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Extreme Earth events

Plate Tectonics (PP – Pacific Plate, AP – Australian Plate)
	The Earth is made up of three distinct layers: the crust, mantle, and core. 



	· Crust: The crust is the thin, solid, outermost layer of the Earth. 

	· Mantle: The middle part which has soft rock which flows very slowly. 

	· Core:  The core which is extremely hot. 
Tectonic plates are part of the crust and are constantly on the move. New Zealand straddles a tectonic plate boundary between the Australian and the Pacific plate.



The Earth's Crust - The crust consists of two parts: oceanic and continental crust. 
	Data / Type 
	Oceanic crust 
	Continental crust 

	Crust depth
	thinner, 5 - 12 km
	thicker, average 40km

	Age
	Younger rocks, less than 200 mya 
	Older rocks

	density
	more dense
	less dense and buoyant

	Rock type
	Mainly basalt 
	Granite


Most plates are part continental and part oceanic. 
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Many potentially catastrophic extreme earth events, such as earthquakes, volcanic eruptions, and tsunamis, originate from tectonic plate movements
Have a look at the important map below. This shows:

· The two tectonic plates

· Where there is continental crust and where there is oceanic crust

· Where there is subduction
Key:
Oceanic crust: purple, blue, green

Continental crust: grey, red, orange, large areas of yellow.
O = oceanic
C = continental
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Tectonic plate collisions – there are 3 types of these:

New Zealand straddles the Australian and the Pacific plates which are both colliding with each other and moving laterally past each other.

is important that you know where there is oceanic and where there is continental crust around NZ.

Note that the North Island is all on the Australian Plate but the South Island is on the Pacific and the Australian plate, with the Alpine Fault being the boundary between the two plates.
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Plates colliding:

Plates can collide in two different ways by:
-  one plate descending down under the other – this is called subduction and causes volcanoes and deep off shore trenches to be formed. 
-  both plates crumpling upwards – this causes mountains to be built
The type of crust makes a difference too.  Remember, oceanic crust is dense and continental crust is buoyant. So oceanic crust will sink or subduct when plates collide. Continental crust will rise up.

Important geological features in and around New Zealand:
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a. Oceanic crust subducting under oceanic crust

    This occurs in two places:
    -  to the north of NZ where the PP subducts under the AP forming the Kermadec trench, 
       ridge and volcanoes. The PP has travelled further and so is older and denser, which is why it 
       subducts. 
    -  to the south of NZ where the AP subducts under the PP forming the Puyseger trench.
When two oceanic plates collide, the plate that is older, therefore colder and denser is the one that will sink. This drags down the other dense oceanic plate forming a very deep sea trench – the Kermadec trench and the Puyseger trench.
Whenever subduction occurs volcanoes usually form. Most of the Kermadec volcanoes are under water, only a very few are above water. There is only one volcano at the bottom of the SI, a small extinct one called Solander Island.

Volcanoes form when the subducting oceanic plate sinks deeply and huge temperature and pressure causes magma to form. The magma makes its way upwards and breaks through the Earth's surface. Gasses, lava and ash explode out forming volcanoes. 

Note: subduction volcanoes are nearly always parallel to the tectonic plate boundary. The Taupo volcanoes plus the Kermadec volcanoes are all parallel.
b. Oceanic crust subducting under continental crust 

    This also occurs in two places:
    -  off the east coast of the NI where the PP subducts under the AP forming the Hikurangi trough 
       and the Taupo zone volcanoes.      
    -  at the bottom of the SI where the AP subducts under the PP pushing up Fiordland.
When dense oceanic crust and buoyant continental crust meet the oceanic plate sinks, pulling down the continental crust to form a trench. 
Whenever subduction occurs volcanoes usually form. There is only one volcano at the bottom of the SI, a small extinct one called Solander Island. There may be more in the future. 
Cross section showing Taupo Volcanic zone in the North Island.
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c. Continental crust colliding with continental crust 
This is found along most of the South Island and results in the formation of the Southern Alps. 
When two buoyant continental plates collide there is no subduction because neither the PP nor the AP can sink. So very high and sharply pointed mountains are formed by solid rock being folded and faulted. 
The PP actually rides up over the AP to form the Southern Alps because the Alpine Fault is a huge deep crack in the ground. The AP is slightly uplifted but not nearly as much as the PP.
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   Transform (lateral) plate boundaries 

· The Alpine Fault is a transform fault. At transform plate boundaries plates move sideways. 

