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What is a Natural Disaster?
An 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 

DIS: “away” + “without”
ASTRO: “star”, planet”
Greek origin meaning “ill-starred” (alignment of the stars)

Natural Disaster Attributes:
Significant Deaths
Destructive impact on infrastructure (bridges, buildings)
Disruption/Impact to society
Large economic losses
Call for exterior help
Media coverage
Government involvement 

*If there is no impact on society it is not a natural disaster* 
Ex. Large earthquake in Vancouver: YES (because of the impact on society)
Ex. Large earthquake in Artic Island: NO (no impact on society)

Natural Disaster Continuum:
An overcrowded ferry tips over (man made)
An overcrowded ferry tips over during a hurricane (natural disaster/man made)
A ferry sinks during a hurricane (natural disaster)

Warfare prevents farmers from growing food, causing famine (man made)
Warfare and drought prevent farmer cause famine (man made/natural disaster)
Long drought causes famine (natural disaster)

Natural disasters give the idea that disasters are primarily the fault of nature when in fact they are also the result of society 

“Natural” disasters are often triggered when society ignores natural hazards

Natural Hazard:
A source of danger that exists in the environment and that has the potential to cause harm
“Natural hazards are inevitable, but natural disasters are not because you can plan and reduce the risk”
Unstable snow and rock
High water level

“Disasters occur when hazards meet vulnerability”

Natural hazards meet Vulnerability which then causes a Disaster

Vulnerability:
Likelihood that a community will suffer injuries, death or property damage from a hazardous event

Metrics to describe hazard levels:

 FREQUENCY:
Number of occurrence per unit time
Ex. On average, 4 former tropical cyclones affect Atlantic Canada per year
Frequency= 4 occurrences per year
Ex. There is on average 1 great earthquake per year worldwide
Frequency= 1 occurrence per year

Return Period:
Length of time between similar events (number of weeks, number of years)
Ex. Severe hurricanes strike the US on average every 6 years

*Frequency and Return Period are two different ways to say the same thing*
Ex. Spring and Fall heavy rains
Frequency: 2 occurrences per year
Return Period: happens every ½ year or 6 months

Magnitude:
Amount of energy fuelling a natural event
Force of hurricane winds
Amplitude of ground motion during a earthquake
Low magnitude events occur frequently and short return period
High magnitude events are rare and long return period 

Sources of Energy:
Disasters occur where and when the earth’s natural processes concentrate and release energy suddenly 
Energy: capacity of a system to generate moving forces

Energy Sources:
4 energy sources fuel the Earth’s natural processes:
1. Earths internal energy (Earthquake, Tsunami, Volcano)
2. Gravity (Mass movements, Snow avalanche, Meteorological Storm)
3. Solar energy (sun) (Flood, Drought, Wildfire, Magnetic Storm)
4. Impact energy (impact with space objects)

Origin of the solar system:
1. Formation of the solar nebula: Gravity
2. Planetary accretion: Gravity, Solar energy, Impact energy
3. Planetary differentiation: Gravity, Earth’s internal energy 

Gravity:
Force of attraction between masses m1 and m2 separated by a distance (r)
Energy of an object attracted by a massive body 

Solar Nebula:
The sun and planets are born from a rotating disk of cosmic gas and dust called 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

Planetary 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 + Meteorites formed at the same time (4.6 billion years ago)
Close to the sun: Mercury, Venus, Earth and Mars
Further away from the sun: Jupiter, Saturn, Uranus, Neptune
Very far from the sun: Comets

Close the sun = hot (look more like earth)
Away from the sun = cold (giant planets with icy bodies, and less rocky)

Differentiation of Earth:
Process by which gravity causes denser material to gradually migrate to the center of a planet 
Inner core/Outer core: very dense (the middle of the earth made out of nickel and iron)
Mantle/Iron and Magnesium: dense (below the crust)
Crust/Silicon and Oxygen: less dense (where we stand)

Why is the Center of the Earth Hot?
Residual impact energy from planetary accretion
Decay of natural radioactive elements (uranium, thorium, potassium) which make the center of the earth hot

