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VOLCANOES PRIMER

Overview

Most of the Earth's volcanoes are located around the Pacific Ring of Fire because that is the location of most of the Earth's subduction zones. A subduction zone is a place where one plate of oceanic lithosphere (crust+mantle) is shoved under another plate. The downgoing plate is always the oceanic one. As it is shoved into the hotter mantle the plate heats up and all this water and other volatiles boil off and migrate upwards through the overlying plate. The addition of volatiles, such as water to the hot overlying mantle, causes partial melting and the production of magma. This magma rises up through the over-lying plate to erupt at the surface. If the overlying plate is a continent, you get a chain of volcanoes such as the Andes or Cascades. If the overlying plate is ocean you get a chain of volcanic islands such as the Marianas or Aleutians. This is also where the Earth's deep ocean trenches are and where the Earth's deep earthquakes are. The trenches form because the downgoing plate is bent downward as it subducts. The earthquakes form as the two plates scrape against each other and then as the downgoing plate bends. 

Types of Eruptions


Volcanic activity ranges from emission of gases, non-explosive lava emissions to extremely violent explosive bursts that may last many hours. The types of eruptions determine the relative volumes and types of volcaniclastic material and lava flows (consequently the shapes and sizes of volcanoes.)

A volcanic event occurs when there is a sudden or continuing release of energy caused by near-surface or surface magma movement. The energy can be in the form of earthquakes, gas-emission, release of heat (geothermal activity), explosive release of gases (including steam, magma and ground water), and the non-explosive extrusion or intrusion of magma. An event could be non-destructive without release of solids or magmatic liquid, or if there is anything to destroy, could be destructive with voluminous lava flows or explosive activity. Destruction usually refers to the works of mankind (buildings, roads, agricultural land, etc.). 

A volcanic event can include:

· An eruptive pulse (essentially an explosion with an eruption plume, but also non-explosive surges of lava. A pulse may last a few seconds to minutes. 

· An eruptive phase that may last a few hours to days and consist of numerous eruptive pulses that may alternate between explosions and lava surges. 

· A single eruption or eruptive episode, composed of several phases, that may last a few days, months or years. Paricutin, Mexico was in eruption for nine years. Stromboli, Italy has been in eruption for over 2000 years. 

During a single eruption, styles of activity and types of products may change within minutes or hours, depending upon changes in magma composition, volatiles, or other magma chamber and vent conditions.

Some volcanoes (e.g., domes and basaltic scoria cones) may form completely within a few weeks or months. Others, such as shield volcanoes and composite volcanoes may show high order discontinuities such as major chemical changes, volcano-tectonic events like caldera collapse, or long erosion intervals, and may last 10 million years or more before volcanism completely dies out.

Types of eruptions can be broken down into sub-categories:

· Gas emissions or "eruptions"- carbon dioxide that moves like a river.

· Plinian Eruptions- widely dispersed sheets of pumice and ash are derived from high eruption columns that result from high-velocity gas-rich eruptions, commonly lasting for several hours to about four days.

· Eruption Columns- pyroclastic flow develops around the base of a collapsing eruption column, deflates, and then moves outward across the landscape under its own momentum.

· Hawaiian and Strombolian Eruptions- consists of basaltic, highly fluid lavas of low gas content that produce effusive lava flows and some pyroclastic debris. They give rise to ash columns and abundant ballistic debris.
· Vulcanian Eruptions (hydro volcanic)- highly explosive, short-lived eruptions that produce black, ash- and steam-laden eruption columns.
Types of Hazards Posed by Volcanoes
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Many kinds of volcanic activity can endanger the lives of people and property both close to and far away from a volcano. Most of the activity involves the explosive ejection or flowage of rock fragments and molten rock in various combinations of hot or cold, wet or dry, and fast or slow. Some hazards are more severe than others depending on the size and extent of the event taking place and whether people or property are in the way. And although most volcano hazards are triggered directly by an eruption, some occur when a 

volcano is quiet.

