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What is a volcano?

Volcano: hill or mountain formed by 

erupted lava or pyroclastic debris, or both. 

Lavas in Kilauea (USGS photo)
Pyroclastic debris from  

Redoubt Volcano, Alaska 

(USGS photo) 





Volcanic bombs Volcanic cinders

Volcanic ash SEM image of volcanic ash



Where do volcanoes occur? 

Global Map of Volcanoes (from the Global Volcanism Program)



Volcanoes are concentrated mostly at tectonic 

plate boundaries, mainly convergent & 

divergent boundaries (no eruption at transform 

boundaries)



Some volcanic eruptions are generated by hotspots



Nature of Eruptions

“Explosive” vs. “Quiet”
Depends on: gas content & viscosity

Redoubt Volcano, Alaska Kilauea Volcano, Hawaii 



Viscosity depends on

temperature & SiO2 content

Lower T : higher viscosity

Higher SiO2

: higher viscosity



Explosive volcanism

: High gas content/high viscosity

(Water)



Scale of Eruption Explosiveness

: Volcanic Explosivity Index (VEI)
VEI values range from 0 (small lava flow) to 8 (highly explosive) 

http://volcanoes.usgs.gov/Products/Pglossary/vei.html


Volcanic Explosivity Index (VEI)







Dry melting of mantle rock → basalt

“Dry melting”, high temperature, low silica, low viscosity, 

low volatile content → Non-explosive submarine eruptions

Volcanoes & Plate Tectonics

Divergent plate boundary- Mid-ocean Ridge 



Hydrothermal circulation at mid-

ocean ridge (Illustration from “Earth: 

Portrait of a Planet”, Copyright © W. 

W. Norton & Company).

A black smoker at the 

Juan de Fuca Ridge
(NOAA)

Divergent Boundary: Midocean Ridge

http://www.pmel.noaa.gov/eoi/nemo/education/movies/black_smoker.html


Pillow basalt

: erupted magmas get in contact with seawater



PILLOW LAVA FORMATION

http://www.youtube.com/watch?v=5G8W9sZtBTM


Black Smoker Hydrothermal Vents 

http://www.youtube.com/watch?v=rFHtVRKoaUM


Convergent Plate Boundary - Subduction zone 

Wet melting of mantle rock → andesite 

(+ secondary melting of  continental crust → rhyolite) 

Low temperature, high silica content, high viscosity, 

high volatile content → explosive volcanic eruption



Subduction zone eruptions

: composite volcano (stratovolcano)



Subduction zone eruptions – e.g., Mt. Vesuvius, Italy  

Mt. Vesuvius as seen from the ruins of Pompeii, which 

was destroyed in the eruption of AD 79. 

http://www.youtube.com/watch?v=UtpaabWLvbU


Mount Ontake eruption, Japan, 2014



Volcanic Eruptions at Subduction Zone

Eruption at Kurile Island, 2009

http://commons.wikimedia.org/w/index.php?title=File:Sarychev_Peak_eruption_on_12_June_2009,_oblique_satellite_view.ogv




Subduction zone eruptions

e.g., 

Cascade Range
Pacific Northwest, U.S.



Mount St. Helens before and after the 1980 eruption

http://www.youtube.com/watch?v=K5pidzTZslo


1980 Mount St. Helens Eruption

http://www.youtube.com/watch?v=K5pidzTZslo


Formation of a Caldera

Crater Lake National Park in Oregon, U.S. 



Hiking trail behind Jade Spring Campus

Granite RhyoliteMesozoic



Ocean hotspot volcanic eruptions
•Fixed hotspot in deep mantle, rises up as mantle plume

•Dry melting of mantle rock → basalt

•High temperature, low silica, low volatile, low viscosity 

→ non-explosive volcanism 



Useful in determining the rate & direction 

of plate movement



Ocean Hotspot Volcanic Eruptions

e.g., Hawaiian Islands

Volcano on moving lithosphere → age progression in volcanic fields



Alternative interpretation

Hotspot not fixed?



