Plate Tectonics, Eruptive Styles, and Volcanoes:
· 90% of volcanism occurs at the edges of plates in spreading centers and subduction zones
· Subduction zones cause tall volcanic mountains seen at the edges of continents but releases very little magma compared to spreading centers
· Some volcanoes are generally misclassified due to our need for land but the lifecycle of spreading centers can be several millions of years
· A rule of thumb: if the volcano is aesthetically pleasing to the eye, its active
· Magma is primarily composed of oxygen and silicon, which dwarfs the other chemicals
· If the magma cools below the surface, it forms plutonic rocks [gabbro, diorite, granite]; if it solidifies above the surface, it forms volcanic rocks [basalt, andesite, rhyolite]
· The higher the viscosity of magma, the less it flows
· Magmatic viscosity is changed by three factors:
· High temperatures lower viscosity by causing atoms to spread further apart
· Silicon and oxygen increase the viscosity because they create more bonds between atoms, making flows more difficult
· Increased content of minerals increases viscosity
· Magma contains volatiles [dissolved gases] that increase in solubility when pressure increases and temperature decreases
· Basalt has the lowest viscosity of the volcanic magma due to high temperatures and lowest silicon-oxygen
· Water is more common in rhyolite at 4-6% and results in more explosive blasts as the dissolved vapour attempts to escape
· Spreading centers are ideal for volcanism because they sit above the high-temperature asthenosphere, the asthenosphere has low percentages of silicon-oxygen, and the oceanic plates that spread apart introduces the magma to a lower pressure surrounding, allowing it to move more freely
· Minerals from explosions:
· Lava
· Aa – rough and blocky
· Pahoehoe – smooth and ropy
· Pillow – ellipsoidal masses; formed in water
· Pyroclastic
· Fine ash – flour-sized
· Course ash – sand sized
· Cinders – marble-golf ball sized
· Blocks – angular fragments; solid while airborne
· Bombs – big fragments; liquid while airborne; aerodynamic
· Volcanic tuff – rock made from smaller fragments
· Volcanic breccias – rock made of course, angular fragment
· Glass
· Obsidian – non porous glass
· Pumice – porous froth
· The three Vs of volcanology
· Viscosity
· Can be low, medium, or high
· Controls how the magma flows or piles up
· Volatiles
· Content may be lo, medium, or high
· May ooze out harmlessly or viciously explode
· Volume
· May be small, large, or very large
· Correlates well with eruption intensity [greater the volume, the more intense the eruption
· Eruptive styles
· Hawaiian – basalt, low volatile content, low viscosity [least explosive form]
· Commonly preceded by earthquakes
· Few fatalities
· Hot spot
· Only one active volcano, Kilauea
· Island-to-be Loihi is explosively rising upwards, the heavy ocean water suppressing these eruptions
· Icelandic – same as Hawaiian
· Most peaceful
· Fissure eruptions because lava pours out of linear vents or long fractures
· Can be pretty to watch and create almost perfectly horizontal layers of volcanic rock
· Strombolian – basalt and andesite, medium volatile content, low to medium viscosity
· Gas pressure builds quickly beneath the crust and eruptions occur as distinct, separate bursts
· Not strong enough to break the volcanic cone
· Vulcanian – basalt, andesite, and rhyolite, medium to high volatile content, medium to high viscosity
· Alternate between thick, highly viscous lava and masses of pyroclastic material blown out of the volcano
· Some eruptions are violent blasts and cover wide areas
· Commonly corresponds to the early phase of an eruptive sequence leading to a plinian-type eruption [‘clearing it’s throat’]
· Plinian – andesite and rhyolite, high volatile content, high viscosity [most explosive form]
· Named for Pliny the Younger who detailed the eruption of Vesuvius in 79CE
· Incredible gas powered vertical columns carry pyroclastic debris 50km into the atmosphere
· Common final phase of an eruption sequence
· About 2-3 occur each century
· These columns can trigger volcanic weather, taking steam to the atmosphere, condensing it, dropping it like rain and causing mudflows, or lahars.