Geological Time:
Planet Earth is 4.6 billion years old (Ga)
World oldest rock: found in NWT called Acasta gness 4.1 billion years old
Time unit used in geology: 1 million year (Ma)

Ma= Million years
Ga= Billion years

Duration (how long It takes something to develop):
Duration of geological events cover several orders of magnitude
A few seconds: slop failure
A few minutes: a large earthquake
A few hours: a series of tsunami waves
A few days: magnetic storm 
Duration of geological events cover several orders of magnitude
Tens of years: active phase of a volcano
 A few millions of years: development of subsurface voids causing sinkholes
≈ 250 Ma: complete tectonic cycle • Recycling the Earth’s crust (longest cycle to develop)

Global Trends:
The number of man-made disasters has been decreasing in recent years
Introduction of vigorous health and safety policies in emerging economies
The number of great natural disaster is increasing with time
Geological disasters = constant
Weather related disasters = increasing with time 
The number of natural disaster fatalities is increasing with time
Globally, communities are increasingly vulnerable:
Population growth
Development in risky areas
Degradation of natural ecosystems
Over-reliance on technology
Economic losses from natural disasters are increasing with time

Canadian Trends:
The number of natural disasters in Canada is increasing with time
Climate change is the cause of increases in climate change 
The number of natural disaster fatalities in Canada is decreasing with time
Over the last century, Canada has successfully reduced the number of natural-disaster fatalities:
Improved engineering
 Long-term prevention
Extensive disaster education – Better warning systems
 Rapid response
In Canada, economic losses are mostly due to weather-related disasters

Risk:

Hazard + Vulnerability = Risk
A high probability hazard associated with low vulnerability can have the same risk level as a low probability hazard associated with high vulnerability

Reducing risk:
Response: short term
Recovery: middle-term
Mitigation: long-term
Preparedness: long-term

Response:
Immediate actions taken after a disaster has occurred to put the event under control
Effective response is swift and coordinated
Efforts by police, medical teams and firefighters

Recovery:
Middle-term activities to put the situation back to normal
Not always possible or desirable to go back to pre-disaster state

Mitigation:
Long-term actions taken to reduce risk
Examples:
Building protective infrastructure (dams, dykes, floodways)
Retrofitting buildings in high-risk seismic zones
Weather warnings
Building codes

Preparedness:
Planning for disasters by putting in place resources to cope with them when they occur
A home emergency kit
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Sources of Extraterrestrial Debris:

Meteoroids:
A meteor is a streak of light in the sky made by a fast-moving piece of rock from Space, called a meteoroid, heating up and vaporizing as it hits the atmosphere. 
Fragments from asteroids.
If any of the rock reaches the ground without vaporizing, what remains is called a meteorite.
Ex. Shooting star
Cold when they reach the surface
Meteoroids become meteorites only when they hit the ground
Contain information about extra-terrestrial rock forming processes (only source except for lunar rocks)

Asteroid:
Small rocky body orbiting the sun.
Smaller then a planet.
Not slowed down by the atmosphere
Explode on contact with earth’s surface
Larger than 100 m

Main Asteroid Belt:
Located between mars and Jupiter 
Occupies numerous amounts of mini planets + comets
Planets could not fully grow in-between this area because of the large gravitational field of Jupiter 
Most of the asteroid belt's mass has been lost since the formation of the Solar System
Collisions between asteroids in the belt send a few fragments to impact the earth 
Ceres = the biggest asteroid 

Near-Earth Asteroids:
Asteroids crossing the orbits of Earth or Mars
Less asteroids then the main asteroid belt
Examples: Apollo and Aten
Apollo: crosses the earth’s orbit 
Aten: crosses the earth’s orbit (closer to the sun)

Asteroids = primary source of impactors 
Comets = secondary source of impactors 

Comets:
Small object composed of ice and rock debris moving through outer space
Comets are far away from the sun 
Comets are also called “dirty-snowballs” (ice + rock)
Comet tail: solid turning to gar which creates a tail of dust/gas 
Example: Halley’s Comet (highly eccentric orbit)

