Volcanoes
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· Most destructive volcano in Japan, located in the South-western corner of the country
· Erupted 200 years ago killing 15,000 people
· Lay dormant til June 3, 1991 when it erupted (20,000 ppl evacuated)
· By 1993, it had produced0.2km3 of lava ad more than 10,000 superheated flows of hot gas, ash and lava (more than any other volcano recent times)
· Also produced lahars (volcanic debris and water) they made a channel for them but they overflowed
· 1991 eruption had precursors, two hazardous processes (Lahars and pyroclastic flows) and evacuation of thousands of people reduced loss of life
(4.1) Introduction to Volcanoes
· Most active volcanoes are located near tectonic plate boundaries
· Mid-ocean ridges and Subduction zones are sites where molten rock (magma) reaches the surface and erupts as lava 
· 2/3 of all volcanoes are located around the pacific ring of fire (borders pacific ocean), they lie in Subduction zones bordering the Pacific, Nazca, Cocos, Philippine and Juan de Fuca plates
Magma
· Magma is composed of melted silicate minerals and dissolved gases
· Main elements are:
· Oxygen
· Silicon
· Aluminum
· Iron
· Magnesium
· Calcium
· Sodium
· Potassium
· Two most abundant are Silicon and Oxygen (Silica SiO2
· Names Geologists apply to volcanic rocks depends on amount of silica contained
· Basalt (most common volcanic rock on Earth) - 45-52%
· Andesite – 52-63%
· Dacite – 63-68% 
· Rhyolite – over 68%
· Magma also contains small but significant amounts  of dissolved gases, mostly water vapour and carbon  dioxide
Volcano Types
· Volcanoes have different shapes and eruptive styles that are related to the chemistry and viscosity of their magma
· Magma viscosity is determined by silica content and temperature
· High silica contents are cooler (800°c) and have more dissolved gases (2-5%) 
· Low silica contents move towards earth’s surface and experience lower pressure at shallow depths, dissolved gases come out of solution
· Rapid degasing of high viscosity magmas trigger explosive eruptions/ Low viscosity reach surface just flow

Shield Volcanoes
· Largest volcanoes on earth with broad summits and gently sloping sides
· Common on Hawaiian islands and in Iceland 
· Generally have non-explosive eruptions of very hot, low viscosity, basaltic magmas
· Magmas come from mantle and have not mixed with silica and gas rich magmas from continental crust
· Also have not undergone fractionation which involves progressive crystallization which cools the magma
· As fractionation processed, the magma becomes even more enriched with silica (more viscous etc..) evolving through the type of rock Basalt => Dacite
· Basaltic magma erupts as lava through opening or vents in the volcano and flows down it’s sides, sometimes for kilometers
· Shield Volcanoes in Canada ( Mount Edziza northern BC, the Ilgachuz range in central BC
· Sometimes fragmented debris called tephra can be erupted, particles range from fine dust to sand sized ash to gravel sized lapilli and black and bombs larger than 64mm
· Accumulations of tephra are called pyroclastic deposits and cemented or fused, deposits are called pyroclastic rocks
· Lava can flow through underground lava tubes, tube walls keep the magma hot and fluid
· Lava tubes form natural conduits for movement of groundwater

Composite Volcanoes
· Also called Stratovolcanoes, Mount Fuji, Mount Rainier and Volcan Osorno are examples
· Stratovolcano is derived from the interlayered lavas and pyroclastic deposits that characterize these conical shaped babies
· Erupt less frequently than shield volcanoes but are more explosive
· Lava is more silica rich and viscous, doesn’t flow too far
· Many active volcanoes in Alaska, Washington and Oregon are Stratovolcanoes
· Stratovolcanoes have been responsible for most of the death and destruction caused by volcanoes throughout history
· Mount St. Helens and Mount Vesuvius (armed and dangerous)

Volcanic Domes
· Lassen peak and Mono Craters are examples
· Steep sided mounds of lava that form around vents from the eruption of viscous, silica rich magmas
· Most recent eruptions are from Lassen Peak between 1924-1917, lateral blast