List of Volcanic Hazards

· Dome Collapse and the formation of pyroclastic flows and surges

· Lahars

· Lava flows

· Pyroclastic Density Currents (pyroclastic flows and surges)

· Structural Collapse: Debris flow-Avalanches & Landslides

· Tephra fall and ballistic projectiles

· Tsunamis

· Volcanic gas

· Volcanic Lightning

· Volcanic Plumes

Lahars

Mudflows or debris flows composed mostly of volcanic materials on the flanks of a volcano are called lahars. These flows of mud, rock, and water can rush down valleys and stream channels at speeds of 20 to 40 miles per hour and can travel more than 50 miles. Some lahars contain so much rock debris (60 to 90% by weight) that they look like fast-moving rivers of wet concrete. Close to their source, these flows are powerful enough to rip up and carry trees, houses, and huge boulders miles downstream. Farther downstream they entomb everything in their path in mud. 

Lahars have destroyed many villages and lives living on Indonesian volcanoes because most people live in valleys where lahars flow. The 21,000 lives lost at Armero, Colombia, was from a lahar that formed during the eruption of Nevado del Ruiz in 1985. Lahars can transform into regular floods as they become increasingly diluted with water downstream. This phenomenon was first discovered at Mount St. Helens where hot pyroclastic surges transformed to lahars, which further transformed to hyper concentrated streamflow and then to normal stream-flow turbulence (floods).

Historically, lahars have been one of the deadliest volcano hazards. They can occur both during an eruption and when a volcano is quiet. The water that creates lahars can come from melting snow and ice (especially water from a glacier melted by a pyroclastic flow or surge), intense rainfall, or the breakout of a summit crater lake. Large lahars are a potential hazard to many communities downstream from glacier-clad volcanoes, such as Mount Rainier. 

Lava Flows and Domes

Molten rock (magma) that pours or oozes onto the Earth's surface is called lava and forms lava flows. The higher a lava's content of silica (silicon dioxide, SiO2), the less easily it flows. For example, low-silica basalt lava can form fast-moving (10 to 30 miles per hour) streams or can spread out in broad thin sheets up to several miles wide. Since 1983, Kilauea Volcano on the Island of Hawaii has erupted basalt lava flows that have destroyed more than 200 houses and severed the nearby coastal highway. 

In contrast, flows of higher-silica andesite and dacite lava tend to be thick and sluggish, traveling only short distances from a vent. Dacite and rhyolite lavas often squeeze out of a vent to form irregular mounds called lava domes. Between 1980 and 1986, a dacite lava dome at Mount St. Helens grew to about 1,000 feet high and 3,500 feet across. 

Pyroclastic Flows

High-speed avalanches of hot ash, rock fragments, and gas can move down the sides of a volcano during explosive eruptions or when the steep side of a growing lava dome collapses and breaks apart. These pyroclastic flows can be as hot as 1,500ûF and move at speeds of 100 to 150 miles per hour. Such flows tend to follow valleys and are capable of knocking down and burning everything in their paths. Lower-density pyroclastic flows, called pyroclastic surges, can easily overflow ridges hundreds of feet high. 

The climactic eruption of Mount St. Helens on May 18, 1980, generated a series of explosions that formed a huge pyroclastic surge. This so-called "lateral blast" destroyed an area of 230 square miles. Trees 6 feet in diameter were mowed down like blades of grass as far as 15 miles from the volcano. 

Volcano Landslides

A landslide or debris avalanche is a rapid downhill movement of rocky material, snow, and (or) ice. Volcano landslides range in size from small movements of loose debris on the surface of a volcano to massive collapses of the entire summit or sides of a volcano. Steep volcanoes are susceptible to landslides because they are built up partly of layers of loose volcanic rock fragments. Some rocks on volcanoes have also been altered to soft, slippery clay minerals by circulating hot, acidic ground water. Landslides on volcano slopes are triggered when eruptions, heavy rainfall, or large earthquakes cause these materials to break free and move downhill. 

At least five large landslides have swept down the slopes of Mount Rainier, Washington, during the past 6,000 years. The largest volcano landslide in historical time occurred at the start of the May 18, 1980, Mount St. Helens eruption. 

