Source of Energy                          Natural Hazard

Earth's internal energy -  earthquakes, tsunami, volcanic eruption

Solar Energy – Meteorological storm, flood, drought, wildfire, magnetic storm 

Gravity – Mass movement, snow avalanche 

impact energy – impact with space objects 

Types of Movements

· Falls

· Slides – translational, rational

· rational slides occur when theres failure on an oversteeped slope, along a concave rapture surface

1. multiple blocks often fail

2. due to natural factors such as road erosion or human activity such as road cuts

· flows

· mass movement – involves continuous internal deformation of the moving material 

· main differences between slides and flows:

1. Slides: little deformation within the moving material 

2. Flows: material thoroughly deformed during movement 

· 2 main types of flows depending on velocity:

1. slow → creep (gradual movement of debris and earth downhill)

· creep is assisted by alternating seasons

· soils rich in swelling clays have higher chance of creep due to expansion and contraction of clay

2. fast → rock, debris or earth flow

^ all the above are complex types

· Subsides

Rock, debris, earth flows 

· Mixture of rock fragments, soil and water flowing downslope as a viscous fluid 

· Generally confined to pre-existing channels

· Usually related to high water content 

· Often occur in relation with heavy rain or sudden snowmelt 

· Generally, earth flows are less deeply seated than rotational slides 

Gelifluction 

· Type of flow observed in northern regions, linked to the melting of the top layer of permafrost 

· Water cannot drain through the permanently frozen, impermeable layer below

·  Soil becomes saturated and weak, and flows down gentle slopes 

Complex events

· Combination of falls, slides and/or flows 

· Most mass movements are complex events

· Avalanche: rapid complex event 

Case Study - Hope rock avalanche, BC 9 January 1965, 6:58 AM 

· Type: complex rock/debris avalanche 

· Volume of material displaced: 46 millions m3 

· Duration: a few seconds 

· Casualties: four people 

· Seismic signature 

· Local seismograph stations recorded signal associated with the rock avalanche 

· 11:56 UT Small precursor mass movement 

· 14:59 UT Main Hope rock avalanche 

· Changes to the landscape: 

· Valley filled by 70 m thick debris

·  Lake Outram buried 

· • Water and clay “splashed” on the mountains on the south side of the valley 

Case Study - Frank slide, AB 29 April 1903, 4:10 AM 

· Type: complex rock/debris avalanche 

· Volume of material displaced: – 30 millions m3 

· Duration: 100 seconds 

· Fatalities: ~70 people 

· Enduring fascination from general public: 

· Location: Crowsnest Pass 

· Survival stories 

· Myths about the place

· Other contributing factors: 

· Cycles of freezing and melting open cracks in rocks 

· Heavy snow cover 

· Possible coal mining 

· Fatalities 

· Exact figure not known 

· Several families buried in their sleep 

·  3 trainmen loading coal into railway cars 

· Construction camp workers 

· Fortunately: slide missed town where more residents lived 

· Miners trapped underground 

· Tremendous shaking 

· Air blast: 

· All lights blown out 

· Men and horses thrown off their feet 

·  Shower of falling rocks 

·  Entrance blocked by rock and timber 

· Lower mine tunnel rapidly filling with water 

· Miners dig their way out 

· Miners decide to dig through coal steam outcropping on the side of the mountain 

· Effort: 

· 13 hours 

· Digging through coal (6 m) and limestone (3 m) 

· All 17 miners make it safely to surface 

Turtle Mountain

Geology:

· Top of mountain: 

· Very hard limestone resistant to erosion 

· Base of mountain: 

· Very soft shale and a coal steam 

· Frank: mining "boom" town opened in 1901 

· Unstable anticline 

· Fractures parallel to plane of weakness 

· Name given by First Nation people: "The Mountain That Moves" 

· Rocks regularly fell from the peak 

· First Nation people would not camp beside it 

· Turtle mountain still unstable? 

