Theme 2 - Plate Tectonics Revision Notes

Layers of the earth
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Outer core
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Inner core

Crust
· Crust A relatively thin layer of solid rocks around the outside of the earth.  Continental crust has an average depth of 5km and is mainly composed of Granite.  Oceanic crust has an average depth of 70 km and is mainly composed of Basalt.  The average temperature of both is 10 0C
· Mantle A layer of melted rock 2900 km beneath the crust.  Very hot with a temperature of 375 0C and solid, but has the consistency of treacle.  The main rock type is Peridotite.
· Outer core A layer of molten rock 2900 – 5000 km below the crust.  Average temperatures of 3000 0 C and an iron / nickel composition.
· Inner core - The centre of the earth with a radius of 1400 km and temperature of about 2700oC and an iron / nickel composition.
Major plates
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There are 7 major plates:

· The Pacific

· The Eurasian.

· The African

· The American

· The Indo Australian

· The Nazca Plate

· The Antarctic plate.

Plates are sections of very thin crust; they float like rafts on the semi-molten material that makes up the earth’s mantle. These plates move on top of the mantle by a series of heat (convectional) currents.  The movement is very small at less than 1 cm per year, but it can result in volcanic eruptions and earthquakes. This is how plate boundaries cause tectonic hazards. Earthquakes and volcanoes are found near plate boundaries. They can happen on the seabed as well as on land. 
Plate movement
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There are 4 ways in which the plates can move from the convectional currents:

· Destructive:  This happens when oceanic and continental plates move together.  The oceanic plate is denser (heavier) than the continental one and is forced down into the mantle.  Here it melts and is released as magma (volcano).  The continental plate is forced up (Fold Mountains) and earthquakes occur due to the movement of the plates. E.G. South East Japan
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Constructive:  New crust forms in undersea valleys in mid – ocean.  Oceanic plates move apart causing magma to rise up as a volcanic eruption, and once cooled new land is formed.  The new crust gradually pushes the older crust sideways, and away from the ridge.  A mid- ocean ridge (undersea mountain chain develops).  Minor earthquakes occur. E.G Mid Atlantic Ridge.
· Conservative: Two plates move past one another.  Pressure builds up as the plates move causing a massive earthquake.  No crust is created or destroyed and no volcanic eruptions take place. E.G. San Andreas Fault, California. 
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· Collision: Continental plates converge (move together).  They are buckled and pushed up to form Fold Mountains.  No eruption, but violent earthquakes occur. E.G. Himalayas.
Types of volcano
They are classified as:

· Active – if they have erupted recently.
· Dormant – if they have erupted in the past 2000 years

· Extinct – if they have not erupted for many thousands or millions of years 

There are 3 main types of volcano based on the composition of lava and ash:  

· Shield – are formed by thin runny lava that runs a long way before it hardens. Because of this, are very wide and have gently sloping sides

· Dome- are formed by eruptions of thick, sticky lava that cools before it can go very far. Because of this, they have steep curved sides.

· Composite - are formed by alternate eruptions of ash and thick lava. Because of this, they are very high with steep sides. These are the most dangerous volcanoes
Volcanic eruptions effect people living in the area. For each case study ensure you know the causes, effects and the management issues involved. 
Features of a volcano
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Volcanic example in an LEDC (Montserrat)
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Location:  Montserrat in the Caribbean.
Volcanic area: Soufriere Hills.

Date of eruption: July1995

Eruption lasted: 5 years
Chances Peak Volcano had been dormant for over 200 years.

Emergency plans:  Evacuating people to nearby islands or Britain. People had to get emergency aid from Britain in order to rebuild island.

Nos evacuated: 6,000 (over half the population)
Numbers killed:  23 – people who stayed to watch over their crops.

Things destroyed:  - farmland covered by lava.

· 2/3 of the homes destroyed covered in ash and mud.
· Pyroclastic flow (rivers of hot gas, ash, mud and rock moving at very high speeds at temperatures of about 500°C) covered large areas of the island.