Tsunamis

A tsunami is a long-period sea wave or wave train generated by a sudden displacement of water. Tsunamis travel at very high speeds through deep water as low broad waves and build to great heights as they approach the shallow bottom of shores. Most are caused by fault displacements on the sea floor, but many have been caused by volcanic action. The eruption of Krakatau in 1883 produced tsunamis that killed 36,000 people. The pyroclastic flow generated by this eruption displaced the water that initiated the tsunamis.

Volcanic Lightning

Electrical discharges can form awesome shows during eruptions. The effects can be spectacular when there is an abundant fine particle within a strongly expanding eruption cloud. It is thought that friction between particles and gases cause potential differences that create the lightning displays. Lightning bolts travel in any direction, and occur in different shapes -- broad bolts, St. Elmo's fire (ball lightning), as separate small sparks, branching displays such as at Sakurajima and others. Lightning can strike the ground and be a hazard to life, but it most commonly is only a hazard to communications and to human anxieties, for the lightning occurs between clouds and from the eruption column to the crater.

Volcanic Gases

Volcanoes emit gases during eruptions. Even when a volcano is not erupting, cracks in the ground allow gases to reach the surface through small openings called fumaroles. Ninety percent of all gas emitted by volcanoes is water vapor (steam), most of which is heated ground water (underground water from rain fall and streams). Other common volcanic gases are carbon dioxide, sulfur dioxide, hydrogen sulfide, hydrogen, and fluorine.

 Sulfur dioxide gas can react with water droplets in the atmosphere to create acid rain, which causes corrosion and harms vegetation. Carbon dioxide is heavier than air and can be trapped in low areas in concentrations that are deadly to people and animals. Fluorine, which in high concentrations is toxic, can be adsorbed onto volcanic ash particles that later fall to the ground. The fluorine on the particles can poison livestock grazing on ash-coated grass and also contaminate domestic water supplies. Cataclysmic eruptions, such as the June 15, 1991, eruption of Mount Pinatubo (Philippines), inject huge amounts of sulfur dioxide gas into the stratosphere, where it combines with water to form an aerosol (mist) of sulfuric acid. These sulfuric acid aerosols also contribute to the destruction of the ozone layer by altering chlorine and nitrogen compounds in the upper atmosphere. 

Volcanic Plumes

During the past 14 years, there have been 23 incidents involving aircraft that have inadvertently encountered eruption plumes. Apart from windshield pitting resulting in loss of visibility, the most common result is engine damage that occurs when volcanic ash enters the jet intakes; the volcanic ash melts and coats turbine blades, often causing the engines to stall. Fortunately, in all past cases, engines have restarted, but only after severe loss of altitude. Most recently a Boeing 747 aircraft lost power in all four of its engines after encountering the plume of the explosive eruption of Redoubt Volcano on December 15, 1989; it glided without power from 8,534 meters (28,000 feet) until engines were restarted at 4,267 meters (14,000 feet), only 1,219 meters (4,000 feet) above nearby mountain peaks. The airliner landed safely in Anchorage and no one was hurt, but the damage to the aircraft has been estimated to exceed $80 million. 

Personnel from the Volcano Hazards Program, particularly those at the Alaska Volcano Observatory, are working with officials of the Federal Aviation Administration (FAA) to develop automatic early warning systems for large ash clouds and to streamline communication for eruptions at U.S. volcanoes that might impact aircraft. Other countries have developed or are developing similar procedures, assisted in part by the World Organization of Volcano Observatories and coordinated through the International Civil Aviation Organization.

Eruption Columns and Clouds

An explosive eruption blasts solid and molten rock fragments (tephra) and volcanic gases into the air with tremendous force. The largest rock fragments (bombs) usually fall back to the ground within 2 miles of the vent. Small fragments (less than about 0.1 inch across) of volcanic glass, minerals, and rock (ash) rise high into the air, forming a huge, billowing eruption column. 

