low (runny) 
Temperature: High (1100-1200°C)

Andesite - Typically found in lava flows produced by 
stratovolcanoes. Generally formed after an oceanic plate 
melts during its descent into the subduction zone. 

Usually found at: destructive plate boundaries 
Silica content: Medium 
Viscosity: Medium 
Temperature: 800-1000°C

Rhyolite - Formed from granitic magma in continental 
or continent- margin volcanic eruptions where granitic 
magma reaches the surface. Rhyolite is rarely produced 
at oceanic eruptions.   

Usually found at: destructive plate boundaries 
Silica content: High 
Viscosity: High (thick and sticky) 
Temperature: 600-900°C

!

!
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Volcanic hazards Lava flows 

Sheets and tongues of liquid rock expelled from the 
crown or flank of an exploding volcano. Although lava 
flows can move quickly (up to 100km/h), most moves 
at human walking pace or more slowly. The speed of 
the flow depends on the viscosity of the lava which is 
influenced by the temperature of the lava, the silica 
content and the incline of the volcano's slope.  

e.g. Eldfell 1973, Iceland and Mount Kilauea, Hawaii 
for lava flows  

Pyroclastic flows 

Pyroclastic flows contain a high-density mix of hot lava 
blocks, pumice, ash and volcanic gas. They move at very 
high speeds (typically greater than 80km/hour) down 
volcanic slopes, typically following valleys. The extreme 
temperatures of rocks and gas inside pyroclastic flows, 
generally between 200°C and 700°C, can ignite fires and 
melt snow and ice. 

e.g. Pinatubo 1991, Philippines and  
Montserrat 1995–7, Caribbean 

Ash fall 

Volcanic explosions can throw large amounts of ash 
into the atmosphere that then descends to the earth 
and is transported by the wind. It is generally less 
damaging than pyroclastic flows but collapse roofs and 
damage vegetation.  

e.g. Eyjafjallajökull 2010, Iceland for tephra and ash fall  

Gas eruptions 

Magma contains dissolved gases, which provide the 
driving force that causes most volcanic eruptions. As 
magma rises towards the surface and pressure 
decreases, gases are released from the liquid portion 
of the magma (melt) and continue to travel upward 
and are eventually released into the atmosphere. 
However, even if magma never reaches the surface, 
gases can often escape continuously into the 
atmosphere from the soil, volcanic vents, fumaroles, 
and hydrothermal systems. 
By far the most abundant volcanic gas is water vapour, 
which is harmless. However, significant amounts of 
carbon dioxide, sulphur dioxide, hydrogen sulfide and 
hydrogen halides can also be emitted from volcanoes. 

e.g. Lake Nyos 1986, Cameroon for gas eruptions 

Secondary hazards: Jökulhlaup (glacial outburst)  

This is when a large section of a glacier breaks free 
from a glacier due to the heat from a volcano. This may 
turn into a mudflow if it is in contact with ash. 

e.g. Eyjafjallajökull glacial flood (jökulhlaup) April 14th 
2010 

!

Secondary hazards: Lahars 

Lahars (mudflows) - when ash mixes with water a muddy 
liquid with the consistency of wet cement. This can 
damage property and lead to drowning.  
e.g. Lahar Mt Merapi, Indonesia, 2010 

!
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Earthquakes Earthquakes  
Earthquakes are caused by the release of tension at 
any plate boundary through sudden plate movement 
and fracturing of fault lines. As pressure is released 
the plates jerk past each other, sending out seismic 
waves (vibrations), the earthquake.  

Focus: the location in the lithosphere where the 
earthquake starts (can be along a fault line, not a 
single spot).  
Epicentre: the point immediately above the focus on 
the surface  

Primary Earthquake Hazards:  
• Violent shaking of the ground 
• Ground displacement 
Secondary Earthquake Hazards:  
• Liquefaction - this is when the shaking of silts, 

sands and gravel causes them to lose their load-
bearing capacity. As a result, buildings and other 
structures may sink into the ground.  

• Landslides - mass movements of rock and debris 
can be triggered by earthquakes.  

