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Main Types of Volcano

Stratovolcanoes (e.g., Mt. St. Helens, Mt. Pinatubo)
Formed at the intersection of tectonic plates

Magma is very viscous, retaining gases.

Often violent eruptions

Known also as ‘composite volcanoes’

Shield Volcanoes (e.g., Hawaiian volcanoes, Galapagos Is.)
Form above “hotspots” in the Earth’s crust

Magma is more fluid, easily releasing gases.

Less violent eruptions; effusive lava flows and lava fountains

Photo of Stromboli by Steven W. Dengler

Stratovolcano formation in a subduction zone

By KDS4444 - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=49035989



Geothermal areas
Present in volcanically active areas that are currently 

quiescent.

Characterized by geysers, boiling mud and water 
pools, and degassing fumaroles.

Frequently used as a source of geothermal power.

Most well-known and visited sites of “geotourism” are 
Yellowstone Park, Geysir, Iceland, and Rotorua, New 
Zealand.

Hazards are mostly from thermal burns and exposure 
to toxic gases, particularly hydrogen sulfide.

Physical hazards of volcanoes

Pyroclastic flows

Lahars

Lava flows

Tsunamis

Tephra

Earthquakes



Pyroclastic flows

Fast moving (60->300mph)

mixture of very hot gases, ash and

rock streaming down the volcano.

Can travel tens of miles, incinerating everything in its path.

Formed from the collapse of an eruption column.


Historically, the major cause of mortality from volcanic 
eruptions.

Mayon volcano, Philippines, 1984

Lahars
 Violent, very destructive mudflows down a volcano, usually in a 

river valley.

 Large ones can travel up to 60 mph and for >100 miles.

 Typically have consistency and viscosity of wet concrete.

 Can occur as a result of:
 Lava or a pyroclastic flow interacting with snow or a glacier

Collapse of a crater wall, even in the 

absence of an eruption

 In 1985, Nevado del Ruiz eruption,

a lahar killed 23,000 people in the 

city of Amero, Colombia.

Tsunamis (tidal waves)

Major waves caused by the displacement of large 
volumes of water.

May be caused by undersea volcanic eruptions, 
earthquakes or landslides.

Travel through sea

at very high speed.

Amplitude increases

when the depth of water 

decreases.



Lava flows

Mainly produced by shield volcanoes.

Usually travel too slowly to kill many people.

Most casualties from activities such as walking on a 
cooled and solidified lava crust.

When molten lava reaches the 

sea it produces laze—a fog 

containing hydrochloric acid.  

Tephra
All the solid material ejected into the air from a volcano, 

including:
Ash—particles <2 mm diameter

Pumice

Blocks and lava bombs.

Generally, the larger the fragments the closer they are 
deposited to the site of the eruption.

Plumes may damage aircraft engines.

Volcanic ash
 Not really ‘ash’; actually finely pulverized particles of rock.

 Most concern about the inhalable fraction (<10 µm) and the 
respirable fraction (<2.5 µm).

 Silica content varies, but is often low and then poses only 
limited risk of silicosis.

 Major hazard is collapse of buildings from weight of ash on 
roofs.

 Chemicals (e.g., fluoride) adsorbed to the surface of ash 
particles may cause water pollution and livestock poisoning.



Fluoride poisoning

 Fluoride-containing volcanic ash deposited on 
pastures has been a major cause of livestock deaths 
in some areas, particularly Iceland.

 Most recently in 2010, during the eruption of 
Eyjafjallajökull.

Earthquakes

Volcanic eruptions are often preceded or accompanied 
by swarms of earthquakes.

They are caused by the magma breaking through rock 
barriers to reach the surface.

Volcano earthquakes can also precipitate tsunamis 
and release of trapped gases and lava.

Volcanic and geothermal gases

Carbon dioxide (CO2)

Sulfur dioxide (SO2)

Hydrogen sulfide (H2S)

Hydrogen fluoride (HF)

Hydrochloric acid (HCl)

Radon (Rn)



Carbon dioxide
The major gas, apart from  water vapor, emitted by 

volcanoes.

CO2 is heavier than air and may cause asphyxiation if 
it collects in low lying areas.

 Large numbers of deaths have been caused by 
releases of CO2 trapped under pressure at the bottom 
of volcanic lakes or calderas.
e.g., Lake Nyos, Cameroon, 1986: 1,700 deaths of people; 

>3,000 livestock deaths.