· Huge stresses build up due to friction between the two surfaces which is released as an earthquake.  

· The movement may occur horizontally and vertically by up to several metres.

· The vertical movement has also helped increase the height of the Southern Alps
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Volcanoes.
Volcanoes are made by two processes:

· Subduction: When the edge of one plate subducts under the edge of another plate rock melts (with the help of subducted water) forming magma which forces its way up through vents in the crust forming volcanoes. The volcanoes of the Taupo volcanic zone, Mt Taranaki and the Kermadec volcanoes are subduction ones. 
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Hot Spots: Some volcanoes are found away from a plate edge above a hot spot in the mantle. A plume of magma from deep within the mantle forces its way to the surface through a vent in the crust. The Auckland volcanic field is a hot spot.
Volcanic eruptions can be anything from very gentle to extremely violent, depending on: 

· The stickiness of the magma. Magma is rock melted under the ground. (Lava is erupted molten rock). Its temperature can vary from 700oC – 1200oC. The viscosity (stickiness) of the magma affects how it flows. The greater the amount of silica in magma, the stickier (or viscous) the magma is and the less it can flow. 
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The amount of dissolved gases in the magma. As magma rises, gases, (mainly water vapour and carbon dioxide), that were dissolved in the magma come out of solution and form bubbles. The bubbles make the magma less dense, so that it keeps on moving up. As they rise, the gas bubbles get bigger and cause pressure on the magma chamber of the volcano and on the ground above, forming cracks in the ground. The magma rushes up these cracks leading to the surface. When the magma gets to the surface the gas bubbles burst their way out into the air, shattering the surrounding rock. 
The greater the amount of gases trapped in the original rock the more violent the explosion.
http://science-at-home.org/more-about-volcanoes/ 
Types of magma:

	Type of magma
	Amount of silica
	viscosity
	Temp-erature


	Amount of gas
	Shape of volcano and eruption style

	Basaltic
	45 – 55%
	runny
	Higher

1000 – 1200oC
	lower
	Shield – gentle e.g. Rangitoto

	Andesitic
	55 – 65%
	sticky
	800 – 

1000 oC
	higher
	Cone – explosive e.g. Ngarahoe, Ruapehu

	Rhyolitic
	65 – 75% 
	very sticky
	lower

650 - 800 oC
	highest
	Caldera or dome depending on amount of gas in magma

Caldera – extremely explosive
Dome – gentle and slow as very little gas in the magma




The Auckland Volcanoes: 

The city of Auckland sits on top of an active volcanic field. 

A volcanic field is found on top of a hot spot which supplies magma to the volcanic field.


The magma comes from a plume of hot rock rising up out of the mantle, coming from about a hundred km below the Earth’s surface. The magma is hot and moves quickly upwards. It has a low amount of silica in it, making the magma runny.

Every few 100 or 1000 years, a blob of magma breaks off from the hot spot and forces its way up towards a weak place in the Earth’s crust – right under Auckland. 
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If magma comes into contact with surface water, it causes violent explosions. 

[image: image26.png]


In volcanic fields such as Auckland small eruptions occur over a wide area and over thousands of years. Each eruption builds a new single volcano, which does not erupt again.
Effects of an eruption on Auckland:
· The first sign of an impending eruption is ground tremors, as the magma rises, recorded on seismometers.

· Volcanic earthquakes will damage buildings as the magma rises.