· Unstable rock pinacles in North Peak 

· After 1911, most buildings moved to New Frank, a few kms away 

· Currently, Turtle mountain being monitored as part of a research project 

· Demonstrate state-of-the-art technologies to detect small movements 

Fractures found in the same direction as the slope are more unstable -refer to diagram in lecture*

Subsidence 

· Sinking of the land surface 

· Causes: 

· Rapid subsidence: surface collapse of underground cavities

· Man-made: abandoned excavated cavities 

· Natural: sinkholes 

· Slow subsidence: 

· Removal of subsurface fluids 

· Ground water 

· Oil and natural gas 

·  Decomposition of organic soils 

Sinkholes

· Circular area of subsidence caused by collapse into subterranean void 

·  Occur typically in soluble sedimentary rocks 

·  Eg: limestone 

· Diameter ≈ tens of metres 

Cover-subsidance sinkholes and cover-collapse sinkholes

Mass movements cost 100 to 200$ annually in canada

· Mass movements in Canada 

·  Relation between geological environment and type of mass movement 

· St-Lawrence River Valley: lateral spreads

·  Prairies: slides and flows of weak, poorly consolidated surface material 

· Permafrost terranes: gelifluction

· Cordillera: falls and complex events 

Mitigation strategies

Action                                                       Mitigation strategies

remove the hazard                    →              Decreasing slope angle

                                                                    Benching of the slope 






          Rock scaling 

reinforce the hazard               →              Cylinder piles, Rock bolts , Shotcrete,  Rock berms 

support the hazard               →        Concrete buttresses 

contain the hazard           →          lock block walls

protect against hazard      →              rock fall protection system 

· Remove the hazard 

· Designing more stable slopes 

· Decreasing slope angle 

· Benching of the slope 

· Removing unstable material locally by rock scaling 

· Reinforce the hazard 

· Shotcrete: sprayed cement 

· Often with additives like fiberglass for additional strength 

· Protect against hazard 

· Examples: 

· High-energy catchment nets direct falling material into the ditch 

· Concrete shed protect especially sensitive areas like tunnel entrances

· Automatic warning system triggered by falling material 

· Train receives order to proceed at restricted speed 

· Several rock fall protection systems often used in parallel 

· Snowpack 

·  Snowpack is composed of several layers with different characteristics 

· Thickness, density, hardness, cohesion, strength, etc. 

· Formed under different meteorological conditions 

· Properties can change over time 

· Cohesion

· Property of the particles of a material to stick together 

· Low-cohesion snow: fresh "powder" snow 

·  95% volume is void space 

· Cohesive snow: 

· Wet snow 

· Liquid water between particles of ice 

· Compacted snow:

· Snow particles densely packed and tightly bounded 

· Snow crystals

· New snow characterized by 6-sided crystals 

· Diameter ≈ 0.5 mm 

·  Aging crystals 

· More rounded 

· More densely packed 

·  More cohesive 

Weak layers form in 3 different ways: 

1. When wind is increasing during a storm

2. Depth hoar

3. Surface hoar 

Within the snowpack, weak layers are sandwiched between stronger layers .

· Hoar 

· Relatively large crystals formed by the deposition of water vapour into ice 

· Often grow on existing crystals 

· Some hoar crystals are feather shaped 

· When hoar crystals grow, the density of the snowpack decreases 

·  Hoar crystals tend not to gain strength as they are compacted within the snowpack 

· remains a weak layer

· Weak layers usually - less dense - more transparent than adjacent layers 

· Depth hoar 

· Depth hoar commonly found at the base of shallow snowpacks following periods of cold weather  

· Formation of depth hoar: 

· Vapour from underlying soil deposits on snow crystals at the base of the snowpack 

· Hoar crystals grow 

· Density of the lower layer of the snowpack decreases 

· Surface hoar 

· Surface hoar forms on cold, clear nights 

· Vapour from the atmosphere deposits on the surface of the snowpack 

Inuit phrases for snow:

· aqilluqqaaq – fresh and soggy snow

· ijaruvak – melted snow that turned to ice cystals

· katakartanaq – crusty snow, broken by steps

· quiasuqaq – refrozen snow surface

· pukak – dry snow cystals like sugar powder

· munnguqtuq – compressed snow that softens in spring

· masak – wet snow

· kinirtaq – wet and compact snow

snow avalanches

· Avala – "to descend, to go down" in old French 

· Morphology similar to mass movements of earth materials 

· Start zone 

· Most volatile part of the slope where unstable snow begins to slide 

·  Track 

· Path followed by the avalanche moving downhill 

· Runout zone

· Zone where snow and debris stop and are deposited 

· Zone where a victim is most likely to be buried 

· Snow can be as hard as cement 

· Size range 

· Sluff: avalanche too small to bury a person 

· Avalanche large enough to bury a village 

·  Travel distance range 

· A few metres to several kilometres 

· Speed range 

· Dry snow 65-100 km/h 

· Wet snow 30-65 km/h 

· Generally more destructive, because of the greater force of impact of the denser material 