Cinder Cones
· Relatively small volcanoes made of nut-to fist sized pieces of red or black basalt
· Round to over in surface form and commonly have a crater at the top
· Tephra from extinct cinder cones is lava rock used in commercial landscaping
· Found on the flanks of larger volcanoes, along some normal faults and along cracks or fissures
· Itzicurao Valley February 1943
· Several weeks of earthquakes and thunderous sounds underground
· Hole in ground grew in 5 days to a 100m high cinder cone
· By June it was 400m high 
· Within a decade it became extinct but lava flowed through nearby village of San Juan Parangaricutira
· During 9 years of eruption, produced over 1Billion m3 of Ash and 700 million m3 of Magma
· Crops failed and livestock died

Maars
· Violent interaction between magma and groundwater
· Conversion of water to steam causes an explosion that forms a crater similar to a meteorite impact

Ice-Contact Volcanoes
· Many volcanoes and lava flows erupt beneath or against glaciers
· Several active volcanoes lie beneath ice caps in Iceland, can erupt and cause huge outburst floods
· Have odd shapes due to rapid cooling of lava coming into contact with ice
· Rapid cooling of lava produced forms called pillows, which broke up as they rolled down the slopes, forming deposits called pillow breccias
· Sub glacial mounds created where eruptions did not melt ice
· Steep sided-flat topped volcanoes called tuyas (in Iceland table mountains)
 

Volcano Types
· Volcanoes/ Volcanic areas often include craters, calderas, volcanic vents, geysers and hot springs
Craters, Calderas and Vents
· Craters are depressions at the tops of volcanoes that form by explosion or collapse of the summit area
· Usually  hundreds of meters to a couple of kilometers in diameter
· Calderas are circular to oval depressions that occur during explosive ejection of magma and subsequent collapse of a volcano
· Caldera forming eruptions are the largest and most deadly type of eruption but are rare
· Eruptions that produce calderas several kilometres in diameter occur on average every 200-1000 years
· Volcanic Vents are opening through which lava and pyroclastic debris erupt
· Some vents are circular whist others are elongated cracks called fissures
· Extensive fissure eruptions have produced horizontal lava flows called flood basalts
· Thick flood basalts underlie about 150,000km2 of the interior plateaus  of southern BC

Hot Springs and Geysers
· Groundwater becomes heated when it comes into contact with hot rock
· Hot water can discharge at the surface  as a hot spring or thermal spring
· Less commonly water boils in underground chambers to produce periodic, steam-driven release of steam called Geysers
Resurgent Calderas and Super Eruptions
· Calderas dozens of km across are produced by very rare but extremely violent eruptions called Super Eruptions, originate from Super Volcanoes 
· Larger than any volcano in historic times, can produce 1000km3 of ash and rock, volume is 1000 times more than St Helens
· Super eruptions occur when large volume of magma rises shallow depths in the crust over a mantle hotspot, pressure builds until crust cannot contain it and it erupt
· Commonly occur at convergent plate boundaries
· 10 eruptions have occurred in the past million years
· Ash deposits can be 100m thick at places
· Toba Caldera is the site of the largest super eruption of the past 2 million years, caldera is 30km wide and 100km long, formed 750,000 years ago when 2800km3 of pyroclastic material was blown into atmosphere
· Sea surface temp levels dropped by 3-3.5°C for 6 years
· May of caused nearly complete deforestation of south-eastern Asia, dropped human population to near extinction (between 2000-20,000 people after event)
· Largest caldera forming eruption in North America was about 600,000 years ago at Yellowstone
· Caldera producing eruption can develop quickly in a few days to a few months
· Subsequent intermittent volcanic activity can linger for 1 million years
· Yellowstone event produced  hot springs and geysers, considered resurgent caldera because their floors have slowly domed upward since
· Concept of large igneous provinces which are extensive areas of basalt produced by fissure eruptions, outpourings covered several thousand kilometres and had volumes in the millions of cubic centimetres 
· Eruptions may of released massive amounts of carbon dioxide and other gases that may of altered the climate
· Volcanologists think Iceland may be a large igneous province
Volcanoes and Plate Tectonics
· Volcanism is directly related to plate tectonics and it determines of volcanoes that will be present
1. Subduction Zones
· Denser oceanic crust is carried into the earth’s mantle
· Rising heat and pressure dry the damp subducting crust in a process called dehydration
· Depths of several dozen km’s water rises and changes chemical composition of overlying mantle rocks and causes them to melt  by water presence lowering melting temperature, forming magma rising through earth’s crust and erupting
· Stratovolcanoes occur at Subduction zones and thus are the most common type of volcano found around pacific rim
· 80% of all volcanic eruptions occur from volcanoes above Subduction zones
· Dominant volcanic rock is andecite