· The formation of the volcano will destroy everything close to the vent. 
· Ground-hugging steam and solid particles will very quickly cover areas up to 5 km away
· Lava will set buildings alight and fires could spread underground through buried service networks.

· Lava flows could travel up to 10 kilometres from the vent, covering everything in their path. 
· The ash from the eruption column will halt air traffic, bury crops and cause severe distress to those with respiratory problems
· Magma coming up under water would cause violent explosions called phreatomagmatic eruptions.
Shield volcanoes – basalt magma – commonly found in hot spots
[image: image27.emf]
· These types of volcanoes are hot spot volcanoes.

· Shield volcanoes are built mainly of silica poor basalt

· The eruptions are gentle because gas can fizz out easily and the magma is runny.

· Because the magma is runny and so hot it travels a long way before cooling. Therefore the magma builds up volcanoes with gentle slopes.

· Many of the volcanoes in the Auckland volcanic field are shield volcanoes, e.g. Rangitoto.
Subduction volcanoes:

1. The deeper the rocks subduct the hotter the rocks get because the temperature of the Earth increases the deeper you go, 1oC for every 100 metres.
 

2. Watery laden sediments accumulated from the bottom of the ocean are subducted with the oceanic crust. The water is squeezed out at great depth. This water is super-heated and lowers the melting point of the rock around it forming a slurry of melted and unmelted rock (partial melting). The greater the amount of sediment the higher the silica.

3. This is true for both andesitic and rhyolitic volcanoes, which are the types of volcanoes commonly found at subduction zones. 


Cone or stratovolcanoes – andesite magma 

· [image: image28.jpg]Shield Volcano




Cone volcanoes are made up of andesitic lava which has an intermediate amount of silica.
· The lava is semi-sticky and cooler than basaltic lava which means that it is not so runny and it cools more quickly. 
· Eruptions can be gentle, erupting lava, or explosive, erupting a pyroclastic flow of hot ash. The cone is formed when layers of lava and ash build up over time.
· Examples of andesite volcanoes are Ruapehu, White Island, Ngauruhoe and Taranaki.
· These are subduction volcanoes. 
Caldera and dome volcanoes – rhyolite lava

[image: image29.emf]These are found in the Taupo Volcanic zone (TVC)

This diagram shows:

· the thinner crust under the Taupo volcanic zone

· the ponding of molten magma under the crust – this is a very large heat source.

Also note zone of partial melting and how how the magma plume goes up through mantle before reaching the crust
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Caldera volcanoes:

· Calderas generally erupt rhyolite lava.
· Rhyolitic lava is high in silica and is very viscous (sticky). 
· Eruptions are very violent because gas bubbles find it hard to escape the sticky magma. 
· As magma rises, gases that were dissolved in the original rocks or sediment come out of solution and form bubbles. The bubbles lower the density of the magma, so that it keeps on moving up.

· The rapidly expanding gas bubbles cause pressure in the magma chamber and on the ground above, helping to form cracks in the ground. The magma rushes up these cracks leading to the surface. 

· When the magma gets to the surface the gas bubbles burst their way out into the air, shattering the surrounding rock. The greater the amount of gases (mainly water vapour and carbon dioxide), the more violent is the explosion.
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How a caldera forms:

-   Magma rises towards the surface as it becomes less dense, because it is full of gas bubbles which expand as the magma rises. 
- This puts pressure on the ground above which starts to fracture.
- The magma finds a weak point and the volcano erupts violently sending a huge pyroclastic flow and enormous ash clouds out. The crust above is blasted open. 
- The magma chamber empties and the  roof collapses leaving a giant crater – a caldera. 
- An ignimbrite sheet forms as the pyroclastic flow welds together, covering everything for tens or hundreds of kilometres in all directions. 
- Gradually the caldera fills with water and forms a lake.
Caldera volcanoes such as Taupo and Okataina have infrequent but large eruptions. The eruptions that create calderas create super craters 10-25 km in diameter and deposit cubic kilometres of ash and pumice.
[image: image32.png]Finding Epicentres