· Avalanches ranked in terms of "size" 

· Logarithmic scale based on the mass of snow 

· The two types of avalanches can happen in any kind of snow 

·  Point-release avalanche 

· Slab avalanche 

· Most often, type depends on cohesion:

· Low-cohesion snow → Point-release avalanche 

· Cohesive snow → Slab avalanche 

· Point-release avalanches

· Most often develop in low-cohesion snow 

· Inverted V-shape 

· Develop from a single point 

· Trigger additional snow during downslope movement 

· Similarities with flow of earth materials: 

· Turbulent mix of snow during downslope movement 

· Affect a relatively thin superficial layer of snow 

· Slab Avalanches

· Involve several layers of cohesive snow 

· Fracture first develops on the perimeter of the slab 

· Avalanche starts when fracture spreads to a weak layer at the base 

· The most dangerous avalanches are slab avalanches 

· Usually larger than point-release avalanches 

· Greater force of impact of cohesive snow 

· Similarities with slides of earth materials: 

· Especially in the initial stage when blocks detach and start moving downslope, maintaining coherence Well-defined failure surface 

· Affect several layers of snow 

· Conditions decreasing stability 

· Low friction

· Several potential failure surfaces 

· At the contact between different layers 

· Melt-freeze crust might develop between snowfalls 

· Smooth 

· Low friction coefficient 

· Presence of weak material 

· Weak layers 

· Cannot support the weight of overlying layers 

· Water-saturated snowpack 

· Slope angle of the start zone 

· >50º → Frequent point-release avalanche and sluffs 

· 25º-50º → Infrequent, large dry slab avalanches → Recreational use 

· <25º → Slab avalanches only 

· Uploading of slope 

· Orientation of slope with respect to dominant wind strongly affect snow deposition 

· Cornices developing on downwind slope 

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

· Additional weight decreases stability

· Wind deposits snow 10 times faster than snow falling during a storm 

· Fractures 

· Gravity causes snowpack to creep downslope 

· Top of snowpack moves faster than bottom 

· Shear stress induces fractures 

Avalanche triggers and causes

· Weather conditions 

· Most avalanches occur naturally during or soon after snow storms 

· 24 hours following a heavy snowstorm are the most critical 

· Human activities 

· In 90% of recreational accidents, the victim or a group member triggers the avalanche 

· One of the most dangerous times is when natural avalanches have ceased 

· Intentional trigger as part of control program 

· Avalanche victims 

· ≈150 fatalities/year in 17 ICAR countries (International Commission on Alpine Rescue) 

· 600 fatalities in Canada since mid-1800s 

· ≈11 fatalities/year in Canada (last 33 years) 

· ≈16 fatalities/year in Canada (last 5 years) 

· General victim profile 

· Male in his 20s 

· Backcountry skier 

· Killed between 12:00-14:00 in winter 

· Victim or group member triggers the avalanche while on foot (55%) or snowmobile (32%) 

· Statistics reflect socioeconomic trends – Early years: victims are people building the railway or working at mine sites – Currently: recreationists 

· Only 5-10% of victims survive being buried in more than 1.5 m of snow 

· Survival rate drops rapidly with increasing duration of burial 

· 50% survival rate for 30-minute burial 

· 15% survival rate for 2-hour burial

· Rescue depends on: – Available resources – Accident location: backcountry vs populated area 

Case Study - Hospice du Grand-St-Bernard, Switzerland 

· Congrégation des Chanoines réguliers du Grand-St-Bernard 

· Catholic religious order 

· Currently ≈ 45 priests 

· Founded by Bernard de Menthon 

· Born in 1020 in France from an aristocratic family 

· Became a priest in Italy 

· Cared for travellers who crossed the Mont-Joux pass in the Alps (important link between Northern and Southern Europe) 

· Bernard de Menthon decided to build an hospice in the pass as a safe haven for travellers 

· Altitude: 2500 m 

· Snow cover: 7 months/year 

· Dogs at the Grand-St-Bernard since 17th century 

· Originally: protection against thieves 

· Later: mountain rescue 

· 2004: kennel bought by 2 foundations 

· St-Bernard dog 

· Cross-breed between Roman empire dogs and indigenous Swiss dogs •

· Exceptional qualities 

· Sense of smell: detects a victim buried under 3 m of snow from a distance of 50 m 