· Tourist industry destroyed 
Prediction 

Volcanic eruptions can destroy people and the environment. We need to predict and plan for the eruption. This helps reduce the loss of life and damage. Some of the methods scientist use to predict are;
· Lasers to detect the physical swelling of the volcano
· Chemical sensors to measure the increases in sulphur levels 
· Seismometers to detect the large number of earthquakes that occur due to the magma rising up
· Ultrasound, which can monitor low-frequency waves within the magma as the surge of gas and molten rock moves upwards
· Satellite images to record the warming of the ground surface as the magma edges towards the ‘breaking through point’. 
Some of the methods scientists and local authorities use to plan are;
Have an evacuation plan, e.g. supplies of food and water, medical facilities, face mask to prevent inhaling ask and temporary homes (tents). Government agencies such as the police organise the evacuations. These need to be practiced and publicized. 
Earthquakes
An earthquake is the shaking and vibration of the crust due to movement of the Earth's plates (plate tectonics). Earthquakes can happen along any type of plate boundary.
Focus: Point at which energy is released.

Epicentre: The surface point directly above the focus.
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It is measured using the Richter scale, which works logarithmically.   The higher the number the stronger the quake.
Case study of an Earthquake: Haiti 

Haiti is part of a large Caribbean island called Hispaniola. The Dominican Republic is located to the east of Haiti and covers over half of the island.

Cause of the earthquake

Haiti lies right on the boundary of the Caribbean and North American plates. There was slippage along a conservative plate boundary that runs through Haiti.

On 12 January 2010, a magnitude 7 earthquake hit Haiti at 16:53 local time. The earthquake’s epicenter was 25 km west of Port-au-Prince, the capital. Most people, businesses and services were located in the capital.
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Social impacts of the earthquake (effects on people)

· 

3 million people affected.

· 

Over 220,000 deaths.

· 

300,000 injured.

· 

1.3 million made homeless.

· 

Several hospitals collapsed.

Economic impacts of the earthquake (effects on money and jobs)

30,000 commercial buildings collapsed.

Businesses destroyed.

Damage to the main clothing industry.

Airport and port damaged.

Many of the effects were immediate or primary, e.g. injuries from falling buildings. Some secondary effects didn’t happen until many months later, e.g. cholera outbreaks. The effects of this earthquake were particularly bad because of the following reasons:

There were very few earthquake-resistant buildings.

Buildings and other structures were poorly built.

The epicenter was near to the capital.

There were few resources to rescue or treat injured people.

Response to the earthquake

Haiti is a very poor country without the money and resources to redevelop. It is one of the least developed countries in the world with most Haitians living on $2 or less per day, about £1.30.

Because there were few earthquake-resistant buildings, the devastation was massive. Many buildings simply collapsed or were damaged beyond repair.

Primary responses

Neighbouring Dominican Republic provided emergency water and medical supplies as well as heavy machinery to help with search and rescue underneath the rubble, but most people were left to dig through the rubble by hand.

Emergency rescue teams arrived from a number of countries, e.g. Iceland.

Medical teams began treating the injured – temporary field hospitals were set up by organisations like the International Committee of the Red Cross.

GIS was used to provide satellite images and maps of the area, to assist aid organisations.

People from around the world watched the news from Haiti on TV and through social networks. Many pledged money over their mobile phones.

United Nations troops and police were sent to help distribute aid and keep order.

Secondary responses

Money was pledged by organisations and governments to assist in rebuilding, but only slow progress had been made after one year.

After one year, there were still 1,300 camps.

‘Cash for work’ programs are paying Haitians to clear rubble.

Small farmers are being supported – so crops can be grown.