Eruption columns can grow rapidly and reach more than 12 miles above a volcano in less than 30 minutes, forming an eruption cloud. The volcanic ash in the cloud can pose a serious hazard to aviation. During the past 15 years, about 80 commercial jets have been damaged by inadvertently flying into ash clouds, and several have nearly crashed because of engine failure. Large eruption clouds can extend hundreds of miles downwind, resulting in ash fall over enormous areas; the wind carries the smallest ash particles the farthest. Ash from the May 18, 1980, eruption of Mount St. Helens, Washington, fell over an area of 22,000 square miles in the Western United States. Heavy ash fall can collapse buildings, and even minor ash fall can damage crops, electronics, and machinery. fall and streams). Other common volcanic gases are carbon dioxide, sulfur dioxide, hydrogen sulfide, hydrogen, and fluorine. Sulfur dioxide gas can react with water droplets in the atmosphere to create acid rain, which causes corrosion and harms vegetation. Carbon dioxide is heavier than air and can be trapped in low areas in concentrations that are deadly to people and animals. Fluorine, which in high concentrations is toxic, can be adsorbed onto volcanic ash particles that later fall to the ground. The fluorine on the particles can poison livestock grazing on ash-coated grass and also contaminate domestic water supplies. 

Effects of Volcano Activity

	


	


	



	Lava flows destroy everything in their path
	Falling volcanic ash can collapse buildings and block roads.
	Lahars from volcanic eruptions destroy bridges and disrupt rivers.


Volcanic eruptions are one of Earth's most dramatic and violent agents of change. Not only can powerful explosive eruptions drastically alter land and water for tens of kilometers around a volcano, but tiny liquid droplets of sulfuric acid erupted into the stratosphere can change our planet's climate temporarily. Eruptions often force people living near volcanoes to abandon their land and homes, sometimes forever. Those living farther away are likely to avoid complete destruction, but their cities and towns, crops, industrial plants, transportation systems, and electrical grids can still be damaged by tephra, lahars, and flooding.

Volcanic activity since 1700 A.D. has killed more than 260,000 people, destroyed entire cities and forests, and severely disrupted local economies for months to years. Even with our improved ability to identify hazardous areas and warn of impending eruptions, increasing numbers of people face certain danger. Scientists have estimated that by the year 2000, the population at risk from volcanoes is likely to increase to at least 500 million, which is comparable to the entire world's population at the beginning of the seventeenth century! Clearly, scientists face a formidable challenge in providing reliable and timely warnings of eruptions to so many people at risk.

Volcanoes on Agricultural Lands

Why do people live on dangerous volcanoes? The main reason is the rich volcanic soil. People are willing to take high-risk gambles for the most basic things of life -- especially food. 

Close to an erupting volcano the short-term destruction by pyroclastic flows, heavy falls of ash, and lava flows can be complete, the extent of the damage depending upon the eruption magnitude. Crops, forests, orchards, and animals grazing or browsing on the volcano's slopes or surrounding lowland can be leveled or buried. But that is the short-term effect. In the long run, volcanic deposits can develop into some of the richest agricultural lands on earth. 

One example of the effect of volcanoes on agricultural lands is in Italy. Except for the volcanic region around Naples, farming in southern Italy is exceedingly difficult because limestone forms the basement rock and the soil is generally quite poor. But the region around Naples, which includes Mount Vesuvius, is very rich mainly because of two large eruptions 35,000 and 12000 years ago that left the region blanketed with very thick deposits of tephra, which has since weathered to rich soils. Part of this area includes Mount Vesuvius. The region has been intensively cultivated since before the birth of Christ. The land is planted with vines, 

  Earth’s Active Volcanoes by Geographic Region
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 Click on hyperlink for eruption dates. http://www.geo.mtu.edu/volcanoes/world.html
World map with a catalogue of online volcanological information.  Information for Regions 2, 3, 4, and 5 are listed below.  