* seismographs are used
to pinpoint epicentres

* time lag between P and
S waves is measured

- distance to epicentre
can be worked out,
but not the direction

- data from three sites is

needed to fix location

Teacher Guide ll Select a Topicll'Next Topic f'Handout i Previews End




Lahars:
Lahars are mudflows of water, volcanic ash, and volcanic rocks that occur often a long time after the actual eruption of a volcano, especially a cone volcano. Melting snow and rain can form lakes that sit heavily and uneasily in crater lakes such as on Mount Ruapehu. If the volcanic lake breaks through the surrounding rock, a lahar pours down the volcano’s flank, often moving very fast. 
Lahars are an ongoing threat to those living around New Zealand’s Mount Ruapehu. 

Earthquakes - volcanic

Volcanic activity can produce earthquakes because before an eruption magma and volcanic gases move up towards the surface. These can generate volcanic tremors by shaking and breaking the surrounding rock
The movement of magma under the ground can be detected by detecting these earthquakes, measuring any ground swelling and detecting volcanic gases.
Earthquakes – tectonic, when two plates meet
· Earthquakes are frequent in New Zealand because NZ straddles the boundary between the Pacific and Australian Plates.


· When tectonic plates collide the crust slowly distorts and stress builds up over many years until the crust cracks. These cracks are faults. They may be close to the tectonic plate boundary or far away. Tectonic plates move very slowly all the time, faults may move only once every 1000s of years. 


· Many faults have developed, all over the country, to relieve the stress between the plates.


· Earthquakes occur when the blocks of rock on either side of a fault abruptly shift to a new position in just a few seconds. This sudden release of energy sends out seismic waves, which are felt as an earthquake. Shaking usually occurs for less than a minute.


· The strength of the quake depends how much of the fault that has shifted, the amount of movement and the amount of elastic potential energy built up along the fault over time.


After the initial earthquake aftershocks occur nearby as the earth adjusts to the dislocation of land along the fault. Aftershocks may occur for a long time after a large earthquake. Other fault lines may be affected also and move.
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Diagram showing shallow and deep earthquakes caused by a subducting plate. The plate is brittle where it subducts so it cracks easily forming shallow earthquakes.

Sometimes the subducting plate abruptly shoves its way further under the overlying plate. This is a subduction thrust earthquake and can produce very powerful earthquakes e.g. Japan 2011.
The 3 types of Faults             Epicentre and focus
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The Alpine Fault
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Note: the deeper the earthquake the less dangerous it is compared to a shallow one of the same magnitude.

    
Shallow earthquakes:

These are distributed over more of the country. 


Note that there are also shallow earthquakes in the region of the Alpine Fault because there is no subduction.

Measuring earthquake strength.
Seismograms are used to determine the location and magnitude of earthquakes.
· An earthquake's magnitude is the amount of energy released at the focus. 
· The primary, or P, waves travel most quickly and are the first to be registered by the seismograph. 
· Secondary, or S, waves travel more slowly.





· By measuring the time interval between the arrivals of the P and S waves the distance between the seismograph and the origin of the earthquake can be calculated. Magnitude is then worked out from the amplitude of the waves on the seismogram and the distance of the earthquake from the seismograph.


· There is also a third kind of wave, called surface waves, which travel over the earth's surface. These are the slowest waves. They are generally the largest waves to appear on seismograms of distant earthquakes.


Determining the epicentre of an earthquake:
As earthquake waves travel outward from the epicentre, they lose energy and the shaking gradually diminishes in intensity. 

Seismic waves




The two scales for measuring earthquakes

Earthquake waves lose energy as they travel outward from the source of the earthquake. The shaking they cause gradually diminishes in intensity. Shallow earthquakes, beginning near the surface, cause more severe shaking and damage than deep earthquakes of the same magnitude.