Schools are being rebuilt.
Prediction of earthquakes 
Whereas volcanic activity is often the end result of a slow build up of magma pressure within the earth’s crust, an earthquake is a sudden, violent event. Although the pressure gradually builds as two plates temporarily ‘lock together’, its release is not a slow or steady movement but rather a sudden lurch forward. 
Some methods of prediction are – 

· Laser beams across major fault lines to detect movement

· Monitoring an increase in the escape of radon gas, which may suggest the approach of an earthquake

· Checking water levels in well, which may fall before a earthquake as the water seeps into small tension cracks

· Using seismographs to detect small fore shocks

Some of the methods scientists and local authorities use to plan are
Construct buildings and infrastructure (bridges, roads etc.) that can with stand the earth shaking. Plan for rescue, restoring essential services and arranging for temporary evacuations. Evacuation routes must be practiced and individuals need to have emergency kits with things like food, water, torches etc. 
The Impact of Tectonic Activities

There are variations in the effects and responses to tectonic activity between 
1. MEDCs and LEDCs, and 
2. Rural and urban.

The variations occur mainly due to the differences in 

a, Population Density

b, Building Materials

c, Emergency services

e. Quality of the communication network
f. Relative wealth
	
	MEDCs
	LEDCs

	Building Materials
	a. Quality materials

b. Enforcement of planning regulations
	a. Poor in general but better in the city.

b. Little enforcement

	Emergency services
	Good and available to help
	Virtually none existence

	Medical facilities
	Usually readily available
	Mostly in the cities and very limited in the countryside

	Quality of the communication  network
	Good throughout the country, and easy to reach the affected areas
	Poor especially in the countryside and sometimes impassable roads during the raining seasons 

	Relative wealth


	Can provide most of the resources themselves and other rich countries are willing to help
	Cannot provide the resources themselves and helpers are slow to act and may respond when it is too late.


	
	Urban (City)
	Rural (countryside)

	Population Density
	High and a lot of damage caused by electricity, gas and pipes etc
	Sparse and usually fewer loss of lives

	Building Materials
	Good to withstand weak force even
	No difference in MEDCs  but big difference in the LEDCs

	Medical facilities
	Relatively good in the urban areas.
	very limited in the countryside

	Emergency services
	Better to deal with the situation than in the rural areas
	very limited in the countryside


Examples of tectonic landscape questions

Explain the processes at a Divergent Plate Boundary (4 marks)

Remember - here the focus needs to be on processes:

1 - Show understanding of what a Divergent Boundary is (what happens to the plates)

2 - try and name an example

3 - focus on the processes - i.e. divergence, magma rising, new crust being created, volcanism and earthquakes.

Possible Answer

At a divergent plate boundary the plates are moving away from each other as a result of convection currents which operate in the mantle. Here hot magma rises to the surface and spreads out pulling the plates apart, forming a ridge. Magma fills the gap in the ridge, creating new crust and causes volcanic eruptions. Along a ridge, such as the Mid-Atlantic Ridge, both earthquake and volcanic activity are experienced as a direct result of the plate movement.

Why is volcanic activity occuring in the middle of the Pacific Plate? (4 marks)

The Hawaiian Islands are located in the middle of the Pacific Plate. They are located here due to the presence of a hotspot. This is where a plume of heat rises up from the mantle and melts the overlying plate which is thinner than usual. As the magma is lighter it rises up and erupts onto the surface, forming a volcano. Lava builds up over time, eventually creating an island above sea level. The plate continues to move slowly away from the stationary 'hot spot' due to convection currents in the mantle so the volcano becomes inactive but a new volcano will form above the hotspot, eventually forming a series of volcanic islands.

Explain why people continue to live in areas of volcanic and earthquake activity. Use examples in your answer (5 marks)
Advice:

The question asks examples - if you only give one example you will lose a mark.

Each point you make must include specific points related to an example.

Remember - this question ask for reasons for living in BOTH areas of volcanic and earthquake activity - you must refer to both to access the full marks. 