· Instinctively tries to dig out and warm victim 

· Wander on their own in the mountains and guide lost travellers 

When caught in avalanche:

· Let go ski, poles, backpack to make yourself lighter 

· Use swimming motion to stay near the surface of the snow 

· If you are in over your head, try to maintain an air pocket in front of your face 

· Many avalanche fatalities are caused by suffocation 

· Remain calm so that your body can better conserve energy 

Avalanche hazard preventation/mitigation:

· Avoidance 

· Best mitigation strategy 

· Avalanche bulletins 

· Issued by Canadian Avalanche Association (Revelstoke, BC), based on avalanche forecasting •

· Using the International Avalanche Danger Scale 

· refer to lecture for avalanche danger scale

· using explosives to test unstable snow 

· Structures in the start zone  

· Inclined fences supporting the snowpack 

· Expensive and unsightly 

· Used only to protect busy roads and villages –Rare in Canada 

· Wind-modifying fences 

· Used where wind-deposited snow is the primary factor in avalanche formation 

· Structures in the track and runout zone 

· Designed to deflect avalanches 

· Rock berms 

· Avalanche sheds over roads and tracks 

Zonation – No consistent policy in Canada

Avalanche forecasting is based on: 

· Observation of recent avalanches 

· Assessment of snowpack stability and strength 

· Identification of weak layers within the snowpack 

· Weather 

· Precipitation 

· Wind 

· Temperature 

Avalanches in Canada

· 1.5million avalanches enough to bury a person per year in Western Canada

· 100 incidents/year reported 

· Effects 

· Injuries and fatalities 

· Traffic delays 

· Economic impact ≥ 5M$/year – Damage to property and forests 

Case Study - 1910 Roger’s Pass avalanche 

· Rogers’s pass is in the Selkirk Mountains of Glacier National Park, BC 

· Extreme topography 

· Important transportation corridor 

· CP Railway 

· Trans-Canada Highway 

· 250 avalanche fatalities in Roger’s pass during the construction of the railway (1885-1911) 

· 4 March 1910 

· CPR night workers clearing tracks of snow from a previous avalanche from Cheops Mountain

· Caught in an avalanche from Avalanche  Mountain on the opposite side of the valley 

· 62 lost lives 

· 1 survivor 

Case Study - 1999 Kangiqsualujjuaq avalanche 

· Inuit community in northern Quebec – Population: 650 people 

· 31 December 1999 

· Community celebrating in school gym 

· Tons of snow slid from steep hill and smashed into the building burying people inside

·  Base of the hill only 300 m from school 

· 9 lives lost, 25 people critically injured 

· Human error identified as possible cause due to disregard of warnings 

· Precursor avalanche in 1993… 

· considered a "natural" disaster

Faraday’s law in the laboratory 

· Magnetic field variations induce an electrical current in a medium 

· The induced current creates its own magnetic field 

Faraday’s law in nature 

• Variations in the Earth’s magnetic field induce electrical ("telluric") currents  

· In the ground 

· On electrically conducting networks 

· Telegraph network 

· Telephone lines and seafloor cables 

· Pipelines 

· Power transmission lines 

Magnetotelluric sounding 

• Prospecting technique 

• Record for a few hours to a few days 

· Earth’s magnetic field

· Telluric currents 

• Estimate the electrical conductivity in the subsurface (large scale) 

Electromagnetic surveying 

• Prospecting technique 

· Ground-based or airborne

• Controlled experiment 

– An artificial varying magnetic field induces currents in subsurface ore bodies 

– These currents generate a magnetic field recorded at the surface 

Estimate the depth, shape and electrical conductivity of subsurface ore bodies 

· Metallic ore bodies are more conductive than the surrounding rocks

Geomagnetic hazards 

• Extreme variations of the Earth’s magnetic field can have a significant effect on technological systems 

• Geomagnetic effects observed for 150 years 

-Disturbances on the telegraph first stimulated investigations

Earth’s magnetic field 

• What does a magnetometer at the surface of the Earth record? 