2. Mid Ocean ridges and continental drift zones
· Convergent boundaries are create mid-ocean ridges, basaltic magma derived directly from asthenosphere rises and creates new crust
· Magma doesn’t mix with other types so it is almost all basal (low-viscosity)
· Also at rift zones

3. Hot spots beneath the oceans
· Volcanoes are also found where hot mantle material wells up beneath a plate (hot spot)
· Upwelling of this material creates a volcano, generally a series of them
· Chains are called hot spot volcanoes
· Hawaiian islands are hot spot volcanoes

4. Hot spots beneath continents
· Caldera-forming eruptions occur in this tectonic setting
· They can be extremely violent and explosive
· Associated with dacitic and rhyolitic magmas
· Yellowstone is an example

(4.2) Geographic Regions with Active Volcanoes
· Active volcanoes occur along the ring of fire and also on hotspots (Hawaii, Yellowstone), Mid-Ocean ridges (Iceland) and Continental Rift zones (East Africa)
· More than 90% of North America is free from risk of volcanic activity, but if Caldera went off then there may be Ash fall around the place
· Young volcanoes in Canada are found in BC and southern Yukon Territory
· Northern cascade volcanic chain consists of several eroded Stratovolcanoes in SW BC Origin from Subduction of Juan-de-Fuca under North American (Mt, Garibalidi, Mt. Cayley, Mount Meager)
· Mt. Meager has erupted within the last 10,000 years
·  Similar volcanoes found in the Alaska-Yukon boundary where pacific plate is subducting underneath NA plate
· Scientists believe that volcanism in N.W BC is result of crustal rifting caused by right lateral faulting along Pacific-North America plat boundaries
· Volcano that causes great risk to Canada is in the U.S, it is the Glacier-cloaked Mt Baker in Northern Washington. Great Stratovolcano formed by eruptions over last 50,000 years
· Last eruption in 1843 and venting of gas and steam in 1970’s meaning it’s active
· Eruption could spread ash over Vancouver, Abbotsford, Chilliwack (towns in southern BC)
· Ash would paralyze air and ground traffic
· Rocks around summit have been altered to soft clay miners by circulation of ground water, become soft and could fair
· Lahars would form from snow and ice on summit too
(4.3) Effects of Volcanoes
· Worldwide around 50-60 volcanoes erupt, including 2 or 3 in U.S, mainly in Alaska
· Usually in sparsely populated areas causing little hazard
· Approx. 500 million people live by volcanoes and in past 100 years 100,000 have been killed in total – 28,500 in 1980’s alone
· Densely populated countries with many active volcanoes  (Japan, Mexico, Phillipines, Indonesia) are vulnerable
· Several active or potentially active volcanoes in North America near cities with population more than 500,000

(4.4 Hazards Associated with Volcanoes)
· Volanic hazards can be subdivided into primary/direct (eruptions) effects 
· Lava flows
· Ash fall
· Pyroclastic flows
· Pyroclastic surges
· Lateral blasts
· Poisonous gasses
·  secondary/indirect effects
· Lahars
· Debris avalanches
· Other landslides
· Ground/surface water contamination
· Floods
· Fires
· Tsunami
· Large eruptions can also cool the earth’s atmosphere for a year or so
· Size of volcanic eruption can be quantified by using the Volcanic Explosivity Index (VEI)
· Takes into account amount of volcanic material erupted, height of the eruption cloud, duration of main eruptive phase,  rated from 0-9
· Mt St. Helens (destroyed 630km2 land, expelled 1.4km3 of magma, eruption cloud 24km high) had a 5 rating
          Lava Flows
· Most common product of volcanic eruption
· Happens when magma reaches surface through fissure or vent on volcano
· Three types of lava takes name from rocks they form
· Basalt – most common form
· Andesite
· Rhyolite
· Basaltic lavas have low viscosity , travel quickly (few km/hr on steep slopes) and have high eruption temperatures, they harden with a smooth, ropy surface texture called pahoehoe
· Cooler more viscous basaltic lavas move as slow as a few metres per day and harden with rough, blocky texture termed aa (ah-ah)