Classification of Size:
1. Asteroid: larger then 100m (return period low)
2. Meteorites: 1mm – 100 m (return period low)
3. Shooting Stars: 1 mm (size of a grain of sand)
4. Cosmic dust: less then 1 mm (less then a grain of salt)

Magnitude of Impacts:
The larger the impactor, the larger amount of energy released upon impact 
Low magnitude events occur more
High magnitude events occur less
Smaller the impactor, shorter the return period of impact with earth 

Cosmic Dust:
Passes through the atmosphere unchanged
Settles on the surface of the earth
Earth is constantly receiving cosmic dust

Shooting Stars:
A common name for the visible path of a meteoroid as it enters the atmosphere to become a meteor.
Shooting stars melt in the atmosphere because of friction

Meteorite Classification:
Stony (rock)
Like the earth’s mantle
Iron/Stony Iron
Like the earth’s crust
Form crystals which cause them to be pretty (cross-hatch patterns)

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

Tagish Lake meteorite:
First Canadian meteorite
Stony meteorite
Looks like the earth’s mantle
Contains rare organic molecules 

Annaheim meteorite:
Second Canadian meteorite
Iron meteorite
Looks like the earth’s crust

Cape York meteorite:
Second largest meteorite found on earth
Discovered by R.E. Peary 

Measuring the density of stony meteorites:
3D laser imaging is a non-contact approach that measure the density

Many craters on the moon and mars are so visible because there is no rain on the moon and mars

Mid-Air explosions:
Tunguska, Siberia
Massive fireball in the sky
Blast heard 1000 km away
Did not cause a crater
Caused the forest to flatten 
Because it happened mid-air that is why there was no crater
Stony meteorite because there was no crater
Return period: 1000 years (frequent return)

The K/Pg boundary event:
A mass extinction
Dinosaurs and many other species in a single period of time 
Happened over 66 million years ago
K: cretaceous
Pg: Paleogene
Theory:
Sampled rocks had a high element of iridium which means an impact must have occurred which led them to search for the crater (Mexico)
Return period: 100 million years
Mass extinction has happened 5 times in the past 600 million years

Space has NOT become a more dangerous place but rather our detection capability have improved

Near-Earth Object Program:
Program that finds asteroids and puts them into a database

Torino Scale:
Evaluates impact hazard
0 = no hazard
10 = something that will end civilization
Currently two impact hazard’s on earth are level 1
Swift-Tuttle comet makes regular visits to the inner solar system

NEOSSat:
Near-Earth Object Surveillance Satellite
Canadian agency 
Duel purpose space telescope
Tracks asteroids 
Identifies space debris 
Circles earth every 100 minutes 


[bookmark: _WNSectionTitle_2][bookmark: _WNTabType_1]Impacts With Space Objects (geological)	12-01-06 9:13 PM

Impact crater morphology (shape of the craters):
Astrobleme = “star, planet” + blema “wound” (impact crater)
Crater diameter = 20X impactor diameter
The relation of the body hitting and the size of the *impact formed: 1/20 if the impactor is 10 meters then the crater formed is about 200 meters*
Craters with diameter greater then 5 km do no contain meteorites 
Impactor vaporized on impact 

How is an impact crater distinguished from other circular features (volcano, sinkholes)
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 mineral (high temperature + extreme pressure)
Shatter cones

Shatter cone:
A conical fragment of host rock fractured by the shock wave generated by the impact
Striations radiating from the apex
Terrestrial rocks
It does not come from space 
Examples: 
Sudbury Ontario (natural)
Blast shatter cone (man-made)

Simple craters:
Diameter less then 5 km
Small impactor 
Raised rim
Concave bottom lacking central uplift
Meteorites might be found
Example: Pingualuit crater

Complex craters:
Large impactor 
Diameter greater then 5 km
Collapsed rim
Central uplift 
Rebound feature 
No meteorites 

Impact craters:
160 impact craters in the world (don’t need to know this)
25 impact craters in Canada (so few because it is a pre-cambium shield territory)
Large territory (impacts are not evenly distributed)
Relatively “uneventful” recent geological history of the Canadian Precambrian Shield 
Craters are preserved 

