Lecture 1
Natural Disaster:   extreme natural event in which a large amount of energy is released in a short time with catastrophic consequences for life and infrastructure in the vicinity.
Natural Hazard:   source of danger that exists in the environment and that has the potential to cause harm.
Frequency – number of similar events per unit time.
Return Period: length of time between similar events
Magnitude: amount of energy fuelling a natural event. ‘released’.
Four energy sources that fuel Earth’s natural processes:
· Earth’s internal energy
· Gravity
· Solar energy
· Impact energy
Solar nebula:   rotating disk of cosmic gas and dust
Differentation: gravity causes denser material as you approach centre of planet.
Centre of earth is hot because of:   residual impact from planetary accretion, and the decay of radioactive elements – uranium, thorium, and potassium.
Global Trends
1. Number of man-made disasters has been increasing in recent years. – introduction of health and safety policies in emerging economies.
2. Number of great natural disasters is increasing with time. – geological disasters are constant, but weather related is increasing.
3. Number of natural-disaster fatalities is increasing with time. – communities are increasing vulnerable.
4. Economic losses from natural disasters are increasing with time.

Canadian Trends
1. Number of natural disasters in Canada is increasing with time.
2. Death rates from natural disasters in Canada is decreasing, due to education, engineering, warning systems, rapid response, etc.
3. In Canada, economic losses are mostly due to weather-related disasters.

Risk = vulnerability x hazard.
Four pillars of emergency management: response, recovery, mitigation, preparedness.
Response:  immediate actions taken after a disaster has occurred to put the event under control.
Recovery: middle-term activities to put the situation back to normal.
Mitigation:  long term actions to reduce risk.
Preparedness:  planning for disasters by putting in place resources to cope with them when they occur.

Lecture 2
Disaster = hazard x vulnerability.
All hazards environment: plans for natural disasters, terrorism, and human health.
Vulnerabilities of hurricane Katrina:
· Faulty dikes design.
· Lack of town planning, draining of wetlands.













Lecture 3
Meteoroid: extraterrestrial debris orbiting the sun. – Potential impact
Meteor: an impactor entering the earth’s atmosphere
Asteroids: small rocky body orbiting the sun. Smaller than a plant.
Main asteroid belt is between mars and the giant planets. (Jupiter)
Apollo and Aten asteroids cross Earth’s orbit.
Comet: small object composed of ice and rock debris moving through outer space.
Comets are after the giant planets.
Meteroids:
· Cosmic dust: 0.001-1mm. Smaller than grain of sand
· Shooting stars:  1mm.  Melts in atmosphere due to friction
· Meteorites:   1mm-100m. Can split into fragments. Pass atmosphere and fall of earth surface
· Asteroids: larger than 100m; not slowed down by atmosphere
Meteorites
· 95% stony – primitive, similar to earths mantle
· Iron 3%,and stony-iron %2.  Stony is rarer because they break easier in atmosphere, destroyed by rain. Look like terrestrial rocks.

K/Pg Boundary Event
K/Pg boundary event.aka Cretaceous/Paleogene Boundary Event. Major extinction: 65% species died, (the dinosaurs) – this is when Mesozoic, turned in Cenezoic. Discovery of world wide iridium rich layer. (meteorites are rich in iridium)
Cause: Impact – Impact was a catosphrophic event – related to the extinction. Asteroid of 10km diameter. There would have been an 11.3 earthquake. Tsunami waves of 300m tall, and wildfires.
Cause: - climate change: stress of life from extensive volcanism.
Worlds’ oldest rock – 4.1 Bil.Years – in NWT. 
Torino Scale: 10 levels, 0=no danger, 10=doomsday.


Lecture 4
Astrobleme:  astro = star,planet...+ blame “ wound”, this is a synonym for impact crater
Crater diameter = 20x impactor diameter.
Craters with diameter > 5km, do not contain meteorites. – impactor vaporised on impact.
Impact crater characteristics:   (complex crater)
· Circular feature
· Crater is steep-sided and closed
· Rim rocks are titled away from the crater
· Shattered rocks on the crater floor
· Large angular blocks of rock scattered around crater.
· Presence of meteorite fragments
· Shock minerals
· Shatter cones.