Southwest Pacific, Southeast Asia, and India (Region 2)

· Merapi Volcano, Java, Indonesia 

· Batur Voclano, Bali, Indonesia 

· Rabaul Caldera, Papua New Guinea 

· Pinatubo Volcano, Central Luzon, Philippines 

· Mt Canlaon, Negros Islands, Philippines 

· Bulusan, Luzon, Philippines 

· Parker, Southern Mindanao, Philippines 

· Gemini Seamount, New Hebrides Island Arc, Vanuatu Islands 

· Aoba (Ambae Island), Vanuatu Islands 

· Barren Island, Andaman Islands, Indian Ocean, India 

East Asia (including Japan and Kamchatka) (Region 3)

· Mt Unzen, Japan 

· Bezymianny Volcano, Kamchatka, Russia 

· Karymsky Volcano, Kamchatka, Russia 

· Klyuchevskoi Volcano, Kamchatka, Russia 

· Avachinsky Volcano, Kamchatka, Russia 

Central Pacific and South Pacific, New Zealand (Region 4)

· Kilauea Volcano, Hawaii 

· Kilauea Volcano, Hawaii 

· Loihi Seamount, Hawaii 

· Marianis Islands 

· Metis Shoal, Tonga 

· Ruapehu, New Zealand 

· Taupo Volcanic Zone, New Zealand 

Alaska and the Northern Pacific Region (Region 5)

· Kilauea Volcano, Hawaii 

· Kilauea Volcano, Hawaii 

· Loihi Seamount, Hawaii 

· Marianis Islands 

· Metis Shoal, Tonga 

· Ruapehu, New Zealand 

· Taupo Volcanic Zone, New Zealand 

Plate Tectonic Map of the Earth
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Based on a map prepared by USGS.  The outer surface of the earth is made of 12 major plates and several smaller plates. These plates move towards each other (convergent boundaries), away from each other (spreading or divergent boundaries) or slide past each other (transform boundaries). Volcanoes are associated with convergent boundaries, where ocean plates are subducted under ocean or continental plates, with spreading boundaries, where new ocean plates are created, and with hot spots. 

Volcanoes of Australia: 

Volcanic centers of eastern Australia. The volcanoes of Australia define several chains with progressively younger volcanoes to the south. [image: image9.jpg]o =Leucte!
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 The volcanoes extend 4400 km from Maer Islands (500 km north of Queensland) in the north to Tasmania in the south. Three types of volcanic centers are shown. Central volcanoes are capped by silica-rich trachyte and rhyolite lavas.  Lava fields are formed by effusive eruptions with little explosive activity. Leucite suite refers to volcanoes that erupted lava and tephra containing the mineral leucite.

Australia
	Argyle Diamond Pipe
Balls Pyramid
Ellendale
Glass House Mountains
Heard Island
Kinrara
Lord Howe Island
Monaro
	Mt. Fox
Mt. Gambier
Mt. Napier
Mt. Schank
Toomba
Undara
Warrumbungles


 New Zealand:
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Volcanic centers of New Zealand. New Zealand contains the world's highest concentration of youthful rhyolitic volcanoes and extensive sheets of pyroclastic flow deposits. New Zealand, along with Indonesia, leads the world in the abundance of calderas as primary volcanic features.
New Zealand 

	Egmont
Ngauruhoe
Pukekaikoire
Raoul Island
Ruapehu
	Rumble I-V
Tarawera
Tongariro
White Island


Vanuatu:
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Vanuatu (formerly called New Hebrides Islands) is a line of volcanic islands and submarine volcanoes 1,400 miles (2,300 km) east of northeast Australia. There are 13 main islands, nine of which are home to active volcanoes. 

Vanuatu

	Ambrym
Aneityum
Aoba
East Epi
Gaua
Kuwae
Lopevi
	Mere Lava
North Vate
Soretimeat
Traitor's Head
Unnamed
Yasur


Volcanoes of the Philippines:
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In the west, more steeply east-dipping subduction of the Eurasian Plate (South China Sea basin and the transitional oceanic-continental crust of the Palawan block) along the 560 mile (900 km) length of the Manila and Sulu trenches produces a discontinuous line of active volcanoes from Taal in the south to Iraya in the north. Volcanism associated with this subduction zone began about 10 million years ago. 
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In the east, shallow west-dipping subduction of the Philippine Plate at the Philippine Trench produces a line of volcanoes from Balut in the south to Mayon in the north. 

Volcanoes in an east-west zone across central Luzon may be associated with a "leaky" transform fault that connects the two subduction zones. The transform fault is offset to the right by the younger Philippine Fault.