The Richter scale – measures energy released in an earthquake

· An earthquake’s magnitude is the energy released by an earthquake at its focus. 
· Magnitude is determined from the shaking recorded on a seismograph - from the largest ‘wiggle’.
· The Richter scale allows easy comparison of earthquake magnitudes, regardless of the location.
Modified Mercalli scale - measures earthquake shaking:
· This scale ranks the severity of shaking by its effects on people, buildings and the environment.

· This scale isn't as scientific as the Richter scale. Some witnesses of the earthquake might exaggerate and often two witnesses can’t agree on what happened. 
Effect of Bedrock 

The damage caused by earthquakes depends in part on the type of ground beneath buildings. Bedrock generally shakes the least, while soft sediment or artificial fill can amplify shaking. Some loose, water-saturated soils may even liquefy, producing geysers of sand or mud. Buildings on liquefied soils may settle or list like ships.

Effect of building design: Buildings that aren’t earthquake proof will suffer the most damage.
The distance from the epicentre also makes a difference; the further away you are from the epicentre the less shaking is felt and damage will be less.


Tsunamis

A tsunami is a series of ocean waves that sends surges of water, sometimes reaching heights of over 30 m, onto land. These walls of water can cause widespread destruction when they crash ashore.
A tsunami results when a major geological event happens under a sea, ocean or lake to displace large volumes of water. Mayor events that could cause tsunamis around New Zealand would be: 

· Off shore earthquakes 
· Volcanic eruptions 

· landslides that slide into the water or submarine landslides 

 

The seafloor is uplifted and dropped, displacing the entire water column.  Potential energy is transformed into kinetic energy. 

As tsunami travels towards land the waves slow down, and the wave gets very steep. The first part of the wave reaching the shore is a trough, which is why the sea recedes far from shore- a common natural warning sign. 


Tsunami surges occur when a peak in the tsunami wave travels onto the shore. Run-up is the height of the water onshore above normal sea level.


Most tsunamis do not result in giant breaking waves but are like very strong and fast-moving tides causing strong surges and rapid changes in sea level. Damage and deaths are caused by strong currents and floating debris. Tsunamis will often travel much farther inland than normal waves. 
In deep ocean, tsunami waves may appear only a foot or so high. But as they approach shoreline and enter shallower water they slow down and begin to grow in energy and height. The tops of the waves move faster than their bottoms do, which causes them to rise precipitously.


Possible causes of tsunamis around NZ:
1. Fault line movement: When a fault line breaks movement up or down of the fault can cause tsunamis if they happen with enough force under water. E.g. Boxing Day tsunami.

2. Tectonic plate movement: When an oceanic plate is subducting under a lighter continental plate, the lighter plate may suddenly "snap up" sending tons of rock shooting upward with tremendous force. This results in an earthquake and a huge displacement of water. The energy of that force transfers to the water and pushes the water upward above normal sea level. This causes the tsunami. 
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3. Volcanic eruptions:
Volcanoes produce tsunamis in different ways. The ways that could happen around New Zealand are:

· Volcanic earthquakes 
· undersea eruptions
· caldera collapse 
· landslides or lahars 
Once the water is displaced tsunamis act the same as earthquake or landslide ones. 

3. Landslides or submarine avalanches:
· A landslide into Charles Sound during the 2003 Fiordland earthquake created a wave that inundated forest 4 to 5 metres above high tide, and damaged a wharf. 
· Much larger tsunamis may have been triggered by huge submarine landslides off the edges of New Zealand’s continental shelf.
· Continental slopes are the steep slopes between the continental shelf and the surrounding ocean basins. In some places they are covered with sediment (eroded material) flowing out from rivers.

Huge canyons cut deep into the continental slope around New Zealand. Most have been carved by avalanches of sand and mud dumped at the canyon heads. 

The Kaikōura Canyon is 1000m deep. 