Why have no craters been found in the Rockies?
Rocks are younger than those of the continental interior 
So young that nothing has developed 

Sudbury Crater (Ontario):
Oldest and largest impact crater
Heavily deformed by subsequent tectonic movements
Originally: complex circular crater
Present day: elliptical structure (potato shape)
 No Link between impact cratering and mineral resources (nickel) because the nickel is considered terrestrial 
Nickel originally found inside the rock 
Although 25% of impact sites worldwide have been associated mineral deposits 
Distinctive features: circular/shatter cones

Wanapitei Crater (a crater within a crater: Sudbury crater):
Did not form at the same time 
Lies entirely within the original limits of the Sudbury impact crater
Both the Sudbury crater and the Wanapitei crater are co-located
Wanapitei is a crater within a crater
Much younger then the Sudbury crater 
Crater is located underwater in lake Wanapitei 
Released by a gravity survey 
Gravity “low” indicated missing mass cavity 

Gravity:
Force of attraction between masses m1 and m1 separated by distance r
F= G m1 m2 / r2
Perfect earth for physics = spherical, homogenous and non-rotating 
Gravity would be constant everywhere if this was the case (9.8 m/s)
And Gravity would be pointed vertically downwards towards the earth’s center
BUT Gravity varies by very small amounts at different locations on the surface of the earth due to:
Ellipsoid shape of the planet 
Earth’s rotation
Irregular topography (mountains, valleys)
Heterogeneities in the subsurface (caves different things just beneath our feet that influence our gravity readings)
Objective of the gravity geophysical method:
Interpret these effects in terms of geology

How to measure gravity:
Very precise method
Field measurements
Apply Corrections for all effects not related to subsurface heterogeneities 
At the end of all of this you are left with a map that represents density variations in the sub-surface
The instrument used to make gravity measurements in the field is a gravimeter

Interpreting gravity data:
Gravity data are processed to map heterogeneities in the subsurface 
Positive anomaly: region denser than the surrounding material 
Example: rock with high concentration of metallic minerals (regular rock) 
Negative anomaly: region less dense than the surrounding material
Example: cavity, 
Impact craters are usually associated with low gravity ratings 

Brent Crater (Ontario):
Impactor:
 Hit by a Stony meteorite (150 m in diameter)
Had a Velocity of 20 km/s
Crater is a depression filled with two kidney-shaped lakes
Simple crater: 3 km in diameter (less then 5 km), 60 m deep 
Near northern boundary of Algonquin Park 
12 boreholes drilled in the crater in the 1950’s and 1960’s creating a cross-section (reconstruction) filled with recent rocks unrelated to the impact 
Features:
Circular feature
Steep-sided
Shattered rocks on crater floor
Large angular block of rock scattered around crater 

Charlevoix Crater (Quebec):
Semi-circular area on the north shore of the St. Lawrence river
Differs from regional topography
Shatter cones discovered during regional mapping
Heavily eroded
All crater-filling products removed
This site is also associated with earthquake activity  
Eau Claire (double-impact site):
Binary pair cause by two bodies closely bound by gravity 

Manicouagan Crater (Quebec):
Confirmed as an impact crater in 1963 when shock mineral were identified 
Original diameter: 100 km
Present day diameter: 75 km
Erosion has stripped away the outer region 
Hydroelectric reservoir since the 1960’s
Flooding revealed crater structure spectacularly 
Features:
Circular feature
Shock minerals

Haughton Crater (NU):
Shatter cones discovered in 1974 during geological exploration of Devon Island 
A planet used for space research!
Features:
Circular feature
Shatter cones
The site of NASA Haughton-Mars project 
Chosen because this site reminds them of mars
Understand how humans can survive and work in this environment 
Geological, geophysical and biological exploration 
Greenhouse project (Canadian Space Agency)