Internal geomagnetic field + external geomagnetic field

earth's core                               Ionosphere Magnetosphere    

Differentiation of the Earth Inner core: 

inner core :Solid iron 

Outer core: Liquid iron 

Very dense 

• Denser material gradually migrated to the center of the Earth 

 Density increasing from surface to center 

Internal geomagnetic field due to movement of liquid iron in outer core 

· Earth’s rotation 

· Heat transfer by convection at the outer-inner core boundary 

Internal geomagnetic field 

• Magnetic lines of force: theoretical representation of the force acting on a small magnet 

Internal geomagnetic field resembles that of a bar magnet 

Equator: horizontal lines of force 

• Parallel to surface 

Magnetic poles: vertical lines of force 

• Pointing in at North magnetic pole 

• Pointing out at South magnetic pole 

External geomagnetic field 

• Disturbances affecting technological systems are caused by variations of the external geomagnetic field 

· Short duration (hours, days) 

· Driven by solar activity 

Solar wind 

• The Sun’s outermost atmosphere (corona) is hot and turbulent 

Sun’s gravity cannot hold it down 

Upper fringes flow away in all directions 

• Solar wind: stream of charged particles flowing away from the Sun’s corona in all directions 

Solar wind takes 4-5 days to reach the Earth 

Strong gusts of solar wind caused by: 

Coronal holes: 

• Occur in a small localized area of the Sun’s surface 

• Violent explosions heat up material and shoot it in outer space 

Coronal mass ejections: 

• Star-scale events 

• Charged particles and radiation are released from the Sun’s corona in the vicinity of sunspots 

Solar activity follows approximately a 11-year cycle – SOLAR CYCLE

· In 1610, Galilei made the first sunspot observations with his newly invented telescope 

·  A higher number of sunspots is indicative of a more energetic Sun 

Magentic Storm

· Temporary (a few hours to a few days) large-scale perturbation of the external geomagnetic field due to high solar activity 

· Magnetic storms most frequent: 

· Peak of solar cycle 

· Declining phase of solar cycle 

Space weather 

• Changing environmental conditions in space 

Mostly related to solar activity 

Can "space weather" be predicted? 

YES – Information used in space weather forecast: 

• Satellite observations of the Sun 

• Geomagnetic data from international network of observatories 

• Knowledge of solar cycles 

Consequences on technological systems 

Problems due to: 

1. Bombardment by charged particles

· Problems affecting satellites: 

· Pressure from solar wind affect satellite orbit 

· Charged particles can interfere with circuitry 

· Charge build-up can lead to violent discharge 

2. Disturbances in the ionosphere

· Problems affecting the Global Positioning System (GPS) 

· GPS signal delayed between ground and satellite 

· Error in distance determination 

· Temporary loss of signal ("scintillation")  

3. Electromagnetic induction effects 

· Extreme variations in the external geomagnetic field induce telluric currents along electrically conducting networks 

· telegraph 

· Telephone 

· Power transmission lines 

· Pipelines 

Telegraph 

• First technological system involving long conductors on the Earth’s surface 

 Link between geomagnetic activity and technical problems made for the first time 

• Disturbances accompanied by fluctuations of compass needles and aurora sightings 

During the magnetic storm of 10 February 1958, transatlantic phone communication proceeded as alternately loud squawks and faint whispers as the naturally induced voltage acted with or against the cable supply voltage. 

Power transmission lines 

• Additional, telluric currents flowing along power transmission lines 

· Overheating of transformers 

· Spurious signals in network control systems 

Case Study - 1989 Hydro-Québec blackout 

· Triggered by one of the worst magnetic storm of the 20th century (13 March 1989) 

· Induced telluric currents of high intensity on the La Grande network 

· All 5 transmission lines to Montreal became unstable 

· Entire Hydro-Quebec grid collapsed within minutes 

· Nine-hour blackout affecting millions of people 

Pipelines 

• Pipeline lifetime ≈ 20 – 40 years 

• Cathodic protection system against corrosion  

Pipeline maintained at a certain optimal electrical potential 

During magnetic storms, telluric currents cause the potential to go out of range, leaving the pipeline unprotected 

lec 1

Natural disaster - Attributes • Significant casualties • Destructive impact on infrastructure • Disruption to society • Large economic losses • Call for exterior help • Media coverage • Government involvement 

IMPACT ON SOCIETY

Natural hazard: a source of danger that exists in the environment and that has the potential to cause harm • Examples of natural hazards: – Unstable snow and rock on mountain slope – High water levels – Lightning bolt 

Frequency • Number of similar events per unit time • Example: – On average, 4 former tropical cyclones affect Atlantic Canada every year • Frequency = 4 occurrences per year 