Shatter cone:   conical fragment of host rock fractured by the shock wave from impact.
Simple craters:  diameter < 5km. Raised rim, concave bottom lacking central uplift. Meteorites might be found.
Complex crater:  diameter > 5km. Collapsed rim, central uplift, no meteorites.
Gravity varies by very small amounts at different locations on the surface of the earth due to: heterogeneities in the subsurface.
Instrument used to make gravity measurements in field is gravimeter.
Impactite:  glassy material produced by partial fusion of the host rocks by the heat generated from impact. – rich in iridium







Lecture 5
Earthquakes and volcanoes mostly occur at plate boundaries.
Earth layers
1. Thin crust rich in silicon and oxygen.
2. Mantle is magnesium and iron-rich.
3. Core is iron-rich metallic.
Buoyancy: lower density floats above higher layer layers – continental crust has lower density than oceanic crust. Low-density crust floats on top of mantle.
Strength layers:   atmosphere, hydrosphere,lithosphere, asthenosphere,mesosphere.
Lithosphere-athenosphere boundary at a depth of 100km. Continental and oceanic crust and rigid upper mantle.
Asthenosphere: convecting upper mantle.
Convection: transfer of heat by fluid circulation.
Tectonic:  deformation forces acting on the earth’s lithosphere and respsonsible for the creation of mountain ranges and faults.
Tectonic cycle is an episode of large-scale deformation of the earth’s surface. – 1 cycle = 250 Ma.
Continents move laterally as part of rigid lithosphere plates that slide over a plastic asthenosphere.
Subduction: process in which a lithospheric plate descends beneath another, pulled down by gravity. Lense dense plate goes over top.
Internal geomagnetic field due to movement of liquid iron in outer core.
Bathymetry:  depth measurements at various places in a body of water.
Earthquake hypocenter:  point of origin of an earthquake in the subsurface.
Epicenter:  point on earths surface directly above hypocenter.
Pangea was a super continent 200 Ma ago.
Tension: force that pulls apart a body – diverging
Compression: force that shortens a body – converging
Shear: force applied parallel to the surface, causing slippage
Four tectonic environments
· Diverging zone:  spreading center – two plates pulled apart. New lithosphere is formed as molten asthenosphere is forced upward into gap.

· Converging zone:  region where two plates collide.
· When ocean (dense) collides with continent (less dense) ocean goes under.
· 2 oceans collide (less dense goes over)
· Continent-continent collision zone will form a high mountain

· Transform fault: shear force, fault that accommodates horizontal movement of tectonic plates against each other. No material created or consumed.

· Hot spot:  causes mainly tension, and sometime compression: slowly rising hot rocks that create volcanism on earth’s surface. Small region.  Long-lived. 

Lecture 6
Formation of new oceanic lithosphere:
1. Centering: lithosphere center over a hot region at depth.
2. Doming:  increase in heat causes the earth’s lithosphere to bulge up into a dome.
3. Rifting: area is pulled apart by tension. Rocks fracture. The central area sags. Rift = valley created at a pull-apart zone.
4. Spreading: new ocean floor is formed in pulled-apart area.

Subduction zone:
At depth <30km..
1. Crustal earthquakes due to compression in both overriding and subducting plates.
2. Megathrust earthquakes due to shear stress at the contact between overriding and subducting plates. Megathrust fault = boundary between the subducting and overriding plates.
At depth >100km, intraslab earthquakes due to cold rock consumed into hot asthenosphere.
Worlds biggest earthquakes are megathrust quakes.
Cascadia subduction zone: epicenters are juan de fuca, and north American plate.
Largest risk from crustal earthquakes are 6-7 magnitude. Return period = 30 years.
Catastrophic risk from megathrust earthquake is magnitude 9. Return period = 600 years.
In transform fault, plates stick, allowing stress to build. Stress is released in infrequent, major and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
Locked portions: deficient in earthquake activity.
Creeping portions:  frequent minor to moderate earthquakes release stress.
Hotspot: are frequent, strong, and shallow earthquakes. Earthquakes occur at shallow depth beneath the volcano.
Lecture 7
Fault: fracture across which two blocks of rock move relative to each other
Hanging wall: rock block above the fault
Footwall: rock block below the fault
Normal Fault: vertical movement – hanging wall moves down to footwall – tension
Reverse fault: vertical movement – hanging wall moves up to footwall – compression
Strike-strip fault: horizontal movement – two rock blocks move alongside each other – shear
Transform faults are strike-slip faults
Hypocenter: point of origin of an earthquake in the subsurface
Waves: oscillation in space and time travelling away from an initial disturbance
Seismic waves: waves caused by the release of energy in the Earth
Wavelength: distance between two troughs
No attenuation – constant amplitude
Low attenuation – loses amplitude slowly
High attenuation- loses amplitude quickly
Velocity of propagation v = L/T
Seismometer: sensor that detects earth’s motion
Seismograph: instrument that records these motions
Seismogram: paper record or digital file with data capturing Earth’s motions
Seismic waves – two types
1. Body waves:	propagate through the whole body of earth. Large earthquakes generate body waves recorded all over the world. f>1Hz fast, primary (P) and secondary (S) waves.
2. Surface waves:	propagate only near the earth’s surface. F<1Hz slow, Rayleigh waves, love waves.

Primary waves: compressional energy, small amp. Travel fasted. Propagate in solids, liquids and gases. More up and down motion.
Secondary waves:   shear energy – more destructive than P waves because they shake buildings sideways. Larger amplitude than P waves travel 1.7 times slower than P. Propagate in solids only.