Life on Mars:
Martian surface environment is inhospitable for life
Cold surface (-63 degrees) (earth: 14 degrees)
Atmosphere is too thin
No protective ozone layer
Any organic material would be destroyed by ultraviolet radiation from the sun 
Little greenhouse warming effect 
Life might have developed in the subsurface
Much interest in mapping the subsurface with geophysical techniques and drilling
Several research projects at Haughton crater concern the use of geophysical instruments in a hard environment 
GPR survey: ground penetrating radar

Pingualuit Crater:
Formerly known as “Cratere Du Nouveau Quebec”
Discovered in 1943 when a pilot flew over
Archeological site for Inuit people 
Simple crater:
Diameter: 3 km
Rim: 160 m above the water surface 
Depth: 250 m
Impactor:
Diameter: 100-150 m 
Velocity: 25 km/s
No meteorites found
Features:
Circular feature
Shock minerals
Steep-sided 
Interesting facts:
“Pingualuit” means “large hill” in Inuktitut
Surround tundra very flat
Raised crater rim is a topographic high
Important landmark
Considered a archeological site 
Impactites found on site instead of meteorites:
Glassy materials found on terrestrial rocks produced by partial fusion of the host rocks by the heat generated from the impact 
Rich in iridium (also connected to the asteroid that kill the dinosaurs)
One of the deepest fresh water lakes in the world
Lake collects rain water
Looses 20% of its water by leakage from the bottom
Water stays 330 years in the lake
Only one type of fish: artic char
How was this fish introduced in the crater:
Water levels in the crater changed through geological time
And at one point the lake overflowed and drained into a neighboring lake and the fish swam up-current 
Water pure and transparent

Whitecourt (Alberta):
Youngest crater Canada
Most recently discovered crater in Canada
Discovered by local resident in 2007
Found meteorite fragments from using a metal detector (10 cm under the rim)
ONLY CRATER IN THE CANADA WHERE METEORIES HAVE BEEN FOUND
Impactor:
Iron meteorite 1m in diameter 
Velocity: 10 km/s 
Small depression in the woods 
Almost perfect bowl shape
Only 36 m in diameter, 6 m deep 
Features:
Circular feature
Steep-sided
*Presence of meteorite fragments*

Crater Counting:
In the absence of radiometric data, the surface of space bodies is date using “crater counting”
Older the surface the more craters there are 
Method has been calibrated with lunar data for which radiometric data is available 
Knowing the cratering rate (# craters of a given size per unit time), the age can be estimated
Example:
If rate is 1 crater of 1 km diameter per 10 Ma
4 craters of 1 km identified = 40 Ma
Assumptions:
Geological record has been preserved 
Not applicable to earth due to plate tectonics
Not applicable to Venus due to a complete resurfacing event
No or little erosion

Counting craters in Mars:
Mars’ surface
Northern plains:
Smooth and featureless
No crater
Young
Southern highlands
Rough topography
Craters everywhere
Older
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Space Weather:
3 magnetic regions in Canada:
1. Polar region
2. Aurora zone
3. Sub-Aurora zone

*Faraday’s Law (in the laboratory)*:
Discovered that magnetic field variations induce an electrical current in a medium 
Because of the induced electrical current it creates its own magnetic field 
Side Note: When the magnet is static (meaning no electricity) there is no induced electrical current

Faraday’s Law (in the nature):
Variations in the earth’s magnetic field induce electrical (“telluric”) currents in the ground 
These telluric currents are also found on conducting networks:
Telegraph network
Telephone lines and seafloor cables
Pipelines
Power transmission lines 

MagnetoTELLURIC sounding:
Prospecting technique for find diamonds or metallic electrodes
Record a few hours to a few days
Done by measuring the earth’s magnetic field and the telluric currents and by doing this you can estimate the electrical conductivity in the subsurface

Electromagnetic surveying:
Prospecting technique that takes matter into your own hands and conducts a controlled experiment to measure magnetic fields 
Can be conducted in the ground or airborne (faster)
An artificial varying magnetic field induces currents in the 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

The earth’s magnetic field (geomagnetic field)

Geomagnetic Hazards:
Extreme variations of the earth’s magnetic field can have a significant effect on technological systems (only a problem if the variation is extreme)
Geomagnetic effects have been observed for 150 years
Telegraph the first effect observed