Return period 

Length of time between similar events – Severe hurricanes strike the US on average every 6 years 

Example: – Spring and Fall heavy rains • Frequency = 2 occurrences per year • Return period = 1/2 year or 6 months    ^inverse of the two 

Magnitude: amount of energy fuelling a natural event • Examples: – Force of hurricane winds 

Low magnitude events occur frequently • High magnitude events are rare 

Low magnitude events have a short return period • High magnitude events have a long return period 

Gravity: force of attraction between masses m1 and m2 , separated by a distance r 

The sun and planets are born from a rotating disk of cosmic gas and dust, the solar nebula • The flattened form of the disk constrain the planets: – To move in the same direction as the disk – To have their orbits in the same plane 

2. Planetary accretion • Accretion stages: 1. Accretion into planetesimals (diameter<1km) → Gravity 2. Planets • Collisions between a small number of large bodies in the final stage → Impact energy • All planets formed at the same time (≈ 4.6 billion years ago)

Differentiation: process by which gravity causes denser material to gradually migrate to the center of a planet 

Why is the center of the Earth hot? – Residual impact energy from planetary accretion 

The number of man-made disasters has been decreasing in recent years 

Global trend #2: The number of great natural disasters is increasing with time 

Global trend #3: The number of natural-disaster fatalities is increasing with time 

Economic losses from natural disasters are increasing with time 

The number of natural-disaster fatalities in Canada is decreasing with time 

· A severe hazard associated with low vulnerability has a lower risk level than a severe hazard associated with high vulnerability

Four pillars of emergency management 

· Response Short-term – Recovery Middle-term – Mitigation Long-term – Preparedness Long-term

 Mitigation • Long-term actions taken to reduce risk • Examples: – Structural mitigation • Building protective infrastructure: dams, dykes, floodways 

lec 2

What can increase structural vulnerability? ● Aging built infrastructure ● Critical infrastructure interdependencies ● Environmental degradation ● Unsustainable land-use planning ● Urbanization 

Case Study: 2013 Alberta Floods 

Most expensive disaster in Canadian history. ● $6B in losses; 60,000 evacuated; 1200 soldiers deployed, and four fatalities. ● GoC losses equivalent to 2013/2014 Deficit Reduction Action Plan reductions in all departments. ● The Bow River has flooded to similar levels (above 1500 m3 /s) five times in the last 134 years. ● Two post-flood proposed mitigation projects in Calgary alone expected to cost $830M. ● The level of flooding was neither unprecedented, unpredictable, nor unpreventable. ● The flood is consistent with the broader disaster trend in Canada 

Three other disasters since 2011, each over $1B each in total losses: • Overland flooding in Toronto - ON ($1.0B *); • Wildfires in Slave Lake - AB in 2011 ($1.5B**); and • 2011 Prairie Flooding – SK and MB ($1.0B***) 

Katrina

Vulnerabilities ● Faulty levee design and implementation ● A lack of town planning ● Large scale subsidence ● Draining of wetlands ● Extraction of groundwater ● Inappropriately designed waterways 
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Meteoroid: extraterrestrial debris orbiting the Sun – Potential impactor

 • Meteor: an impactor entering the Earth’s atmosphere and becoming incandescent because of friction 

Most meteoroids are fragments from asteroids • Asteroid: small rocky body orbiting the Sun – Asteroid < planet 

Main asteroid belt 

• Jupiter’s gravity creates zone of perturbations – Planetesimals could not "stick" together and grow to full-size planets 

Most asteroids are in the main asteroid belt between Mars and Jupiter 

A few meteoroids are fragments from comets 

• Comet: small object composed of ice and rock debris moving through outer space 

Comet ice can sublimate (solid → gas) near the Sun • Forming an atmosphere and, sometimes, a tail of dust and/or gas • Highly eccentric orbits 

asteriods → larger than 100m

meteorites → 1mm – 100m

shooting stars → 1mm

Impacting scenarios 

Cosmic dust (0.001 – 1 mm) 

• Pass through the atmosphere unchanged • Settles on the surface of the Earth • Amounts to ≈ 105 -106 kg/day – Planet Earth is gaining weight! 

