Volcanoes I
Volcanoes form where magma and gas leak out from Earth’s crust
Magma: Created by melting pre-existing rock below Earth’s surface and reaches surface through fractures (melted in the earth) melt + crystals + bubbles
Lava: melted at earth’s surface
Dike – vertical intrusion of magma   Sill – Horizontal intrusion of magma
Viscosity: resistance to flow, controls flow, eruption style, depends on temperature, gas content, crystal content
Felsic –high viscosity, high silica (felsic)  Mafic –low viscosity, low silica (Mafic)
Basalt: mafic (less silica), low viscosity = non-explosive (lava)
Andesite: mix of both
Rhyolite: felsic (more silica ), high viscosity = explosive (ash)
MAFIC: LOW LOW No Explode
FELSIC: HIGH HIGH EXPLODE
Volcanoes occur at 2 locations:
· Plate boundaries (Divergent – out, convergent melting only in subduction – in, transform – sliding)
Crust composition and melt origin will strongly influence the type of volcanism
Subduction zones occur at continent-ocean collision boundaries (also ocean-ocean collision boundaries) 
Decompression = melting
· Arc volcanoes = erupt gas rich magmas
· Hotspots = temperature directly coming up (Depending on what is melting at the surface) blowtorch at oceanic crust (Yellowstone)
Continental rift volcanism: Divergent… magma rises and make volcanoes
Continental volcanic arc: Ocean plate subduction under continental plate
Hot-spot volcanoes:  Oceanic plate
Volcanic island arc: Oceanic subduction under another oceanic plate

Mafic magma first  peridotite melt   and then turn into felsic
Arc volcanoes = explosive = gas rich magmas
	
	Divergent
	Subduction zones
	Hot Spots

	Volcanic setting
	Continental
	Oceanic, continental
Oceanic, oceanic
	Continental (Yellowstone)
Oceanic (Hawaii)

	Melting
	Mantle material rises: Dike
	Hydration of mantle by subducting plate
	Mantle material rises in cylindrical plume

	Magma type
	Continental: mafic/intermediate/felsic
Oceanic: mafic
	Continental: mafic/intermediate/felsic
Oceanic: mafic
	Continental: mafic/intermediate/felsic
Oceanic: mafic



Cinder cones: Mafic, explosive
Basalt, erupt for few years then never again
Shield volcanoes: mafic, non-explosive
Lava erupts from fissure, runs down gentle slopes, cooling…. Erupts often…. Not very explosive
Stratovolcanoes: intermediate/felsic, mixed
Lava flows, lahars, pyroclastic flows, viscous magma
Calderas: felsic, explosive
Created from large, explosive eruption of felsic pyroclastic material, roof of magma chamber collapses

Explosiveness:
Effusive: outpour of molten magma from vent  lava (Wine pouring)
Lava flows (mafic-intermediate) lava domes (felsic-intermediate)  Gravitational collapse of lava flows/domes (pyroclastic flows)
Explosive: Gas driven, violent eruptions  pyroclastic deposits (popping champagne bottle)
Eruption column of ash…. Pyroclastic flow (column collapse) Air fall…. Blocks and bombs 
Key to explosiveness: Gas content + melt viscosity
Levels: Hawaiian  Strombolian  Vulcanian  Plinian
Phreatomagmatic: Water + Magma (steam) explosive
VEI scale: Volume of ash produced, height of eruption cloud above the vent, duration of eruption
HAZARD AND RISK
Hazard: death injuries, etc.
Risk: probability (chance of potential loss)
	Hazards
	Characteristics

	Lava
	Flow slowly, hard to stop, damage buildings

	Pyroclastic fall (ash fall)
	Collapse, hard to breath, covers plane

	Pyroclastic flows
	DEATH

	Lahars
	Travel far, no need for eruption

	Sector collapse (volcanic landslide)
	You know what happens

	Volcanic gases
	Toxic, kill plants and animals



MONITORING
Hazard maps: seismology, ground deformation INSAR, gas emission (fumaroles) FTIR, thermal imaging, lahar flow detection, satellite observation.
LANDSLIDES
Classification:
Type of material
Rock, soil/earth, mud, debris
Type of motion
Falls – steep slopes, gravity, very fast
Slides (cohesive block moves on a failure surface)  slow – fast, 
· Curved/bowl shaped failure surface, rotational slide
· Flat/planar failure surface: translational slide (slow to fast)
Flows (fluid) chaotic, can be fast or slow
Complex movements: combination of mass movements (slide becomes a flow)
Rate of movement:
Speed, if movement is slow, or slower = creep, soil flow, earth flow
Causes and triggers
Stability of slopes:
Gravity, shear stress (side to side across plane) T
Friction, cohesion (how materials hold together)
	Material
	Friction
	Cohesion
	Shear strength 

	Crystalline rock (igneous, metamorphic)
	Moderate
	Very high
	High (if cohesive)

	Sedimentary rock
	Moderate
	High to moderate
	Moderate

	Most sediment
	Low to moderate
	Low
	low



[image: ]Cause: factors (often long term) leading to instability of given slope.
Reduce shear strength or increase shear stress of slope
But do not initiate movement
Trigger: factors (short events) make instability into motion
Many causes but only one trigger

External causes:
· Slope angle: must have a slope to have mass movement, steeper slopes = more potential for movement
· Undercutting: lower part of slope is removed, removes supporting material, roads rivers, buildings
· Overloading: adding weight, buildings, roads, landslides, trees
· Vegetation: Roots bind loose material, Heavy trees can increase instability, removal makes slope unstable
· Climate: Rainfall, water
Internal causes:
· Water: adds weight, decrease normal force, stress, friction, help or hinder cohesion (depends on amount of water)
Sediment: now water = low angle, some water = high angle, too much water = low angle
Solid rock: reduces shear strength along fractures…. Freeze/thaw
· Inherently weak materials: some materials are weak, fail or low angle of repose
· [bookmark: _GoBack]Bad geologic structures: unfortunate bedding or fracture orientation, structures angled in an instable direction
Cause (reduce shear strength)  Trigger (initiates motion)  Effect (fall, slide, flow, or complex movement)
Mitigation:
Avoidance
Prevention: Remove material (expensive) Stabilizing slopes, Drainage, barrier, net
 
image1.png
_ L
ST

F, >> 1.0 stable slope
F, < 1.0 Fail!

F