What does a magnetometer at the surface of the earth record?
The magnetometer is a sensor that records the magnetic field of the earth
You record the super position of two things:
Internal magnetic field:
Earth’s core
External magnetic field: 
Ionosphere (above us)
Magnetosphere (above us)

Internal Magnetic Field (measures the earth’s core):
During the formation of earth the denser material gradually migrated to the center of the earth 
Inner core: solid iron (middle)
Outer core: liquid iron (outer)
The liquid is in motion because the earth rotates and also because there is a heat transfer by the inner core and the outer core (causing turbulence)
The movement of the liquid iron is what is causing the 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 (as if there was) 
Equator: horizontal lines of force that are parallel to surface
Magnetic poles: vertical lines of force 1. Pointing in at north magnetic pole and 2. Pointing out at south magnetic pole
SLOW variations (does not cause any problems)
Magnetic field in Ottawa 56000 nT
Over a few years: magnetic poles wander around the geographic poles
Every few 0.1 Ma: north and south magnetic poles flip polarity (north becomes south and south becomes north)
North magnetic pole has move 1100 km since its discovery in 1831 and should reach Siberia in 40 years

External geomagnetic field:
Disturbances affecting technological systems are caused by variation of the external geomagnetic field 
Shorter duration (hours, days)
Driven by solar activity 

Solar Wind:
Stream of charged particles flowing away from the sun’s corona in all direction
The sun’s outermost atmosphere (corona) is hot and turbulent and sometimes the outer fringes are so hot that they cannot be held in place thus creating winds in all directions
Solar wind takes 4-5 days to reach the earth
Strong gusts of solar win are caused by:
1. Coronal holes: violent explosion from a small area of the sun’s surface that heats up material and shoots it in outer space
2. Coronal mass ejection: star-scale event during which a burst of charged particles are released from the sun’s corona (the sun looses a large portion of its atmosphere causing solar wind) 

Solar Cycle:
Solar-activity follows approximately a 11 year cycle
Galilei made the first sunspot observations with his newly invented telescope (1610)
Large numbers of spots on the sun’s surface indicates high activity in the sun
Sun spots mark the location of coronal holes 
Previous solar cycle: 2000
Next solar cycle: 2013

Magnetic 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:
The Peak of solar cycle 
Or the Declining phase of solar cycle

Earth’s magnetosphere:
Region/ lines of force around the earth shielded from the solar wind by the internal geomagnetic field
Extends several 1000s km above the earth’s surface, beyond the atmosphere
Solar wind compresses magnetosphere sunward
Earth’s magnetosphere can deflect a coronal mass ejection 

Interaction between the solar wind and the earth’s magnetosphere:
The earth’s magnetosphere is not perfect and there is certain particles from the solar wind that will makes its way close to earth (100 km above the earth surface called the ionosphere)
We now have from the solar wind charged particles that create currents in the ionosphere which cause variations in the external geomagnetic field thus inducing telluric currents on the ground and on technological systems
Also some charged particles from the solar wind are guided by the magnetic field lines toward the poles creating the aurora borealis (not dangerous)
Excite atoms in the upper atmosphere
Emission of light: aurora borealis

Space Weather:
Changing environmental conditions in space which is most related cause of solar activity
Space weather can be predicted
Information used in space weather can predict: 
Satellite observation of the sun
Geomagnetic data from international network of observations
Knowledge of solar cycles

Consequences on technological systems:

1. Bombardment by charged particles
Problems affecting satellites
Pressure from solar winds affect satellites orbit
Charged particles can interfere with circuitry
Charge build-up can lead to violent discharge

2. Disturbances in the ionosphere
Problems affecting the GPS
GPS signal delayed between ground and satellite
Error in distance determination
Temporary loss of signal