Ocean hotspot volcano: shield volcano 

volcanoes 



Shield volcanoes: Mauna Kea at the left and Mauna Loa at the right



Hawaiian 
volcanoes

Chain of islands 

that extends to 

Emperor islands

http://www.youtube.com/watch?v=iyIV5fd1Aww


Night view of lavas on the east rift zone of Kilauea Volcano 

(Photograph by C. Heliker,  USGS, 1983) 



Lava tube

Collapsed roof of a lava tube (Photo by Jeffrey B. Judd, USGS)



Lava fountain during a fissure eruption along the southwest rift 

of Kilauea (Photo from National Park Service)

http://www.youtube.com/watch?v=Hec9yK-QQ4o


Close view of ropy pahoehoe flow at Kilauea Volcano, Hawaii 

(Photo by T.N. Mattox, USGS, 1995)



Aa flow advancing over old pahoehoe on the coastal 

plain of Kilauea Volcano, Hawaii. (Photo by T.N. Mattox, USGS, 

1995)

http://www.youtube.com/watch?v=iyIV5fd1Aww


Aa flow 

http://www.youtube.com/watch?v=iyIV5fd1Aww


Lava fountain and Pahoeoe flows

http://www.youtube.com/watch?v=Hec9yK-QQ4o






Volcanic Hazards

A) Lava flows - usually non-lethal, but can cause 

considerable damage

http://volcanoes.usgs.gov/Hazards/What/Lava/lavaflow.html


B) Ashfall - explosive eruption of plume of 

volcanic ash can cause structure failure, 

airplane engine failure, breathing problems, 

crop damage, livestock deaths

Redoubt Volcano, SW of Anchorage, Alaska

Ashfall from Mt. Pinatubo 

collapsed many roofs

http://volcanoes.usgs.gov/Hazards/What/Tephra/tephra.html


A composite map of the Icelandic volcanic ash cloud that closed 

European air space from April 14 to April 25, 2010 (Red dot on 

the map shows the location of the volcano).



C) Ashflow

(Pyroclastic flow)

-turbulent mixture 
of superheated gas 
& pyroclastic debris

(nuee ardente -
"glowing cloud”)

that flows down slope 

with great speed 

(up to 200 km/hr). 

http://volcanoes.usgs.gov/Hazards/What/PF/pcflows.html


Hot ash flows over water

The dense part of an ash flow sinks

The lighter part continues over the water surface



Ashflows can cause enormous 

destruction, common during 

caldera-forming eruptions

e.g.,

Mt. Pelée eruption in 1902 on 

Caribbean island

Destroyed city of St. 

Pierre, killing 

~28,000 people in 

~30 seconds

http://volcano.und.edu/vwdocs/volc_images/img_mt_pelee.html
http://www.geology.sdsu.edu/how_volcanoes_work/Pelee.html


Fig. 6-37, p.144

D) Lahar (mudflow)- mixture of water & 

volcanic debris that flows downslope. 

After Mt. Pinatubo eruption in 1991

Volcanic Hazards

http://volcanoes.usgs.gov/Hazards/What/Lahars/lahars.html


Water is from snow + ice on mountain slope, 

or from rainfall. 





(E) Gases - water is 

major gas released in 

volcanic eruptions.

Also can get other more 

harmful gases (e.g., 

CO2, CO, SO2, H2S, 

H2SO4, HCl, HF)

Volcanic Hazards

http://volcanoes.usgs.gov/Hazards/What/VolGas/volgas.html


CO2 

e.g.,1986 in Cameroon (central Africa), 1,700 died 

overnight due to volcano-derived CO2 gas that was 

released quickly from Lake Nyos

http://www.geology.sdsu.edu/how_volcanoes_work/Nyos.html
http://en.wikipedia.org/wiki/Lake_Nyos