· Volcanism control by the Vs
· Low Viscosity + Low Volatiles + Large Volume = Shield volcanoes
· Formed by basalt flows which spread out over long distances
· Hawaiian and Icelandic eruptions
· Low Viscosity + Low Volatiles + Very Large Volume = flood basalts
· Largest volcanic events known on earth
· Two important descriptive facts
· Immense amount of mass and energy they pour onto the surface
· A geologically brief time of 1-3 million years
· Low/Medium Viscosity + Medium/High Volatiles + Small Volume = scoria cones
· Low height conical hills
· Formed from basaltic to andesitic pyroclastic debris
· Produced during a single eruptive interval
· Has a summit crater that can hold lava lakes during eruption
· Usually don’t erupt more than once and degrade quickly due to their make-up
· Medium/High Viscosity + Medium/High Volatiles + Large Volume = stratovolcanoes
· Also called composite volcanoes
· Commonly steep sided, symmetrical volcanic peaks built from alternating layers of pyroclastic debris; successfully capped by high viscosity flows that form a cap
· May show marked variations in their magma compositions from eruption to eruption and their eruption types may include vulcanian and plinian
· High Viscosity + Low Volatiles + Small volume = lava domes
· High viscosity magma with low volatile content cools quickly and produces a hardened dome, or plug
· Part of a larger volcanic process
· Typical eruption sequence
· Gas rich minerals shoot out
· Vulcanian blast
· Long lasting, gas-driven Plinian eruption
· Once the gas is depleted, slower, high viscosity lava oozes out to form another dome
· High Viscosity + High Volatiles + Very large Volume = calderas
· Largest of violently explosive behaviours
· Caused by a roof collapse into partially emptied magma reservoirs
· Vary from volcanic craters in that they are larger and collapse inwards
· Can take many sizes in different settings from continental calderas to being on the summit of different volcanoes
· Resurgent calderas – a raised area inside a caldera
Chapter 8:
· Volcanism at Spreading Centers
· Most volcanism takes place beneath the ocean
· Spreading centers represent the primary way in which new basaltic crust is formed
· Iceland was created by a mid-Atlantic spreading center and has many active volcanoes, eruptions occurring every five years
· Volcanism at Subduction Zones
· These volcanoes have the biggest effect on humans
· Heavily populated surroundings, effects on the atmosphere with plumes of fumes, and primarily explosive volcanoes are the three primary concerns
· Volcanism at Hot Spots
· Shallow magmas or plumes of slowly rising mantle rock
· Most hot spots operate for about 100 million years
· Relatively peaceful eruptions
· Canada’s Sleeping Volcanoes
· More than 200 potentially active volcanoes, 49 of which have erupted in the last 12000 years
· Volcanoes in Canada are isolated to the Yukon and BC
· Three types of tectonic environments and a variety of volcanic landforms are involved
· Subduction zones in southern BC and southwest Yukon due to the subduction of the pacific plate under the  North American plate
· In central BC, a number of volcanoes following the Anahim hot spot track
· In northern BC and Yukon, the crust is subjected to stretching and thinning with the development of a continental rift; several volcanoes lie in this weakened crust
· Garibaldi, southern BC
· Most explosive volcanoes in the country
· In the shadow of Vancouver’s metropolitan area
· Closed permanently as a preventative measure
· Nazko Cone, central BC
· Hot spot believed to have been active for over 23 million years
· Nazko is the youngest volcano at 340000 years ago
· Tseax Cone, northern BC
· Cause of the worst natural disaster in Canadian history
· Eruption in the 18th century caused the deaths of 2000 people
· Exists in the weakened crust of northern BC and southern Yukon
· Volcanic Hazards in Canada
· Primary concerns rest in Vancouver and Victoria
· Killer Events and Processes
· Volcanoes are capable of killing people in multiple ways such as suffocation, burning alive, drowning, physical trauma, etc.