3. Electromagnetic induction effects
Extreme variations in the external geomagnetic field induce telluric currents along electrically conducting networks
Telegraph (first technological system involving long conductors on the earth’s surface)
Disturbances accompanied by fluctuations of compass needles and aurora sightings 
Telephone (affected during a storm in 1958)
Power transmission lines (overheating of transformers, and serious signals in network control system)
Caused the hydro Quebec black in 1989
9 hour blackout
All 5 transmission lines to Montreal became unstable
Pipelines (lifetime of a pipeline 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 

Mitigation:
Ottawa geomagnetic lab is currently developing space weather forecasts specifically designed for utility companies 
Sensitive equipment is to be taken “off-line” during magnetic storms they warn people
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Distribution of earthquakes and volcanoes 

The theory of plate tectonics is central to understanding natural disasters related to the Earth’s internal energy
Earthquakes and volcanoes do not occur randomly 
most of them coincide with plate boundaries 

The layered Earth

3. Differentiation of the Earth
Differentiation: process by which gravity causes denser material to gradually migrate to the center of a planet
Earth is differentiated into layers based on:
Density
Physical properties and strength 
Inner core: very dense (solid iron)
Outer core: very dense (liquid iron)
Mantle: dense (iron and magnesium)
Crust: less dense (silicon and oxygen = sand)

1. Buoyancy (“to float”):
Earth can be described as a series of layers were less dense material floats on top of denser material
Low density continents float on top of the denser mantle
Mantle is supported by the very dense core
Low density and rigid atmosphere floats on top of denser and plastic asthenosphere 

2. Strength Layers:
Gaseous atmosphere 
Liquid hydrosphere
Rigid lithosphere
Plastic asthenosphere 
Plastic mesosphere (more viscous then asthenosphere)
Liquid outer core
Solid inner core
Loops represent large convection cells in asthenosphere and mesosphere
Convection: heat transfer by fluid circulation

Before “plate tectonics”

Early hypotheses:
1. Aristotle:
Earthquakes created by underground air escaping explosively after being heated by central fires
2. Kircher, Athanasius (German scholar):
Had witnessed active volcanoes in Italy
Drew early cross-sections of the Earth
Fire in the core inflame subsurface reservoirs feeding volcanoes around the globe
3. Catastrophism
Theory stating that the Earth’s landscape is shaped primarily by great catastrophes
Based on Christian religious teaching 
Earth has been created in 4004 BC
Required violent change to produce topographic features in only 6000 years 
4. Uniformitarianism (James Hutton)
The Earth’s natural processes operate with the same intensity and under the same set of physical constraints now as in the geologic past
Based on erosion rates, the Earth is much older than previously thought 
“The present is the key to the past” (Geike)

State of knowledge (19th century):
Earth’s internal structure understood:
The Earth radiates heat
Lord Kelvin estimated the cooling rate and calculated that the Earth is 20-100 Ma old
Basic geology of continents known:
Continents assumed to be fixed
Earth assumed to be rigid as steel 
Recycling of Earth material through the “Rock Cycle”

Rock Cycle:
The rock cycle describes processes by which older rocks are made into new rocks
Theoretical concept predating plate tectonics
Igneous rocks: rocks formed by cooling and solidification from molten liquid called magma 
Sedimentary rocks: the erosion and compaction of rock fragments by precipitation 
Metamorphic rocks: form by the alteration of existing rocks by heat and or pressure 
Fails to explain the distribution of rock types and processes on the surface of the Earth
Why do volcanoes and earthquakes occur at certain preferential locations?
Why are continents and oceans different?
How do mountains form?

Alfred Wegener:
German meteorologist/Artic explorer Alfred Wegener put forward the idea of the continental drift
Published “the Origin of the Continents and the Oceans”
Hypothesis largely correct but with incorrect details

Continental drift:
Continents are in motion, not fixed
Supercontinent called Pangea began breaking apart 200 Ma ago
Continents “drifted” to their present positions 
Unlike other scientists that had noticed the fit of continents, Wegener sought additional evidence in support of his theory
Matching of rock types, mountain ranges and fossils across the Atlantic 
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Earthquakes are caused by sudden movements along faults:
stress from deformation forces builds up until rocks fail
rocks fracture and shift
energy is released as seismic waves

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 
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