Body Waves: Sideway motion from S waves is potentially more damaging to buildings than up-and-down motion from P waves. More side to side motion.
Surface waves: low frequency, slow velocity, large amplitude, low attenuation
Locating the epicenter of an earthquake
P waves travel faster than S waves. – further away from the epicenter, the greater the difference between the P and S arrival times at a seismograph station
Arrival time: time at which a particular seismic wave is recorded by a seismometer. 
Estimating the magnitude of an earthquake
Magnitude: total amount of energy released during fault rupture.
Richter scale: when the amp. Is multiplied by 10, magnitude increases by +1.
Ex; magnitude 5 is 10 times larger than magnitude 4.


Lecture 8
Intensity: measure of the effects of an earthquake on people and infrastructure.
Magnitude: total amount of energy released during fault rupture.
Mercalli scale. Measures intensity in 12 levels.
Isoseismal maps is same idea as topographic map but instead of elevation it is mercalli intensity.
Shakemap: intensity map generated automatically using data from networks of seismograph stations
Factors affecting earthquake magnitude.
1. Magnitude:, higher magnitude, high  intensity.
2. Epicenter location:  more damage if epicenter is densely populated.
3. Distance from epicenter. More shaking closer to epicenter – higher the intensity.
4. Hypocenter depth:  shallow earthquakes partically dangerous. Hypocenters of megathrust earthquakes are relatively shallow.
5. Duration of shaking: longer shake, higher chance of destruction.
6. Foundation materials: soil=top layer of earth’s surface, consists of rock and mineral with organic matter. Liquefaction = strength of soil is reduced by rapid and violent shaking or loading. Turns into liquid.
7. Building style:  elastic limit = materials will behave weirdly. Elastic limit  if higher hazard then total collapse. Less hazard then partial collapse.

Lecture 9
Causes of tsunami: large earthquakes magnitude>=7.5. less commonly by volcanic eruptions, etc.
Attenuation: loss in amplitude as the wave propagates away from its source. 
Shoaling causes waves to interact with the seafloor. 
Wind-caused waves are created by friction between wind and water surface. Water rotates in circles. Wind caused waves confined to first 100s m of water. 
Tsunami waves mostly created by differential vertical movement between two rock blocks on the seafloor. Water flows straight. 
Structural mitigation: towers, seawalls, flood gates. 
Non-structural mitigation: early warning systems, land use planning, evacuation routes, education. 
Tsunami-genic earthquakes , epicenter under water, vertical motion between rock blocks on the seafloor. 
Lecture 10
External conditions decreasing stability.
1. Adding mass high on a slope. Ex, water, it will erode, and become less stable.
2. Steep slope
3. Removing support at bottom of slope

Internal conditions:
1. Presence of weak material. – lubricants ex clay
2. Fractures in rock – parallel fractures are less stable.
3. Internal roles of water. Congelifraction = water expands when frozen. 

Silicates: group of minerals, containing silicon and oxygen combined with one or more other elements. 
Clay: variety of complex sheet silicates. Sheet surface is negatively charged. Attracts water molecules and positively charged ions.
Igneous rocks: cooling and solidification of magma
Sedimentary rocks: by erosion or precipation
Metamorphic rocks: heat and pressure. 
Mass movement occurs mostly in sedimentary. 
Mass movements:
Falls: free fall rocks falling.
Slides: slides down slope. 
Lateral spreads: movement of earth material results from liquefaction.

Lecture 11
Rotational slides: concave slope, due to wave erosion or human activity.
Flows: contionous internal deformation. Two types of flows.
1. Slow – creep: gradual, slow moment of earth and debris downhill. 
gelifluction: type of flow observed in northern regions, linked to the melting of the top layer of permafrost. 
2. Fast – rock, debris, and earth flows.

Complex events are combination of falls slides and or flows. 
Parallel fractures are less stable than perpendicular fractures.
Subsidence: sinking of the land surface.
Rapid subsidence = surface collapse of underground cavaities. 
Natural is sinkholes. 
Mitigation
1. Remove hazard – decrease slope angle, bench the slope, rock scaling.
2. Reinforce hazard – cylinder piles, rock bolts, shotcrete, rock berms.
3. Support hazard – concrete buttresses.
4. Contain hazard – lock block walls
5. Protect against hazard.  – rock fall protection systems.

Lecture 12
Cohesion – stickyness.
Hoar:  large crystals formed by deposition of water vapour into ice. As hoar grows, snowpack density decreases. Hoar remains a relatively weak layer. 
Avalanche types.
1. Point release – not sticky, area affected is a v shape. Does a flow slide, with snow instead. 
2. Slab avalanches – sticky, more dangerous. Similar to slides. 
Conditions decreasing stability
1. Low friction
2. Presence of weak material.
3. Slope angle
4. Uploading of slope.
5. Fractures.

Cornice = snow structure formed by wind drifting snow on the downwind side of an obstacle, often a mountain ridge line. 