Shooting stars (≈ 1 mm) 

• Earth is protected by its atmosphere • Shooting stars melt in the atmosphere because of friction – Blaze during ≈ 1 second, 100 km above ground – We see the streak of hot air 

Meteorites (1 mm – 100 m) 

• Pass through the atmosphere and fall on the Earth’s surface • Meteorites might split into fragments in mid-air 

During entry, exterior melts and is stripped away – Cold when reaching the surface – Often covered by black, glazed crust – Sometimes thumb-print texture due to atmospheric turbulence (regmaglypts) 

Stony meteorites are primitive – Composition similar to Earth’s mantle – Chondrules are solidified droplets of matter from the solar nebula 

iron and stony-iron meteorites are differentiated – Composition similar to Earth’s core 

Why are stony meteorites rarer than iron meteorites in collections? 

· Stony meteoroids break more easily during atmospheric entry – Stony meteorites on the ground are destroyed more rapidly by rain and frost – Stony meteorites look like terrestrial rocks and are often not recognized as meteorites

Asteroids (diameter > 100 m) 

• Not slowed down by the atmosphere • Explode on contact with Earth’s surface • Excavate craters ≈ 160 impact craters on Earth 

lec 4

Distinctive features of an impact 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 the crater

· Presence of meteorite fragments

· Shock minerals

· Shatter cones 

Sudbury, ON (1850 ± 3 Ma) • Largest and oldest impact crater in Canada – Heavily deformed by regional movements along faults • Originally: complex circular crater • Present day: elliptical structure 

The instrument used to make gravity measurements in the field is a gravimeter 

-___________________

lec 5

Differentiation: process by which gravity causes denser material to gradually migrate to the center of a planet 

Strength layers 

Gaseous atmosphere

 Liquid hydrosphere

 Rigid lithosphere 

Plastic asthenosphere 

Plastic mesophere - More viscous than asthenosphere

 Liquid outer core 

Solid inner core 

Tectonic: related to the deformation forces acting on the Earth’s lithosphere and responsible for the creation of mountain ranges and faults 

Continents move laterally, as part of rigid lithospheric plates that slide over a plastic asthenosphere – Lithosphere: continental and oceanic crust and rigid upper mantle – Asthenosphere: convecting upper mantle • Convection in the asthenosphere is the driving force 

Epicenter • Point on the Earth’s surface directly above the hypocenter – Epicenter locations outline plate boundaries 

Largest plate: Pacific plate – 80% of earthquakes – 75% of active and dormant volcanoes • Largest continent-continent collision: Himalayas 

Convergent zone 

Region where two tectonic plates collide • Dominant deformation force: compression – Immense amount of energy is released – Infrequent and great earthquakes – Shallow, intermediate and deep earthquakes 

Fault: fracture across which two blocks of rock move relative to each other – Classified according to the relative movement between blocks • Major faults extend several kms in the subsurface – Several faults are below ground and do not have a surface expression 

Richter magnitude scale • Based on 2 measurements made on one seismogram 

Calculations summarized visually in a nomograph 

5. Duration of shaking • Aftershocks: small earthquakes that follow the largest shock (mainshock) in an earthquake sequence • Foreshocks: small earthquakes that precede the mainshock

Shallow earthquakes particularly dangerous – Seismic waves propagate for a short distance and are less attenuated, causing strong ground motion – Hypocenters of megathrust earthquakes are relatively shallow 

Tsunami ("harbour wave" in Japanese) • Ocean wave most often generated by underwater disturbances of the seafloor – Mostly triggered by large earthquakes (magnitude ≥ 7.5) – Less commonly by volcanic eruptions, mass movements, impacts with space bodies 

Earthquake-caused tsunami – Trigger is a linear source (fault on seafloor) • Energy released in a preferential direction – Perpendicular to fault • Little attenuation – Potential for damage far away from source 

Volcano- and landslide-caused tsunami – Trigger is a point source • Energy flows away radially • Higher attenuation – More localized damage 

Mass movement • Collective name for a variety of processes for the downslope movement of earth materials under the direct influence of gravity 

Force that resists motion between two surfaces in contact • Controlling factors: – Roughess of the surfaces – Presence of lubricants 

Congelifraction • Change from liquid water to ice – 9 % volume increase – Tension generated • Conditions favorable to congelifraction: – Moist environment – Temperature fluctuating around freezing point – Fractures in rocks 

Mass movement occur in all 3 types of rocks but most often in sedimentary rocks • Rich in clay • Deposition planes are planes of weakness • Some sedimentary rocks are soluable in water

Triggers of mass movement Natural causes • Earthquakes • Volcanic activity (lahars) • Erosion – Undercutting 