Philippines
	Babuyon Claro
Balut
Biliran
Bulusan
Bud Dojo
Camiguin de Babuyanes
Canlaon
	Hibok-hibok
Iraya
Mariveles, Luzon
Mayon
Pinatubo
Ragang
Taal
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Indonesia

Most of Indonesia's volcanoes are part of the Sunda arc, a 3,000-km-long line of volcanoes extending from northern Sumatra to the Banda Sea. Indonesia has 76 volcanoes that have erupted in historic time - the largest number for any volcanic region. These volcanoes have had at least 1,171 eruptions, placing Indonesia second (after Japan) for the region with the most dated eruptions. 

Indonesia has had the highest number of eruptions that: 

· produced fatalities 

· caused damage to land used for agriculture 

· generated mudflows 

· generated tsunami 

· grew lava domes 

· produced pyroclastic flows 

Some of Indonesia's more notorious volcanoes include: 

Agung, Bali 
Colo, Suluwesi 
Dieng, Java 
Galunggung, Java 
Gamalama, Halmahera 
Kelut, Java 
Krakatau, Sunda Strait 
Merapi, Java 
Papandayan, Java 
Semeru, Java 
Tambora, Sumbawa
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Indonesia
	Andonara and Lomblen Islands
Batur
Cereme
Danau
Dempo
Dieng
Dukono
Egon
Galunggung 
Gamalama
Gamkonora
Gede
Ibu
Ijen 
Iliboleng
Illimuda
Jailolo
Java, Central 
Karang
Kelut 
Kerinci
Krakatau 
Lereboleng
Lewotobi
Lewotolo
	Lokon
Lombok Island
Mahawu 
Makian
Merapi 
Merbabu 
Motir
Muria 
Papandayan
Pulaweh
Rajabasa
Raung 
Salak
Semeru 
Sumbing 
Sundoro 
Talang
Tambora
Tangkubanparahu 
Telomoyo
Tengger Caldera
Toba
Todoko-ranu
Ungara


Micronesia
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Mariana trench, ridge, and islands

The Mariana Islands are a classic example of an island arc, a curved line of stratovolcanoes that rise up from the ocean floor.

	Volcanoes of the Mariana Islands

	Agrigan
	Alamagan
	Anatahan

	Asuncion
	Farallon de Pajaros
	Guguan

	Maug
	Pagan
	Sarigan


New Britain, Papua New Guinea, and Solomon Islands
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This region ties with the Atlantic region for having the highest proportion (5%) of its eruptions being below sea level (submarine). With 22 island-forming eruptions, Melanesian leads the world with the type of activity (most of these eruptions have been at Kavachi).  Notorius volcanoes in the region include Rabaul caldera, which erupted most recently in 1994, Lamington, which erupted in 1951-1956, and Manam, which has been erupting continuously since 1974. 

New Britain
	Bamus
Bola
Dakataua
Garbuna Group
Garua Harbour
Hargy
Langila
	Lolo
Lolobau
Pago
Ulawun
Uluwan
Walo


Papua New Guinea
	Bam
Blup Blup
Boisa
Goodenough
Iamelele
Kadovar
Lamington
	Long Island
Manam
Rabaul
Ritter Island
Sakar
Umboi
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The volcanoes of New Britain are the result of subduction of the northward-migrating Solomon Sea Plate under the South Bismarck Plate. The volcanoes in the Solomon Islands are associated with the Solomon Sea Plate as it is subducted beneath the Pacific Plate. 

Solomon Islands
	Bagana
Balbi
Kavachi
	Loloru
Savo
Takuan Group


South Sandwich Islands
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South Sandwich Islands 

	Bellingshausen Island
Bristol
Cook Island
	Mount Michael
Thule Island


Volcanoes of Japan
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Distribution of volcanoes and volcanic arcs in Japan. Japan's volcanoes are part of five volcanic arcs. Numbered volcanoes of the Southwest Honshu Arc are: 1. Abu, 2. Sanbe, 3. Oki-dogo, 4. Daisen, and 5. Kannabe. Abu, Oki-dogo, and Kannabe are Holocene shield volcanoes. Sanbe is a caldera that last erupted in 1650 BC. Daisen is a Holocene stratovolcano. The names and status of the other volcanoes are given below.