• Avalanches 
Tsunamis 

Primary Waves:  

Are a body wave which transmits energy through the 
earth’s interior. 

travel 4-7 km/s through liquids and solids.  

Waves push and pull (compressional) the Earth in the 
same direction.  

Can be felt the other side of the Earth

Secondary Waves:  

Are a body wave which transmits energy through the 

earth’s interior. 

Travel 2-5 km/s through solids (cannot travel through 

liquids) 

  

They vibrate 90° to the direction of motion  

Have a damaging shearing effect. 

Love (L) wave: 

Is a surface wave - transmits energy along earth’s 
surface. It is the most destructive type of wave. 

Rock moves from side to side.

Inter-plate earthquakes: crustal movement along plate 

boundaries due to the release of energy.  

• Destructive boundaries: pressure release at plate 

convergence and in the Benioff Zone as a plate 

descends 

• Constructive boundaries: faulting occurs at the edge 

of the central rift valley as the crust is forced up or 

down.  

• Constructive boundaries: uneven movement along 

transform faults leads to earth tremors 

!

Intra-plate earthquakes:  

Very rare earthquakes in the middle of plates.  

Caused by old fault lines slippage and rifting (forcing 

apart of surface rock due to crustal movement over a 

spherical shape creating weak points)  

!  

Earthquake waves 
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Measureng seismic 
events

The Moment magnitude scale is an updated version 
of the Richter scale. 

Abbreviated as MMS (denoted as MW or M) is used by 
seismologists to measure the size of earthquakes in 
terms of the energy released. The scale was developed 
in the 1970s to succeed the 1930s-era Richter 
magnitude scale (ML). 

!

Richter Scale: 
Magnitude is measured on a limitless logarithmic 
scale. (Logarithmic means an earthquake with a 
magnitude of 5 has an amplitude (wave size) 10 times 
that of a magnitude 4 earthquake and 30 times  
more energy release). 

!

Mercalli Scale: 
Impacts are measured using observations.  
Scale ranges from 1 (detected by instruments) to 12 
(total destruction).  

!
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Tsunamis Tsunamis  
Displacement of water on a large scale  

Caused by: 
Seabed movement from an underwater earthquake  
Volcanic material falling into the water 
Landslides into the water 

In the deep ocean, waves are fast (500-950km/h) with 
200km wave lengths of 1m amplitude.  
As water gets shallower waves are compressed, 
concentrating energy. Waves slow to 80km/h, with a 
20km wavelength and 8-15m amplitudes. 
As waves approach the cost, water withdraws 
(drawback) down shore.  

Characteristics: 
Massive wavelengths (distance between wave crests) 
of up to 100km.  
There can be as much as an hour between waves.  
Tsunamis travel extremely fast across the ocean. It is 
estimated that in the Pacific Ocean - where tsunamis 
are most common - they can travel up to 800km/hour, 
which is faster than a jet aeroplane.

!
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Hazard, Disaster, Risk, 
Vulnerability and 
Capacity to cope

Hazard - A perceived natural event that has the 
potential to threaten both life and property. 

A hazard that becomes a reality and causes  damage 
to infrastructure and loss of life is called a disaster.   

The risk of disaster increases as: 

The frequency or severity of hazards increase (e.g. 
Global warming is increasing the magnitude, 
frequency and severity of weather related hazards 
(Floods, Droughts, Windstorms) 

People’s vulnerability increases (e.g. population 
growth, deforestation, urbanisation, unsustainable 
development on poor land [building on floodplains], 
or destruction of coastal mangroves decreasing 
coastal protection and continued poverty in the least 
economically developed countries) 

People’s capacity to cope is decreased (e.g. Poor and 
vulnerable communities lacking the skills, tools and 
money to deal with climate change 

Definitions: 

Resilience - The ability of a community to resist, 
absorb and recover from the impacts of a hazard. 

Vulnerability - The weakness of people in a situation 
where they are exposed to risk.

Disaster Risk Equation 

The risk of a hazard causing a disaster can be shown using 
the disaster risk equation: 

!  

The Degg Model 

This demonstrates that a hazard event only becomes a 

disaster if there is a vulnerable population 

!