· Most flow slowly so people and animals can get out of the way but property and environmental damage can be extensive
· Lava flows can cam rivers, kill fish, form barrier for migrating fish (Nass river in Central BC, Tseax eruption killed 2000 people, co2 poisoning and fires)
· Lava flows from Kilauea volcano in Hawaii began in 1983, continue sporadically today,  by 1992 180 structures in Kalapana have been destroyed (Kilauea National park visitor centre)
Lateral Blast
· Gas, Ash and rock fragments can be blown horizontally from the side of a volcano during eruption
· Lateral Blasts eject debris at high speeds and can be destructive
· Lateral blast from St. Helens flattened forest up to 25km from the vent
Pyroclastic Flows and Surges
· Most lethal eruptive hazard are Pyroclastic flows (aka Ash Flows)
· They are avalanches of hot gas, ash and volcanic rock fragments that cascade down the volcano slope during eruption
· Forms from rising ash columns from eruption or when less energetic eruption boils over the top of crater or caldera, or when a lava flow or dome on a steep slope collapses
· Can move at speeds up to 150 km/h ad travel dozens of kms, people have no chance
· Most deadly was Caribbean island of Martinique, Mt Pelée flow went through town of St. Pierre and killed 30,000 only 2 survivors
· Pyroclastic surges are dense clouds of hot gas and rock debris by explosive interaction between water and magma, more violent and travel faster (up to 360km/h)
Ash Fall
· Ash Fall is tiny particles of volcanic rock and gas carried downwind from eruption and rained out
· Can cover hundreds or thousands of square kms of land
· Creates several hazards
· Vegetation (crops and trees) can be destroyed, long term can be beneficial as ash enriches sol and increase soil moisture
· Surface water can be contaminated; ash cogs fish gills and kills other aquatic life. Increases acidity of water as well. Loss of habitat for aquatic life
· Buildings can be damaged as ash piles up on roofs, 1cm of ash can add 2.3 tonnes of weight on the average house ( 140m2) roof
· Respiratory illnesses such as asthma and bronchitis can be aggravated by contact with volcanic ash, ash can lodge into eyes and nose. Can also cause silicosis
· Can damage mechanical and electrical equipment, ash covers conducts and they overheat
· Ash can clog jet airplanes causing hazards to planes
        	Poisonous Gases
· Number of gases emitted during eruption, can sometimes reach toxic concentrations
· Water vapour
· Carbon dioxide
· Carbon monoxide
· Sulphur dioxide
· Hydrogen sulphide
· Chlorine
· Hydrofluoric acid
· E.g. Lake Nyos, dormant volcano in Cameroon highlands of West Africa, August 1986 carbon dioxide cloud was released from the lake and killed 1742 people and 3000 cattle. Still accumulates today but warning systems and degassing pipes help
· Sulphur dioxide can react with water  in atmosphere to produce sulphuric acid and acid rain downwind  - damage crops, put heavy metals into water supply
· Fluorine killed and disfigured cattle after 1845 and 1970 eruptions of Hekla volcano in Iceland
· Volcanoes can also produce volcanic smog called vog.. Comes along with acid rain which leaches lead from roofs and caused higher levels in blood for locals (in Hawaii)
Edifice or Sector Collapse
· Flanks of volcanoes can collapse during an eruption or even when there aint
· Can increase size and strength of an eruption
· St. Helens had a landslide during the early moment of eruption that caused a very different eruption than had been predicted
· Volcanoes slopes become unstable and over steepened during magma ascent, ground shaking also can occur with magma ascent or steam venting or an earthquake can all cause a collapse in the slopes called a sector collapse
Debris Flows and Other Mass Movements
· Most serious secondary effects of volcanic activity are debris flows or also called lahars, ash and other pyroclastic material becomes saturated with water and rapidly moves down slope
· Water can come from melted snow or ice from eruption, flood of melt water that mixes with pyroclastic  material creating a lahar – consistency of wet concrete
· One of the world’s worst historical disasters was a lahar, Nevado del Ruiz in Columbia erupted November 13, 1985, lahars killed 23-30,000 people despite monitoring and warning of the volcano 
· Lahars can occur weeks or years after an eruption
· Eruptions can remove all vegetation from around a volcano loosening ground or flanks of volcanoes can be  covered with loose tephra  which an easily be mobilized
· Mt. Rainier 5600 years ago – Osceola mudflow moved 1.9km3  of sediment 80km
· Electron mudflow  reached 56km from volcano into now populated suburbs of Seattle
· Might have seen lahars with a height of a house moving about 30km/h
Mount St. Helens 1890-2006: From Lateral Blasts to Lava Flows
· May 18, 1980
· Awoke in March 1980 after 120 years of dormancy with earthquakes and small explosions caused by boiling water underground coming into contact with hot rock
· May 1st prominent bulge developed on North flank of the mountain growing about 1.5m/day
· May 18th Earthquake (M.5) triggered huge debris avalanche (the side of the bulge) to break away displacing water in nearby Spirit Lake.
· During the collapse the eruption occurred from the former bulge, pyroclastic flows occurring shortly after
· Within an hour of the blast ash and gases had reached an altitude of 19km, continued erupting for 9 hours
· Ash fell over a large area of Washington, Northern Idaho, western and central Montana in less than 3 weeks had circled the earth (jet stream)
· Northern slope of volcano was devastated
· First of several lahars occurred minutes after eruption has occurred due to the Northern slope being the upper part of the North Fork of Toutle river watershed
· Killed 57 people and destroyed 100 homes/ total damages of 1bn
· 19 small eruptions occurred during the 6 years following the May 1980 eruption building a lava dome  250m high in the crater
· Earthquake activity increased 7x between ’89 and ‘04
· Sept 23 ’04 magma started moving up the crater floor continued to mid-2005
(4.5) Linkages between Volcanoes and Other Natural Hazards
· Volcanoes are intimately linked to several other natural hazards
· Plate tectonics
· Fire
· Earthquakes
· Landslides 
· Tsunami 
· Floods
· Climate Change
· Fire 
· Lava flows cause fire…
· January 2002, Democratic Republic of Congo lava flows caused fires