Lake Nyos disaster

Source:
Oregon State University:
Volcano World.

Sulphur dioxide
A highly irritating and toxic gas released in large 

quantities by volcanoes.

 In Hawai’i, a principal component of ‘vog’, mainly on the 
Kona side, from releases by the Kilauea volcano.

Can cause or exacerbate lung diseases, including 
asthma, and eye problems.

Sulphates may reach stratosphere and circle the 
globe—impacting climate, with crop failures and famine.

Dissolves in water to form sulfurous and sulfuric acids, 
which may result in acid rain.



Acid rain can:

 damage and kill vegetation,

 corrode machinery and buildings,

 cause skin burns to animals, and

 contaminate water by corroding pipes, water tanks and 
roofs, releasing metals. 

For example, pH of rain affected by emissions from 
Masaya volcano, Nicaragua, was ~3--strongly acidic

Hydrogen sulfide
 Released by volcanoes, but more commonly in 

geothermal areas—responsible for the “rotten eggs” 
smell.

 Heavier than air and highly acutely toxic—resulting in 
many deaths in low-lying places where it collects.

 Can be detected by the human nose at very low 
concentrations (e.g., 5 ppb).

 Consequences of long-term, low-level exposure to 
H2S are uncertain, but may be benign. 

Supervolcanoes
Volcanic eruptions with a magnitude of 8 on the Volcanic 

Explosivity Index—ejection of ≥1,000 km3 of material.

Can cause major effects on a continental or global scale, 
including climate change and mass extinctions.

The last VEI-8 eruption was 26,500 years ago, by New 
Zealand’s Taupo Volcano, now Lake Taupo (a caldera).

The Yellowstone supervolcano last erupted 640,000 
years ago.



The world’s supervolcanoes

How ash would be spread by a Yellowstone ‘supereruption’

Very-high threat: 
•Mount Shasta
•Lassen Volcanic Center 
•Long Valley Volcanic Region

High threat: 
•Clear Lake Volcanic Field 
•Medicine Lake Volcano
•Salton Buttes

Moderate threat: 
•Ubehebe Crater
•Coso Volcanic Field

USGS Assessment of 
California’s Volcanoes



Cascade range eruptions in last 4000 years

Source: USGS

General civil defense precautions against 
imminent volcanic eruptions

Continually monitor radio or TV broadcasts.

Be prepared to evacuate at short notice.

Maintain an emergency survival kit, including food, 
bottled water, dust masks, goggles, and flashlights.

Remain calm!

Prevention of exposure to heavy ashfall

Stay indoors as much as possible (pets too).

Keep doors and windows closed and seal cracks with 
tapes or wet towels.

When outside, wear ski goggle and dust mask, 
breathe through nose, and avoid physical exertion.

Take off ash-covered clothing before entering a 
building.



Avoiding consumption of water contaminated by 
ashfall

Fill up containers (including the bath) with water at an 
early stage.

 If a roof collection, disconnect the tank inlet pipe.

Cover any open water supply tanks.

Conserve water

Concluding points

Volcanic events are very rare, but potentially catastrophic 
when they occur.

There are a wide variety of physical and chemical 
hazards associated with volcanoes and geothermal 
areas.  Each situation requires its own assessment of the 
likely hazards.

Most events will require evacuation, but there are simple 
commonsense precautions that can also be taken.

Thank you!



Q.1:  Which of the following is not a gas 
emitted by volcanoes or geothermal areas?

A) Nitrogen oxides (NOx)

B) Sulfur dioxide (SO2)

C) Carbon dioxide (CO2)

D) Radon (Rn)

E) Hydrogen sulfide (H2S)

Q.2:  Which of the following has been the deadliest
volcano‐related cause of death since 1900?

A) Lahars

B) Volcanic gases

C) Pyroclastic flows

D) Famine

E) Tsunamis

Q.3: What is laze?

A) Low‐level haze associated with volcanic emissions.

B) Fumes resulting from the interaction of molten lava and seawater.

C) Particles in air formed by water and sulfur dioxide. 

D) The (usually) fatal urge to linger at the crater rim of a volcano to observe  its 
eruption in the early stages.

E)  Mud and other debris that surges down a volcano’s slope when its crater wall 
collapses.