Japan has a long record of documented historic eruptions starting with the eruption of Aso in 710 AD. Aso has proven to be the country's most active volcano with more than 165 eruptions. Japan's largest historic eruption was at Towada in 915 AD. Tephrochronology is commonly used in Japan and allows for a more detailed and balanced view of volcanic activity over the last 10,000 years. Japan leads the world's volcanic regions with 1,274 dated eruptions and 94 volcanoes with dated eruptions. Japan also leads the world with 41 large (VEI greater than or equal to 4) explosive eruptions in the last 10,000 years. The eruption of Kikai 6,300 years ago was one of the largest (VEI=7) eruptions on Earth in the Holocene. Pyroclastic flows, one of the deadliest volcanic hazards, have occurred at 28% of Japan's eruptions. 
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The volcanoes shown here (left) make up the northwest quadrant of the "Ring of Fire.”
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Japan
	Adatara
Akan
Asahi
Asama-yama
Aso
Azuma
Bandai
Fuji
Hakone
Iwo-jima
Izu Volcanic Islands
Izu-Tobu
Kikai
Kirishima
Komaga-take
Kuttara
Kuttyaro
Mashu
	Nantai
Nasu
Nikko-Shirane
Nipesotsu-Upepesanke
Oshima
Rausu
Sakurajima
Shikotsu
Shin-dake
Shiretoko-Iwo-Zan
Showa-Shinzan
Tokachi
Towada
Tsurumi
Unzen
Usu and Toya
Yake-dake


Deadliest Volcanic Eruptions Since 79 AD

Below is a table which lists the deadliest volcanic eruptions since 79 AD when Vesuvius erupted in Pompeii, Italy. It is based on information in "Volcanic Hazards: A Sourcebook on the Effects of Eruptions" by Russell Blong 1984.

	Deaths
	Volcano
	Location
	When
	Major Cause of Death

	92 000
	Tambora
	Indonesia
	1815
	Starvation

	36 417
	Krakatoa
	Indonesia
	1883
	Tsunami

	29 025
	Mt Pelee
	Martinique
	1902
	Ash Flows

	25 000
	Ruiz
	Colombia
	1985
	Mudflows

	14 300
	Unzen
	Japan
	1792
	Volcano collapse,Tsunami

	9 350
	Laki
	Iceland
	1783
	Starvation

	5 110
	Kelut
	Indonesia
	1919
	Mudflows

	4 011
	Galunggung
	Indonesia
	1882
	Mudflows

	3 500
	Vesuvius
	Italy
	1631
	Mudflows, Lavaflows

	3 360
	Vesuvius
	Italy
	79
	Ashflows and falls

	2 957
	Papandayan
	Indonesia
	1772
	Ashflows

	2 942
	Lamington
	Papua New Guinea
	1951
	Ashflows

	2 000
	El Chichon
	Mexico
	1982
	Ashflows

	1 680
	Souifriere
	St Vincent
	1902
	Ashflows

	1 475
	Oshima
	Japan
	1741
	Tsunami

	1 377
	Asama
	Japan
	1783
	Ashflows, Mudflows

	1 355
	Taal
	Philippines
	1911
	Ashflows

	1 200
	Mayon
	Philippines
	1814
	Mudflows

	1 184
	Agung
	Indonesia
	1963
	Ashflows

	1 000
	Cotapaxi
	Ecuador
	1877
	Mudflows

	800
	Pinatubo
	Philippines
	1991
	Roof collapse and disease

	700
	Komagatake
	Japan
	1640
	Tsunami

	700
	Ruiz
	Colombia
	1845
	Mudflows

	500
	Hibok-Hibok
	Philippines
	1951
	Ashflows


What to do if a Volcano Erupts - 
Federal Emergency Management Agency (FEMA)

-- 1998 



	FEMA FACT SHEET: VOLCANOES 

	Volcanic eruptions can hurl hot rocks for at least 20 miles. Floods, airborne ash, or noxious fumes can spread 100 miles or more. If you live near a known volcano, active or dormant, be ready to evacuate at a moment's notice. 