· Historical record of volcano fatalities
· Studies done on 530 volcanic events
· 29% - pyroclastic flow
· 23% - famine [indirect]
· 21% - tsunami
· 15% - lahar
· 7% - Unknown
· 2% - pyroclastic fall [bombs]
· 2% - debris avalanche
· 1% - gas
· 1% - flood
· <1% - earthquake
· <1% - lightning
· Volcano monitoring and Warning
· Measuring signs of impending eruptions
· Seismic waves
· Ground deformation
· Gas measurements
Textbook terms to remember

Aa – lava flow with a rough, blocky surface
Active volcano – currently erupting volcano or has erupted in recent historical times
Andesite – volcanic rock that commonly results from the melting of continental rock in basaltic magma
Basalt – a dark, finely crystalline volcanic rock typical of low-viscosity oceanic lavas
Caldera – a large basin shaped volcanic depression that forms by a piston-like collapse of overlying rock into an underlying, partially empty magma chamber
Cinder Cone – steep volcanic hill made of loose pyroclastic debris
Composite Volcano – see stratovolcano
Crater – an abrupt basin commonly rimmed by ejected material; formed in volcanoes by outward explosions
Crystallization – the growth of minerals in a fluid such as magma
Decompression melting – the most common process of creating magma; melting occurs by reducing pressure on the hot rock
Dormant volcano – a quiet volcano that has erupted in the last several thousand years
Extinct volcano – a volcano that hasn’t emptied during the last several thousand years and isn’t expected to again
Fissure – a narrow crack in the rock
Flood basalt – tremendous outpourings of basaltic lava that form thick, extensive plateaus
Jokulhlaup – glacial outburst flood
Lahar – a volcanic mudflow of water and volcanic debris
Lava dome – a mountain made by highly viscous lava which has plugged the central conduit
Nuee Ardente – a turbulent glowing cloud of hot, fast moving volcanic ash, dust, and gas [see pyroclastic flow]
Obsidian – dark volcanic glass
Pahoehoe –lava flows with a smooth, ropy surface
Plinian eruption - type of eruption where an immense column of pyroclastic debris and gases is blown vertically to great heights
Plutonic rock – rock formed by the solidification of magma deep below the surface
Pumice – volcanic glass that is so porous, it can float in water
Pyroclastic – material formed by volcanic explosion or aerial expulsion from a volcanic vent
Pyroclastic flow – fast moving cloud of hot gas, ash, magma, and rock fragments
Pyroclastic surge – a variety of pyroclastic flow with higher steam content and less pyroclastic material; surges are lower density, more dilute, higher velocity, and may flow outward in a radical pattern
Resurgent caldera – a large depression formed by a piston-like collapse of overlying rock into a magma chamber
Resurgent dome – the uplifted floor and mass of magma in the center of a large caldera
Rhyolite – a volcanic rock typical of continents; typically forms from high viscosity magma
Scoria cone – a small cone made of pyroclastic debris
Shield volcano – a very wide volcano built of low-viscosity lava
Stratovolcano – constructed by alternating layers of pyroclastic debris and lava flows
Tuya – volcano that erupts initially beneath a glacier, melts through the ice, and develops a flat lava cap
Ultra-Plinian – type of eruption characterized by exceptionally large outpourings of pyroclastic material that cover large areas
Volatile – gases dissolved in the melt
Volcanic Belt – a group of volcanoes located in a specific area
Volcanic rock – rock formed by solidified magma on the surface
Lecture Terms:
Differentiation – process by which gravity causes denser material to gradually migrate to the center of the planet
Mineral – naturally occurring inorganic solid
Monogenetic Volcano - eruptive phase of a few years in duration, only erupts once because after the first eruption, the volcanic conduit is clogged
Rock – solid aggregate of one or more minerals
Sheets – formed by silicate tetrahedrons
Rock Cycle – predates plate tectonics; process by which old rocks become new and classified rocks into three types
Igneous – form by cooling and solidification of magma
Crystallization – mineral formation in cooling magma
Sedimentary – form by erosion/compaction or precipitation
Metamorphic – form by the alteration of existing rocks by heat or pressure
Intrusive Igneous rocks – slow cooling with large crystals
Extrusive Igneous rocks – fast cooling with small crystals
Magma – partially molten rock below the earth’s surface
Lava – magma that reaches the surface
Viscosity – internal resistance of a liquid to flow
Volcanic explosivity index (VEI) – measure established to quantify the hazards posed by volcanoes, combines geological and historical records
Volcanism – process by which magma is extruded onto the surface
