Tectonic hazard physical impacts
PRE-RELEASE INFORMATION
Explore the varying impact of both volcanic (extrusive and intrusive) and seismic processes on landscapes

Research different locations to draw out the importance of tectonic activity in creating contrasting landscapes
Enquiry question: What impact does tectonic activity have on landscapes and why does this impact vary?

	What you need to learn
	Further information

	The varying impact of extrusive igneous activity, including the formation of volcanic cones, fissures and lava plateaus
	Developing an awareness as to why extrusive igneous activity varies from place to place and investigating why this produces a range of landscape impacts

	The formation and morphology of different types of volcano and the characteristics of different types of eruption.  How these variations link to the processes at different plate margins and at hotspots
	Investigating differences in the morphology and eruption characteristics of different types of volcano

	The varying impact of intrusive igneous activity, both major and minor
	Examining the range of major and minor features of intrusive activity can have impacts on the surface landscape features

	The effects that earthquakes can have on landscapes, such as fault lines, rift valleys and ground displacement, and the stresses and forces the ground is subjected to during such activity
	Researching the varying impact of earthquakes, including analysis of the stresses giving rise to faults


EXTRUSIVE IGNEOUS ACTIVITY

	Landforms, landscapes and processes
	Possible case studies

	Volcanic Cones
	Osorno volcano, Chile; Kiluaea, Hawaii

	Cinder cones
	Parícutin, Mexico; Sunset Crater, Arizona, USA

	Fissure vents
	Rift Valley, Africa

	Lava plateau
	Deccan plateau, India; Antrim Plateau, N Ireland

	Lava domes
	Lassen Peak; Mount St Helens; Chaitén Volcano, Peru

	Cryptodomes 
	Mount St Helens, USA

	Geysers
	Old Faithful and Steamboat, Yellowstone NP; Strokkur, Iceland


PLATE MARGINS AND TYPES OF VOLCANO (EXTRUSIVE LANDFORM)
	Landforms, landscapes and processes
	Possible case studies

	Shield volcano
	Kiluaea and Mauna Loa, Hawaii

	Composite volcano (stratovolcano)
	Mayon Volcano; Krakatoa; Mt Fiji; recent example Mt Merapi, Indonesia

	Caldera Volcano
	Glen Coe, Scotland; Yellowstone NP, USA

	Island arcs
	Aleutian Islands, Alaska

	Hotspot
	Mauna Loa, Hawaiian Islands; Reunion Island, off coast east Africa; Afar

	Convergent plate margin (destructive)
	Mid Atlantic Ridge; Icelandic volcanoes Hekla and Heimaey, recent example of Eyjafjallajökull

	Divergent plate margin (constructive)
	West coast S America, Cotopaxi and Nevada del Ruiz


TYPES OF ERUPTION
For more extensive list, see the separate ‘types of eruption’ table.
	Landforms, landscapes and processes
	Possible case studies

	Basaltic
	Hawaii; Iceland

	Andesitic
	Andes; Montserrat

	Rhyolitic
	Yellowstone; Himalayas


INTRUSIVE IGNEOUS ACTIVITY

	Landforms, landscapes and processes
	Possible case studies

	Batholiths
	Isle of Arran, Scotland; Dartmoor Tors

	Sills
	Drumadoon, Isle of Arran

	Dykes (Dikes)
	Kildonan, Isle of Arran

	Lopoliths
	Bushland lapolith in the Transvaal province of South Africa

	Laccolith
	Judith Mountains, Montana

	Stock
	Judith Mountains, Montana


EARTHQUAKES

	Landforms, landscapes and processes
	Possible case studies

	Fault lines
	San Andreas Fault, California; North Anatolian Fault; Dead Sea Fault System; Highland Boundary Fault

	Thrust Faults
	Moine Thrust Belt, Scotland

	Rift valleys
	East Africa Rift Valley; Rio Grande Rift. N America; European Rhine Graben

	Ground displacement
	Haiti; Northridge earthquake, USA

	Fold mountains
	Himalayas; Jura mountains; Lulworth Crumple (small scale!)

	Conservative plate margin
	San Andreas Fault, California


PHYSICAL IMPACTS OF TECTONIC ACTIVITY

EXTRUSIVE IGNEOUS ACTIVITY

The outpouring of material from the Earth’s crust produces a variety of landforms, the most significant of which are volcanoes and lava plateaux.  Their global distribution is largely determined by the pattern of tectonic plates.  Their impact on the landscape depends on a number of factors, including the magnitude and scale of the event(s) causing them and the types of material being extruded.

Lava plateau

The lava plateau is usually an extensive area of basaltic lava, often with a layered structure.  It is formed by major eruptions from vents or, more usually, from a fissure.  The layered structure is caused by the accumulation of lava from a series of eruptions over a period of time.  The plateau itself tends to be flat and featureless, with limited soil and vegetation cover.  Eruptions from oceanic ridges produce huge abyssal plains on the sea floor.