	BEFORE:

· Learn about your community warning systems and emergency plans. 

· Be prepared for these disasters that can be spawned by volcanoes. 

· Earthquakes 

· Flash floods 

· Landslides and mudflows 

· Thunderstorms 

· Tsunamis 

· Make evacuation plans. 

· You want to get to high ground away from the eruption. 

· Plan a route out and have a backup route in mind. 

· Develop an emergency communication plan. 

In case family members are separated from one another during a volcanic eruption (a real possibility during the day when adults are at work and children are at school), have a plan for getting back together. 

Ask an out-of-state relative or friend to serve as the "family contact," because after a disaster, it's often easier to call long distance. Make sure everyone knows the name, address, and phone number of the contact person. 

· Have disaster supplies on hand: 

· Flashlight and extra batteries 

· Portable, battery-operated radio and extra batteries 

· First aid kit and manual 

· Emergency food and water 

· Non-electric can opener 

· Essential medicines 

· Cash and credit cards 

· Sturdy shoes 

· Get a pair of goggles and a throw-away breathing mask for each member of the household. 

· Contact your local emergency management office or American Red Cross chapter for more information on volcanoes. 

· Evacuation 

· Although it may seem safe to stay at home and wait out an eruption, doing so could be very dangerous. The rock debris from a volcano can break windows and set buildings on fire. Stay safe. Follow authorities' instructions and leave the area before the disaster begins. 


	DURING:

· Follow the evacuation order issued by authorities. 

· Avoid areas downwind of the volcano. 

· If caught indoors: 

· Close all windows, doors, and dampers. 

· Put all machinery inside a garage or barn. 

· Bring animals and livestock into closed shelters. 

· If trapped outdoors: 

· Seek shelter indoors. 

· If caught in a rockfall, roll into a ball to protect your head. 

· Avoid low-lying area where poisonous gases can collect and flash floods can be most dangerous. 

· If caught near a stream, beware of mudflows. 

· Protect yourself: 

· Wear long-sleeved shirts and long pants. 

· Use goggles to protect your eyes. 

· Use a dust mask or hold a damp cloth over your face to help breathing. 

· Keep car or truck engines off. 

· Stay out of the area 

A lateral blast of a volcano can travel many miles from the mountain. Trying to watch an erupting volcano is a deadly idea. 

· Mudflows 

Mudflows are powerful "rivers" of mud that can move faster than people can walk or run. Mudflows occur when rain falls through ash-carrying clouds or when rivers are damed during an eruption. They are most dangerous close to stream channels. When you approach a bridge, first look upstream. If a mudflow is approaching or moving beneath the bridge, do not cross the bridge. The power of the mudflow can destroy a bridge very quickly. 

	AFTER:

· Listen to a battery-operated radio or television for the latest emergency information. 

· Stay away from volcanic ashfall. 

· When outside: 

· Cover your mouth and nose. A number of victims of the Mount St. Helens volcano died from inhaling ash. 

· Wear goggles to protect your eyes. 

· Keep skin covered to avoid irritation or burns. 

· If you have a respiratory ailment, avoid contact with any amount of ash. Stay indoors until local health officials advise it is safe to go outside. 

· Avoid driving in heavy ashfall. 

Driving will stir up more ash that can clog engines and stall vehicles. 

· Clear roofs of ashfall. 

Ashfall is very heavy and can cause buildings to collapse. 

· Remember to help your neighbors who may require special assistance--infants, elderly people, and people with disabilities. 
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Update on Current Volcanic Activity 
http://volcano.und.nodak.edu/vwdocs/current_volcs/current.html
An interactive display of global seismicity is updated every 30 minutes using data from the National Earthquake Information Center. Earthquakes that have occurred within the last 24 hours are shown with red circles. The circles fade through orange to yellow within 15 days. After 15 days, the circles are replaced by light purple dots that remain on the map for five years.  The Earth's shadow illustrates day/night and seasonal changes.   http://www.iris.washington.edu/seismic/60_2040_1_8.html
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