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4. …accumulating on 
the surface to form a 
volcano.

3. Lavas erupt from 
the magma chamber 
through central and 
side vents…

2. …rises through the 
lithosphere to form a 
magma chamber
1. Magma, which 
originates in the 
partially melted 
asthenosphere…

Types of LavasTypes of Lavas
•• BasalticBasaltic lavas: low-viscosity mafic lavas, 

typically erupted at 1000o to 1200o C; cool to 
form basalt.

•• RhyoliticRhyolitic lavas: high-viscosity felsic lavas, 
typically erupted at 800o to 1200o C; cool to 
form rhyolite.

•• AndesiticAndesitic lavas: intermediate in composition 
and viscosity between mafic and felsic 
magmas; cool to form andesite.
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Fig. 12.16

Flood Basalts of the Columbia PlateauFlood Basalts of the Columbia Plateau

Fig. 12.16

Fig. 12.3
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Vesicular Basalt:Vesicular Basalt:
trapped gases form bubbles (vesicles)

Fig. 12.6

Fig. 12.7

Pyroclastic Pyroclastic 
Material:Material:

Fragmentary 
volcanic rocks 
ejected into the 

air

Fig. 12.7
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Fig. 12.8

Volcanic BombVolcanic Bomb

Fig. 12.9

Volcanic BrecciaVolcanic Breccia

Fig. 12.9

Welded Tuff Formed from Welded Tuff Formed from 
PyroclasticPyroclastic--Flow DepositFlow Deposit
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Eruptive Styles and LandformsEruptive Styles and Landforms

Fig. 12.11

Shield Volcano

Volcanic Dome

Cinder Cone
Volcano

Composite 
Volcano

Crater Caldera

Mauna Kea

Mauna LoaMauna Loa

Fig.12.11.aFig.12.11.a

Shield Volcano

Fig.12.11.a
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Shield VolcanoesShield Volcanoes

• Formed mainly of basaltic lavas
• Gentle sides: ~2-10 degrees
• Can be huge: up to 120 km wide!
• Long duration of activity:10,000’s yrs
• Eruptions usually non-violent

Lyn Topinka/USGS

Fig. 
12.11b

Lava
Dome

Fig. 12.11b

Volcanic DomeVolcanic Dome
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Volcanic DomesVolcanic Domes

• Form of viscous felsic lavas
• Steep-sided and small:~100’s m wide
• Grow slowly

Paricutin Volcano, Mexico (1943-1952)

Mark Hurd Aerial Surveys Fig. 12.11c

Cerro Negro 
Cinder Cone, 

near 
Managua, 
Nicaragua

in 1968
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Cinder ConeCinder Cone

Fig. 12.11c

Cinder ConesCinder Cones

• Formed mainly of basaltic pyroclastic 
material

• Steep sides: ~30 degrees
• Relatively small: ~ 1 km wide
• Short-lived: typically a single event

Raga/The Stock Market Fig. 12.11d

Mt Fujiyama, Japan
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Composite VolcanoComposite Volcano

Fig. 12.11d

Composite VolcanoComposite Volcano

• Mainly alternating pyroclastic deposits 
and andesitic lava flows

• Slopes are intermediate in steepness
• Relatively large: ~10-15 km wide
• Intermittent eruptions over long time 

span: 1,000’s of yrs
• Eruptions often highly explosive

CalderaCaldera

Fig. 12.11e



10

CalderaCaldera

• A large depression (typically several 
km wide) formed by collapse of a 
volcano into a partially drained 
magma chamber

• May have younger domes within it

Fig. 12.12

Fig. 12.12
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Fig. 12.12

Fig. 12.12

Fig. 12.5

Phreatic Explosion:Phreatic Explosion:
caused by magma mixing with water 
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Formation of a DiatremeFormation of a Diatreme

Fig. 12.13

Fig. 12.13

Almost 5 carat yellow diamond
found in Crater of Diamonds, AK
last year

Shiprock,Shiprock,
New MexicoNew Mexico

Fig. 12.13
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Fissure EruptionsFissure Eruptions

A volcanic eruption originating 
along an elongate fissure rather 
than a central vent.