· Sediment swept north is trapped by the Kaikōura Canyon. 
· Every few 100 years earthquakes cause massive underwater avalanches.
· The sediment falls down the slope and mixes with water, forming a muddy current. 
· Water is displaced causing a tsunami 

· New Zealand’s continental slope is not stable because sediments eroded from the land are collecting there. Water and strong earthquakes cause the steep underwater slopes to crumble and slip. 

[image: image9][image: image10][image: image11]
The land by the coast is crumpled up from the force of the subducting plate.











Crust is thin at TVZ making the volcanoes more violent because the magma has less distance to travel, and because of the large pool of magma under this area.





Major sideways movement along the Alpine Fault has displaced rocks on either side of the fault.


Over 15–20 millions years, rocks have moved apart 480 km


This separation is dramatically seen by the fact that Dunn mountain, top photo, and the Red Hills in Fiordland, bottom photo, contain rocks that were once in the same place. 








�





Dome volcanoes:


These are made from degassed rhyolitic magma. 


Rhyolitic magma is very viscous. When no gas is trapped in the magma the eruptions are very gentle.


The thick sticky magma oozes out (like toothpaste) and forms dome shaped volcanoes. 


Examples are the domes of Mount Tawarewa and Mt Maunganui
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Volcanic eruptions hazards of TVZ or Mount Taranaki: �


Ash clouds that may disrupt flight e.g. Ruapehu


Lahars e.g. Tangiwai disaster


Pyroclastic flows, e.g. Taupo


Loss of life from geothermal activity


Earthquakes


Lava flows


Ash burying people and buildings e.g. Tarawera


Increase in height lakes and rivers from magma chambers expanding, e.g. Taupo


Toxic fumes
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Strike-slip - also called a lateral fault. The movement is horizontal.








Normal fault – the land has slumped downwards and away from the block on the other side








Thrust or reverse fault – the two blocks are driven together, forcing one side to climb up the sloping fault face and overlap the other.





�





The focus is where the fault initially ruptures under the ground. 


The epicentre is where the earthquake waves first reach the surface.














In the central South Island, the colliding AP and PP are both thick continental crust, so one plate cannot sink under the other.�


There is no subduction so no deep earthquakes are occurring.�


The crust of the PP is being buckled and forced upward, forming the Southern Alps. �


Alpine Fault is the boundary between the PP and AP where the two plates push past each other sideways.  They also push together with such force that the PP overrides the AP, so the Southern Alps are east of the Alpine Fault.�


Earthquakes along the Alpine Fault are often been very large – the last was about 1717 AD, with movement along 375 km of the fault.�


�


�








Deep earthquakes





The further the Pacific plate subducts towards the northwest of the North Island, the deeper the earthquakes get. �


The deeper earthquakes are closer together showing that the PP is dipping more steeply.�


Earthquakes can occur all along the surface of the subducting plate. �


The bands run parallel to the tectonic late boundary where subduction is occurring�


There is a gap in deep earthquake activity which coincides with the Alpine Fault.  This is because there is no plate subducting.�


Earthquakes beneath Fiordland show that the subduction zone dips towards the east�


�
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The first wave you feel in an earthquake is the P wave or primary wave. 


Fastest kind of seismic wave - about 20 000 km/hr.� 


Objects on the surface move backwards and forwards in the direction of the wave movement.


The roar that may precede an earthquake is caused by “P” waves.











�





The second wave to arrive is the S wave or secondary wave which travels about 10 00 km/hr. 


An S wave is slower than a P wave. 


This wave moves rock up and down, or side-to-side. The objects move at 90o to the direction of the wave movement.








�





Liquefaction:�


Liquefaction often happens in saturated, loose, sandy soils, that is, soils in which the space between individual particles is completely filled with water. This water affects how tightly the soil particles are pressed together. Before an earthquake the soil particles stick together so that buildings can be built on the soil.  However, earthquake shaking causes the strength of the soil to decrease and the ability of soil to support foundations for buildings and bridges is reduced.
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