Possible Model Answer (look for the explanation and the example)
Some people continue to live in volcanic areas as they cannot afford to move. Others continue to live in these areas as the potential for economic benefits outweighs the risk. As well as precious minerals like gold being mined in these areas, these areas provide job opportunities due to their popularity with tourists. Major attractions include the Old Faithful geyser in Yellowstone National Park (USA) and the Blue Lagoon (Iceland). In Iceland alone, tourism provides over 5,000 jobs. The fertility of many volcanic soils, due to weathered ash, also provides opportunities for economic gain through farming. Many farms thrive on the slopes of Mt Etna where olives, grapes and citrus fruits are grown. Improvements in technology help to explain why many continue to live in areas of earthquake activity. Many HICs such as Japan and the USA have clear disaster plans in place and carefully designed earthquake proof buildings like the Transamerica Pyramid in San Francisco. In Montserrat the highest population density is in the South of the Islnad because the Chances Peak is located there making for the best farmland in this part of the island. Tourist operators on the island of Montserrat now run ‘disaster tourism’ trips to the devastated capital city of Plymouth. 
Outline the economic reasons for people continuing to live in areas prone to volcanic activity (4 marks)
Advice

The command word is outline and often these questions are marked out of 4. Each point with gain a mark. However you must include specific points about an example, if not you will only gain two marks In the suggested answer below make sure you can identify (i) the economic gain (ii) the example

Possible Answer:

Areas prone to volcanic activity can bring many economic gains which attract people. Precious minerals such as gold, diamonds and sulphur are often found in abundance in these areas such as the Philippines (Mt Pinabubo) and Sicily (Mt Etna), where farmers make a living from crops such as olives, grapes and citrus fruits. The attraction of volcanic environments to tourists, for example the geysers and boiling mud pools of Iceland, provide many job opportunities in the tourism industry. Other economic benefits of volcanic areas includes the provision of a source of cheap geothermal energy (28of Iceland's electricity comes from these sources). Finally, a lack of money can explain why many poor people in LICs still live in volcanic prone areas as they cannot afford to move. 

Damage caused by earthquakes and volcanoes can be prevented by adequate building design, planning and education. How true is this statement, use examples in your answer (6 marks)

Advice:

The question asks about damage caused by BOTH earthquakes and volcanoes - so you must make sure you address both in the answer.

How true is this statement? - you need to be able to give an opinion and back it up using examples

The question ask for examples - therefore unless more than one example is used you will lose marks.

Possible Answer:

Although it is not possible to ensure that earthquakes cause no damage, it is certianly true that adequate building design, planning and education can be used to significantly limit the damage caused by earthquakes (1). Techniques include the use of rubber shock-absorbers between the foundations and the building structure to absorb earth tremors (1), as well as computer controlled counter-weights on roofs to reduce movement. The TransAmerica building in SanFrancisco has been designed with a wide stable base and a steel frame, enabling the building to sway with the movement (1). Automatic shut off switches for electricity and gas can also help to prevent problems of fire following an earthquake (1). Training and education of emergency services and people in earthquake drills (e.g. Japan's 1st Sept disaster prevention day) help people to prepare for the event of an earthquake.(1). Damage caused by volcanoes is harder to prevent through building design but roofs with an angled design can encourage ash not to accumulate which would otherwise cause the roof to collapse (1).

Other points you could have included:

Earthquakes - Strict planning regulations can ensure buildings in earthquake prone areas are not built on unstable land (helping to prevent problems of liquefaction e.g. San Francisco) 

Volcanoes -  lava flows in Mt Etna (Sicily) and Eldfell volcano (Iceland) have been successfully divered - e.g. by use of water sprays and the use of explosives.
 
Choose a volcanic eruption or earthquake you have studied. Explain the causes of the volcanic eruption or earthquake. (6)

San Francisco is located on the San Andreas Fault Line which marks the boundary between the North American and Pacific Plate (a conservative Plate boundary). As the two plates move past each other, pressure builds up due to friction. The earthquake occurred due to the sudden release of the built up pressure. The epicentre of the earthquake was under a mountain known as Loma Prieta, 10 miles NE of the city of Santa Cruz. The 1989 earthquake (measuring 6.9 on the richter scale) was the largest earthquake to have hit California since the 8.2 earthquake of 1906. 

