Some Notes on Volcanoes and Extrusive Igneous Rock
Volcanoes occur above subduction zones, above mantle hotspots, along rift zones and the mid-ocean ridge system, and in localized areas in continental crust where block rotations and translations result in deep gaps that (perhaps) generate decompression melting(?)

Extrusive igneous rock types (simplified for the purposes of this course) 

•  rhyolite


- same composition as intrusive rock "granite"



-  pink potassium feldspar, sodium feldspar, quartz, amphibole



- silica rich



- crystallizes at cooler temperatures (~750°C) than basalt



- higher viscosity magma than basalt



- rhyolitic volcanoes are composite/stratavolcanoes that tend to erupt explosively



- rhyolitic volcanoes are located on continental crust


•  andesite


- same composition as intrusive rock "diorite"



- feldspar, little or no quartz, amphibole ± pyroxene



- intermediate silica content



- crystallizes at intermediate temperatures relative to rhyolite or basalt



- higher viscosity magma than basalt



- andesitic volcanoes are composite/stratavolcanoes that tend to erupt explosively



- andesitic volcanoes are located on continental crust

•  basalt


- same composition as intrusive rock "gabbro"



- darker/translucent calcium feldspar, pyroxene, olivine



- silica poor



- crystallizes at high/hot temperatures (starting at ~1250°C)



- lower viscosity magma than rhyolite or andesite



- shield volcanoes are basaltic, and erupt without explosion

- basaltic volcanism is characteristic of oceanic crust, and occurs locally on continental crust:  rift zones, above hot spots, etc.

Tuff is a volcanic rock composed largely or entirely of solidified ash

Pyroclastic breccia is composed of gravel-sized particles ejected from a volcano, usually in a matrix of ash.
Pumice is a frothy material composed largely of glass and air.  Blocks of pumice float on water, at least until water fills enough of the pore space in it.

Obsidian is volcanic glass, formed from the rapid quenching of magma -- fast enough so that mineral crystals could not form.  Obsidian is said to be a supercooled liquid.

The material blown out of a volcano is collectively called pyroclastic material, from the words "pyro" meaning fire and "klastos" meaning broken

• dust is less than 1/16 mm in diameter (silt-clay sized particles)


• ash is 1/16 to 2 mm in diameter (sand sized particles)


• cinders or lapilli are 2-64 mm in diameter (pebbles-cobbles)


• bombs and blocks are more than 64 mm in diameter (boulders)

Magma viscosity is a function of...


• temperature:  hotter magma has lower viscosity


• silica content:  less silica results in lower viscosity


• dissolved water:  more dissolved water results in lower viscosity


• gas bubbles:  more gas bubbles results in higher viscosity

Volcano types
• shield volcanoes have gently sloping sides and a broad base.  The tallest mountains in the solar system are shield volcanoes:  Hawaii (Earth) and Olympus Mons (Mars).  All of the Hawaiian Islands are shield volcanoes.

• composite volcanoes or stratavolcanoes have steeply sloping sides and a relatively narrow base.  Arc volcanoes (above subduction zones) like those in the Cascade Range of Washington, Oregon and northern California, are shield volcanoes.  Formed by successive layers of lava flows and pyroclastic debris.

• cinder cones are (essentially) small volcanoes composed largely or entirely of scoriaceous basalt (a.k.a. scoria or cinder), like the stuff at the bottom of many barbeques.

• rhyolite domes or obsidian domes form from very viscous felsic magma.  The crater of Mt. St. Helens contains a rhyolite dome formed since the catastrophic eruption of May 1980.  Collapse of rhyolite domes can generate devastating pyroclastic flows.

• flood basalts or plateau basalts:  massive eruptons covering thousands of km2
Some geomorphic elements of volcanoes
• a vent is the orifice at the top of a volcano through which gas and magma erupt

• a crater is the bowl-shaped feature at the top of a volcano where the vent is located.

• a fissure is a crack in the side of a volcano through which magma can flow.  These might be circular and concentric with the crater, or (more commonly) radial, extending like spokes away from the crater.

• a caldera is a broad depression at the top of some volcanoes, formed when the magma chamber collapses after eruption. 

• a volcanic neck is the eroded remnants of the main conduit in the center of a volcano through which magma flowed when the volcano was active.

Some terms associated with volcanic flow forms
• aa (pronounced AH-ah) is the Hawaiian word for blocky lava

• pahoehoe (pronounced pah-HOY-hoy) is the Hawaiian word for ropey lava

• pillow lava is formed when magma flows onto the seafloor.  When the >1000°C lava meets the cold sea water, the outer surface urns to a glass film and the magma is extruded in big glass bubbles, a bit like filling water balloons.  Pouring molten wax into water yields the same sort of forms.  The pillows can vary from less than a meter to a couple of meters in length.

• columnar jointing occurs during cooling of thick magma flows, and in some near-surface sills.  As the magma cools and solidifies, it shrinks.  One mechanism to allow shrinkage is the generation of fracture systems that isolate ~6-sided columns of cooling rock from one another, in a process that is quite similar to the development of shrinkage cracks in drying mud.
Some effects of volcanoes
• Volcanic activity can lead to the creation of new land area

• source of geothermal energy

• concentration of economic minerals such as gold, silver, et cetera

• might have played a role in providing the environment for development of life on Earth, perhaps along mid-ocean ridges or in other niches like the geyser pools at Yellowstone

• source of much of Earth's atmosphere and (perhaps) water

• natural contributor to acid rain

• natural contributor of the "greenhouse gas" carbon dioxide to the atmosphere

• Large explosive eruptions can insert fine particles into the upper atmosphere that have the effect of changing Earth's albedo, making it look whiter from space and reflecting some of the Sun's radiation away from Earth's surface
Volcanic hazards
• being blown to pieces, if you have the bad luck of standing in the crater of an explosive volcano when it erupts (e.g., Galeras Volcano, 1993)

• burial by volcanic flows (e.g., Kalapana, Hawaii)

• burial by ejected volcanic material ± flows (e.g., Heimaey, Iceland)

• burial by ash (e.g., area around Mt. Pinatubo, Philippines) leading to collapse of buildings and destruction of crops, transportation, communication facilities, water supplies, famine and starvation
• burial/incineration by pyroclastic flows (e.g., Pompeii and Herculaneum destroyed in 79 AD by pyroclastic flows from Vesuvius, and St. Pierre (30,000 dead) on the island of Martinique destroyed by pyroclastic flows from Mt. Pelee in 1902)

• burial by volcanic debris flows called lahars (e.g., Columbian town of Armero, buried along with ~23,000 residents by a lahar from Nevada del Ruiz Volcano)

• suffocation or poisoning from volcanic gas or ash (e.g., Lake Nyos, Cameroon; 1700 dead)
• Floods related to melting snow or ice (jökulhlaup)

• damage to motors and other mechanical devices by ash

• earthquakes

• tsunamis (e.g., Krakatau eruption in Indonesia (1883), which killed at least 36,417 people)
PAGE  
1
http://CroninProjects.org/Vince/Course/PhysGeol/VolcanoNotes.doc