· Earthquakes
· Precede or accompany volcanic eruptions as magma rises throughout the earth’s
· Some can be large enough to cause damage themselves

· Landslides
· Most common side effect of volcanoes
· Sector collapses and lahars do great damage and take many lives
· Eruptions beneath glaciers (in Iceland) 
· Sector collapses can cause tsunami which can reach great heights but decrease quickly, unlikely to cause damage far away
· Climate change
· Ash particle and aerosol droplets scatter incoming sunlight and slightly cool the atmosphere
· 
(4.6) Natural Service Functions of Volcanoes
· Greatest gift of life occurred billions of years ago when gases and water vapour released from volcanoes began to form atmosphere and hydrologic systems that allowed life to appear and not evolve.
· Volcanoes also provide us with fertile soils, source of power, recreational opportunities and new land
Volcanic Soils
· Provide lavas and pyroclastic deposits which when weathered are an excellent growth medium for plants
· Nutrients produced by weathering of volcanic materials allow growth of such crops as coffee, maize, pineapple, sugar cane and grapes
· Fertile soils encourage people to live in hazardous environments
Geothermal Power
· Internal heat of volcanoes can be used to generate power for nearby areas
· Found in Hawaii, California, Nevada, Italy, and New Zealand…
· Can be renewable resource only if the steam being used is not removed faster than it is being restored or it will become depleted (like in Rotorua, NZ)
· Downsides are that collector wells, surface pipes etc… can be unsightly and water produced by conversion of steam can be acidic or contain high concentrations of heavy metals
Recreations
· Recreation opportunities include health spas, hot springs, hiking, snow sports and education
· 3 million tourists visit Yellowstone per year 
Creation of New Land
· Eruptions are responsible for creating new land we inhabit, Iceland, Hawaii and other oceanic islands would not exist without volcanoes
· Nothing we can do to control timing or severity can take actions to minimize loss of life and property