Hazard profiles are a common way of comparing 

different hazards 

In this example the 2004 Asian Tsunami and ongoing 

eruption of Kilauea on Hawaii are compared.  

!
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Pressure and Release 
Model,  
Park’s Model,  
Hazard Management 
Cycle

Modifying the event, 
vulnerability and loss

Modify the event 
land-use zoning 
hazard – resistant design  
engineering defences  
diversion of lava flows  
retro-fitting of homes 

Modify vulnerability and resilience  

hi- tech monitoring,  

prediction,  

education, 

 community preparedness and adaptation.  

Modify loss  
Emergency, short and longer term aid  
insurance  

Hazard management cycle (response, recovery, 
mitigation, preparedness). 

Successful hazard management involves a cycle (see 
diagram) which focuses 

!  

response (a re-active measure of how a country or 
community reacts to events)  

recovery (another re-active post-event measure in 
terms of the time it takes for recovery and action plans 
to be put in place) 

mitigation (pro-active strategies put in place before an 
event occurs to prevent a hazard from occurring)  

preparedness (another pro-active method to help 
increase resilience to a disaster). 

Pressure and Release (PAR) Model 

!  

This model shows the complex inter-relationships 
between a hazard and its wider context. 

Many factors can increase the disaster risk. 

Park’s Model  

!  
When a hazard event occurs, it disrupts economic and 
social life often immediately and totally.  The Park’s model 
describes a sequence of three phases following such an 
event (relief, rehabilitation and reconstruction) 

Different hazard events have different impacts, shown by 
the speed of the drop in quality of life, the duration of the 
decline, and the speed and nature of recovery. 

The differences in the 3 lines might be related to type of 
hazard, degree of preparedness, speed of the relief effort 
and the nature of recovery and rebuilding.  
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Prediction, 
Preparation and 
Protection

Prediction of when and where  

Earthquakes: 
• Earthquake prediction is impossible, but rock 

cracking and small tremors indicate a potential 
earthquakes and approximate location. 

• Earthquake warning systems can detect P-waves, 
but only after an earthquake has started. As these 
waves are fastest and least destructive they can 
be used to warn of stronger tremors, but only by 
a few seconds.  

• Past earthquakes indicate patterns of activity and 
locality.  

Tsunamis: 
• Tsunami warning systems depend on earthquake 

detection systems. If the location is likely to cause 
a tsunami, a warning is issued. 

• Hard to warn people in time about near land 
tsunamis.  

Volcanoes:  
• Rough predictions possible as small earthquakes, 

bulging land, gas types, increased gravity from 
magma filling chambers and changes to minor 
extrusive activity indicate a potential eruption 
likely.  

• Hazard mapping shows previous pyroclastic flow 
and lahars.  

• Predictions are used to evacuate those at risk and 
ensure that they are in a safe area. 

Barriers to warning system include a lack of 
technology to communicate warnings, government 
decision not to create panic, complacency due to 
previously over exaggerated warnings and a 
reluctance to leave their homes. 

Preparation:  

• Planning requirements to avoid building in risk areas.  

• Emergency service training and preparation. e.g. 

FEMA in the USA train emergency personnel to deal 

with disasters  

• Evacuation route planning by governments shared 

with residents – i.e. Oregon USA for Tsunamis  

• Education and drills of what to do/have in a disaster 

and increasing public awareness (e.g. Japan)  

Protection: 

Earthquakes: 
• Buildings can be designed to withstand tremors, 

increasing required by law, by using: steel frames 
and braces (twist and sway without collapsing), 
foundations on rubber shock absorbers, deep 
foundations into the bedrock, concrete counter 
weights at the top to move in contrasting direction 
to the quake and fire resistant building materials.  

Tsunamis: 
• Built on raised open foundations and out of 

concrete minimises a tsunamis impacts. 
• Tsunami walls built around settlements 
• Tsunami breakwaters can be constructed, barriers 

out at sea that mean tsunamis break out at sea, 
creating lower amplitude. 

Volcanoes: 
• Buildings are strengthened to reduce likelihood of 

collapse. 
• Diversion of lava flows from settlements using 

barriers.  
• For all, roads are strengthened to enable efficient 

evacuation to designated open spaces (higher 
ground). 
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