Choose a volcanic eruption or earthquake you have studied. Explain the effects of the volcanic eruption or earthquake. (6)

Your chosen case study must be CLEARLY LOCATED (place specific detail is important - e.g. names of plates and clearly defined geographical location). 

You also need to ensure that you explain the cause of the earthquake (i.e. talk about what is happening at, in the case of Haiti, a conservative / transform boundary.  

Higher Tier

Level 1 (1-2) - a basic answer with descriptive statements

Level 2 (3-5) - a clear answer with level 2 being reached by there being an explanation or a specific point. The top of the leevel requires a range of specific points or a number of explanations or a specific point and an explanation.

Level 3 (6-7) - an explicit answer with a range of specific and explained points. 

The questions clearly asks for EFFECTS (so you will not be credited for talking about the cause in this question) and it is also asks for effects on PEOPLE AND the ENVIRONMENT - you must mention both to ensure access to full marks. 

You MUST also ensure that there is clear PLACE SPECIFIC DETAIL - or you will not be able to access the highest marks. 

Chosen case study: Haiti, 2010
The magnitude 7.0 Haiti earthquake epicenter was shallow and very close to the capital city Port au Prince. This had an impact on the devastation being more serve. This is coupled with the fact that the country is the poorest in the Western hemisphere and so the building quality was very poor making meaning it was easily damaged in the earthquake. Because of the this approx. 220,000 people were killed and 1.5 million more were made homeless. For years after the quake people had to live in make shift tents. Additionally, the economic basis of the country was destroyed (30,000 businesses buildings collaposed) meaning that people lost the income needed to rebuild their lives. In the longer term there were outbreaks of cholera. 
Or......

· Montserrat was devastated by pyroclastic flows. The small population of the island (11,000 people) was evacuated in 1995 to the north of Montserrat as well as to neighbouring islands and the UK. Despite the evacuations, 19 people were killed by the eruptions as a small group of people chose to stay behind to watch over their crops. Volcanic eruptions and lahars have destroyed large areas of Montserrat. The capital, Plymouth, has been covered in layers of ash and mud. Many homes and buildings were destroyed, including the only hospital, the airport and many roads. In the longer term there have been some positive effects new roads and a new airport were built, Services in the north of the island were expanded. The presence of the volcano resulted in a growth in tourism.

 
Explain how the effects of volcanic eruptions are reduced through prediction and prevention. Use examples in your answer.
 

Explain the methods used before and after a natural disaster to limit its effects (6 marks)

Methods that can be used Before:

Emergency drills and evacuation procedures set up and practiced (e.g. Japan    

       1st - emergency drill day)

Fully train emergency teams and have proper rescue equipment available with emergency people trained in use

Earthquake proof buildings and major infrastructure (e.g. bridges - Golden 

       Gate, San Francisco and Transamerica Building, San Francisco)

Seismic monitoring 

Methods that can be used after the disaster:

A well-coordinated relief effort (but relies on prior planning)

LICs need to welcome help from HIC's and Charites as soon as possible

Government needs to co-ordinate a response plan (following Kobe earthquake, government were slow to respond - and effect were worse than could have been)

Outline 3 techniques we can use for monitoring volcanoes (6 marks)

1. Earthquake activity often increases before an eruption due to rising magma forcing its way to the surface (1). Seismometers can be used to measure increasing earthquake activity in volcanic areas and therefore help predict an eruption (1).

2. As magma rises to the surface, it often causes changes in the shape of a volcano (1). Tilt meters or GPS technology can be used to indicate and measure the growth of a bulge on the sides of a volcano (such as that at Mt St Helens - 1980) (1).

3. Rising magma is accompanied by an increase in the gas Sulphur dioxide (1). Gas sampling can be used to monitor levels of Sulphur dioxide, a sudden increase in which may indicate the increased likelihood of a volcanic eruption (1).

Could also talk about:

(i) Geothermal Monitoring - monitoring increasing heat indicating rising magma

(ii) Patterns of past eruptions - can help look at regularity in eruptions to help with prediction. 
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