Fig. 12.15

Volcanoes along Volcanoes along 
the Laki Fissure the Laki Fissure 
(Iceland) formed (Iceland) formed 
in 1783, resulting in 1783, resulting 
in the largest lava in the largest lava 
flow in recorded flow in recorded 

historyhistory

Fig. 12.15

Fissure Eruptions Fissure Eruptions 
and associated and associated 
Flood BasaltsFlood Basalts
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Volcanic Hazards

Volcanologist* studying lava flow.Volcanologist* studying lava flow.
Kilauea Volcano, HawaiiKilauea Volcano, Hawaii

* Subsequently killed by pyroclastic flow in Japan

Mt. St. Helens: Before Mt. St. Helens: Before 
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Mt. St. Helens: During Mt. St. Helens: During 

Mt. St. Helens: After Mt. St. Helens: After 

Fig. 12.19

Active Active SubaerialSubaerial Volcanoes of the World Volcanoes of the World 
(80% at convergent plate boundaries)(80% at convergent plate boundaries)
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Fig. 12.20

Volcanism Associated with Plate Tectonics

Fig. 12.21

Hot Spot TracksHot Spot Tracks

Fig. 12.21
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Fig. 12.21

Fig. 12.21

Yellowstone Hot Spot Track Formed as Yellowstone Hot Spot Track Formed as 
the North American Plate Moved WSWthe North American Plate Moved WSW

Fig. 12.21

Age of Yellowstone Calderas Track Age of Yellowstone Calderas Track 
Movement of Plate Over the Hot SpotMovement of Plate Over the Hot Spot

North American plate motion
to SW at ~25mm/yr
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Types of Volcanic HazardsTypes of Volcanic Hazards

• Lava Flows: 
– e.g. Hawaii, 1998

• Gas: 
– e.g. Lake Nyos (Cameroon), 1984 -1700 

people killed
• Ash fall:

– e.g. Mt Pinatubo, 1991

Lava Flow, Hawaii

Tree-kill area from Carbon Dioxide
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Ash from Mt. Pinatubo

Types of Volcanic Hazards

• Pyroclastic flows: 
– e.g. Mt Pelee, 1902 - 28,000 killed

• Lahars (mudflows): 
– e.g. Nevado del Ruiz, 1985 - 23,000 killed

• Tsunami: 
– e.g. Krakatoa, 1883 - 36,417 killed

Fig. 12.10

Pyroclastic Flows:Pyroclastic Flows:

A density flow consisting A density flow consisting 
of a hot (up to 800of a hot (up to 800oo C), C), 

poisonous mixture of gas poisonous mixture of gas 
and pyroclastic material and pyroclastic material 

moving moving downslopedownslope at at 
speed in excess of 200 speed in excess of 200 

km/hr!km/hr!
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Lahars Lahars 
(Volcanic mudflows)(Volcanic mudflows)

Formed by the sudden mixing of 
large volumes of pyroclastic 
material with water (e.g. heavy 
rain, draining of crater lake, 
melting of glacier). 

They Move Fast

Lahars can move 100+ km/hr, and 
can cover large areas (1,000’s of 
km2), and can kill large numbers of 
people (~25,000 in one event)

Fig. 12.24

Cumulative Deaths Due to Volcanic Cumulative Deaths Due to Volcanic 
Eruptions Over the Last 2,000 YearsEruptions Over the Last 2,000 Years
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Volcanic Explosivity Index

Plinian ash cloud, Mt. Pinatubo

Relative Sizes of Eruptions
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Fig. 12.26

Location of Potentially Hazardous Location of Potentially Hazardous 
Volcanoes in AlaskaVolcanoes in Alaska

Redoubt Volcano, Alaska 1989

Fig. 12.26

Location of potentially hazardous Location of potentially hazardous 
volcanoes in Hawaiivolcanoes in Hawaii……
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Fig. 12.26

……and in and in 
North America!North America!

Long Valley Caldera

Hawaii Eruption Cycle