Forecasting
· Important to minimizing risk
· Eruption forecast is a statement of the probability that a volcano will eruption a particular way within a defined time
· Eruption forecasts rely upon:
· Monitoring seismic activity
· Monitoring thermal, magnetic, and hydrologic conditions at the volcano
· Monitoring the land surface to detect tilting or swelling of the volcano
· Monitoring volcanic gas emissions
· Studying the geologic history of the volcano
Monitoring Seismic Activity
· Earthquakes deemed to be early warning sign of volcano as evident from Mt St Helens and Hawaii
· Mt St. Helens quakes started 3 months prior to eruption
· Magma bodies have also been mapped geologically
· Small steam explosions and quakes preceded the ’91 Mount Pinatubo, not a common volcanic shape
· Geophysicists have proposed a generalized model of seismic activity that may help predict future eruptions of Stratovolcanoes
· Several weeks before volcanoes come to life, increasing pressures exerted by magma high within the crust creates fractures in the plugged throat of the volcanoes’
· The fracturing causes small quakes that gradually increase in frequency over a period of 1 to 7 weeks
· Fracturing and seismic activity accelerate a few days prior to eruption an alert can be issued if it were being monitored
· Short warning time may be insufficient for a large scale evacuation 
Thermal, Magnetic, and Hydrologic Monitoring 
· Before eruption large volume of magma moves into a holding reservoir beneath the volcano and changes local magnetic, thermal, hydrologic and geochemical conditions
· Increased heat could be detected by sensors, or melting glacial ice or snow
· When older volcanic rock is heated by new magma, magnetic properties may change which can be detected by magnetic surveys


Land Surface Monitoring
· Some volcanoes can be forecast by monitoring small changes in a volcano’s surface
· Kilauea in Hawaii has provided most of the data, it tilts and swells before an eruption
· Tilting  of summit in conjunction with quakes can be used to predict eruption
· Monitoring ground movements  such as tilting, swelling and opening of cracks or rising water levels nearby can indicate magma movements prior to eruption
Monitoring Volcanic Gas Emissions
· Changes in relative amounts of carbon dioxide or sulphur dioxide or gas emission rates can indicate movement of magma to surface, can be used to predict eruption
· Up close measurements are more effective but remote measuring has improved recently
Geologic History
· Understand recent geologic histories of volcanoes can also be indicative of likelihood of eruptions
· Primary tools for reconstructing volcano’s history are geologic mapping and age dating of lava flows and pyroclastic flows
Volcanic Alert or Warning
· No standard warning protocol exists but U.S Geological Survey uses colours (green, yellow, orange, red) to indicate levels of concern
· Evacuation is recognized for before red
(4.8) Perception of and Adjustment to the Volcanic Hazard
          Perception of Volcanic Risk
· People live near volcanoes for a variety of reason
· Born there
· Land is good for farming
· Optimistic and believe eruption not occurring
· Fatalistic or risk takers
· Cannot choose where to live (economics)
· Education is important for people to respond safely to imminent eruptions
· Scientific understanding is improving

Adjustments to Volcanic Hazards
· Primary human adjustments to volcanic eruptions are attempts to deflect lava flows from populated areas
· Bombing proven to be most effective method, purpose is to block channels and cause lava to pile up and break through upstream where it will take less damaging route
· Poor weather conditions and smoke from burning vegetation hinder effectiveness
· Hydraulic chilling was most ambitious method, January 1973 Icelandic island of Heimaey, basaltic flows from Mt Helgafell nearly closed the harbour, islands main town and main fishing port
· 3 favourable conditions
1)  Were slow movement of lava meaning more time to react
 2) Transport by sea and roads allowed for delivery of pipes, pumps and heavy equipment
3) Water was ready and abundant
· They cooled lava flow with water, bulldozers used to make path for larger pipe, didn’t melt because water was flowing through it
· Reduced property damage and harbour was able to remain open
· Eruption stopped 5 months later (shape of sea front was better after, lava provided better protection from sea)
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