Sulfur-bearing gases 

can oxidize to 

sulfuric acid, which 

is highly corrosive

SO2



SO2 

Effect on climate - large, explosive ashfall 

eruptions can cause global cooling of up to 

several degrees for 1 - 2 years after eruption

Cooling is due to SO2 gas-coated airborne 

volcanic ash, which reflects sunlight 



Example
Tambora (Indonesia) volcanic eruption in 1815

- 1816 - year without summer, summer snow   

in Europe & New England

Crops failed with cold temperatures;   worldwide 

famine resulted in ~ 90,000 deaths)

http://vulcan.wr.usgs.gov/Volcanoes/Indonesia/description_tambora_1815_eruption.html
http://en.wikipedia.org/wiki/Year_Without_a_Summer


e.g, Mt. Pinatubo, Philippines eruption in 1991 

caused some global cooling

Satellite false-color 

images represent 

aerosol in the 

stratosphere

Pinatubo

http://vulcan.wr.usgs.gov/Outreach/AboutVolcanoes/do_volcanoes_affect_weather.html


(F) Tsunami - volcanic 

eruptions rarely create 

tsunamis, most formed in 

SW Pacific 

(e.g., Krakatoa eruption)

Volcanic Hazards

http://volcano.und.edu/vwdocs/volc_images/southeast_asia/indonesia/krakatau.html
http://www.geology.sdsu.edu/how_volcanoes_work/Krakatau.html


A bulge developed on the north side of Mount St. Helens before 

the eruption (USGS Photograph taken on April 27, 1980, by Peter Lipman.)

Mitigation

Monitoring Precursors

e.g., Ground deformation 



Electronic-distance measurement survey on the rim of Kilauea caldera 

in 1988, with snow-capped Mauna Loa in the background (Photo by by 

J.D. Griggs, U.S. Geological Survey).

Electronic Distance Meters (EDM): uses laser beams, 

reflect back, determine distance between 2 points



Remote Sensing Satellite 

imagery showing the area of 

uplift at the Three Sisters 

volcanoes (red triangles) in the 

Cascade Range in Oregon. 

Based on images from the 

European Remote Sensing 

Satellite.

Each rainbow band on the map 

represents ~28 mm of uplift . 



The seismogram for June 15, 1991, shows the heavy seismicity 

accompanying the catastrophic eruption of Mount Pinatubo in the 

Philippines. (Photo by Ed Wolfe, U.S. Geological Survey)

Monitoring earthquake activities 



Sampling volcanic gases at Mageik Volcano in Alaska (USGS photo)

Monitoring volcanic gases 



Monitoring Temperature Changes

Thermal infrared imaging

Photography compared to thermal infrared image 

of new growth on the Mount St. Helens' dome. 



Volcanoes in the Infrared



The day before Pinatubo’s 

cataclysmic June 15, 1991, 

eruption. (Photo by MSgt. Val 

Gempis, U.S. Air Force.)

Villagers fleeing the vicinity of 

Mount Pinatubo during heavy ash 

fall from the volcano's cataclysmic 

June 15, 1991, eruption. (Photo by 

Philippe Bourseiller/Jacques 

Durieux.)

Mitigation Before/During Volcanic Eruption

e.g., Evacuation 



European airspace completely (red) or partially (orange) closed on 18 April 

2010 due to the eruption in Iceland (green)

Airspace Controls 



Firefighters pumped over 6 million cubic meters of 

seawater to chill and stop the lava flow in Iceland 
(Photo from “Earth: Portrait of a Planet”, 4th Edition, Copyright © 2012 W. 

W. Norton & Company)

Lava diversion 



Quickly constructed embankment barrier diverted 

lava flows from Mt. Etna, 1983 

(Photograph by Jack Lockwood, U.S. Geological Survey)

Lava diversion 



Benefits of Volcanoes & Volcanic Eruptions?



Submarine metal deposit, 
Brothers Volcano in the Kermadec 

Arc (Photo from NOAA Ocean 

Explorer)

Rich volcanic soils at the foot of 

Kaimon volcano in southern Kyushu 

(Photo by Lee Siebert, Smithsonian 

Institution).

Benefits of Volcanoes & Volcanic Eruptions



The Casa Diablo geothermal power plant in the Long Valley 

California.  (Photo by Larry Mastin, 1991 U.S. Geological Survey).



National parks and monuments 