EXAMPLE: The Deccan
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The Deccan plateau of India is an excellent example of an extrusive landform.  It is a huge expanse of lava covering 700 000 km².  It consists of 29 lava flows, which have recently been dated and found to have all occurred within a time span of less than 2 million years during the Cretaceous period.  It is suggested that this may have been the result of a series of major eruptions from a mantle plume of rising magma.  The volcanic hot spot that produced the Deccan is thought to have been under the present-day island of Réunion in the Indian Ocean.  The plateau lies at about 700-900 m above sea level and has a number of major river valleys, such as the Wardha and Manjira, cutting down into it.

Volcanoes

[image: image2.jpg]


Volcanoes occur in a series of broad bands.  These tend to be either along the edge of continental land masses, for example the west coast of South America (including Cotopaxi and Nevada del Ruiz), or through the middle of oceans, such as along the mid-Atlantic (including the Icelandic volcanoes Hekla and Heimaey).  There are exceptions to this pattern, for example the volcanoes of the Hawaiian Islands (such as Mauna Loa), which are more isolated.  This pattern can largely be explained by the position of the various types of plate margin, as volcanoes are produced at divergent and convergent margins, as well as at hot spots.

Types of volcano
The type of volcano produced by eruptions depends on the type of lava erupted and the nature of the eruptions themselves.  These in turn are greatly influenced by the type of plate margin on which they are formed.

At divergent margins

Divergent plate margins tend to give rise to fissure eruptions and shield volcanoes.  Fissure eruptions occur along fault and fracture lines, while shield volcanoes erupt from a vent.  Shield volcanoes are typically low in height with long, gently sloping sides and a wide base.  The lava that erupts from them is usually mafic (or basaltic), which means it has a long viscosity due to its low (45-52%) silica content.  Being quite fluid and hot (about 1 200°C), this lava flows quite quickly and covers long distances before it cools and solidifies, which explains the shape of the cone.  Eruptions are frequent but low in magnitude – magma is able to reach the surface relatively easily since the plates are diverging and the crust is fracturing.  This means that there is seldom a great build-up of pressure.  Such volcanoes also occur at hot spots.

At convergent margins

Volcanoes at convergent margins are different in character with contrasting cone shapes as a result.  Eruptions tend to be less frequent and much more explosive.  Rising magma here often has a much greater thickness of crust through which to pass, and fractures providing easy routeways tend to be less common.  The lava itself is typically intermediate or silicic, with more than 50% silica content.  This, allied to a lower temperature of about 800°C, makes it much thicker and more viscous.  It flows slowly and cools quickly, giving rise to a cone with a narrow base and a greater height.

Sometimes these have secondary or parasitic cones on their sides.  These form when the passage of rising magma through the main vent is blocked, probably as a result of magma from earlier eruptions solidifying in the vent before it can escape.  Pressure builds up and the magma forces its way through cracks in the sides of the vent.

These volcanoes are often composite in their structure, with alternating layers of ash and lava.  The ash is produced by a highly explosive eruption, often after blocking of the vent, fragmenting parts of the cone or the plug of solidified magma.  

There is no volcanic activity at conservative or collision margins, as no new crust is being created by rising magma or through the destruction of existing crust by subduction.

INSTRUSIVE IGNEOUS ACTIVITY

Instrusive landforms are formed by magma rising towards the surface but cooling and solidifying before being extruded onto the surface.  This is likely to be the case if magma is rising slowly, if there is a great thickness of crust to pass through, and if there are few weaknesses in the crust through which it can flow easily.  The magma cools slowly as it is not exposed to the air, and so mineral crystals, for example quartz in granite, grow to a large size.
Batholiths

Batholiths are large masses of intrusive rock that may cause a general doming-up of the surface as they are forming.  However, they are only exposed after the gradual weathering and erosion of the less resistant overlying country rock.  This is facilitated by the fractures and cracks formed at the surface as it is stretched during uplift.  The heat transferred from the magma to the country rock causes metamorphic rock to be produced around the intruding magma.  Examples of this include sandstone being metamorphosed into quartzite, and limestone into marble.

Sills

Sills are intrusions that are formed parallel to bedding planes in the country rock (ie concordant), often, but not always, lying horizontally.  The bedding planes provide a line of weakness along which the magma flows before cooling and solidifying.  As it cools, the magma contracts, producing cracks in the resultant rock.

Dykes

Dykes are discordant because they cut across the bedding planes of the country rock, often vertically.  Magma flows through cracks and weaknesses but again cools and solidifies before reaching the surface.  Contraction joints develop parallel to the surface as the magma solidifies.  Once exposed, the dykes can appear as linear outcrops of resistant rock.

The surface landscape impacts of intrusive igneous activity

[image: image3.jpg]


The Isle of Arran off the west coast of Scotland was created by the intrusion of a large granite batholiths that domed the sandstone surface about 60 million years ago as Greenland separated from Scotland during the creation of the Atlantic Ocean.  The fractured overlying sandstone and metamorphic schists have subsequently been weathered and eroded to expose the resistant granite, peaking at a height of 874 m on Goat Fell.  A series of dykes, 2-3 m wide, are exposed across the beach at Kildonan, looking rather like natural rock groynes.  At Drumadoon a sill has been exposed on the coast, forming a cliff 50 m high.







