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Intro
· Biosphere, Atmosphere, Hydrosphere, Geosphere
· Why Study Earth?: Curiosity, Understanding the Enviornment, Resources
· Scientific Method: Facts, Hypothesis, Test, Theory (Accept/Modify/Reject)

Asteroids & Comets
1. Asteroids
1. Composition: Stony + Carbon Compounds ‘C’ – 75%, Silicate ‘S’ – 15%, Metallic ‘M’ – 10%
1. Formation: Inner solary system
1. Size: mm to 525 km in diamter; density: 3000 to 7000 kg/m^3
1. Comets
1. Dust and Ion tails, eccentric comet orbit, blown away from sun
1. Composition: ices, metallic dust, H20, methane, ammonia, organic compounds
1. Size: Nucleus up to 10km; tail (0 from far away/1000000km when heated); density: 100 kg/m^3
1. Locations: Asteroids in belt; Comets in Oort Cloud
1. Development: Condensation, accretion, fragmentation, sublimation ( comets)
1. Oldest Moon Rocks: 4.44 Ga; Oldest Earth Rocks: 4.0 Ga; Asteroids: 4.56 Ga; Formation of Earth: 4.6 Ga
1. Meteors: Asteroids and Comets entering the earth’s atmosphere

Planetary Systems

Earth Structure
1. Internal Structure: Concentric Layers
1. Earth & moon Formation: Accretion, Radioactive Decay and Compression – led to “Iron Catastrophe”
1. This simulataneous process increases heat more and more (faster than the radiation)
1. Rock is an excellent insulator; dense compounds move down, light compounds move up = total meltdown
1. Secondary Effects: Slowed heating (depletion of radioactive elements (all at surface)); Atmosphere created, Plate tectonics possible
1. Earth is still cooling today
1. Composition:
1. Crust (5-70 km); Continental – felsic to intermediate; Oceanic – Mafic
1. Felsic = low density, high SiO, low melting point, includes majority of radioactive atoms
1. Mafic = higher density, < 52% SiO, higher melting point   

Earth Topograpy & Rock Density
· Isostasy: tip of the iceberg
· Minerals:
· 1. It must me naturally formed, 2. It must be a solid, 3. It must have been formed by inorganic processes, 4. It must have a specific chemical composition, 5. It must have a characteristic crystal structure
· Igneous: Felsic, Intermediate, Mafic
· Igneous: Intrusive, Extrusive
· Igneous formed by the solidification of magma
· Sedimentary: the accumulation, and cementation of mineral grains, chemical precipitation at the deposition site:
· Sedimentary: least abundant, below surface
· Metamorphic: igneous and sed rocks altered by pressure and temperature
· Rock Cycle: what minerals are, what three basic groups there are, the processes, the rates

Seismology
1. Refracting and Reflecting
1. P Waves (Primary, Compressional, Push-Pull)
1. - change in volume, motion is parallel, spherical spreading
1. S Wave (Shear, Secondary, Shake)
1. - change Shape, Perpendicular, Can’t travel through liquid or gas, spherical spreading
1. Surface Waves (Love Waves and Raleigh Waves)
1. - interface waves
1. P – volume change, S – shape change, L – lateral motion, R –elliptical
1. P – 6km/s, S- 3.5km/s, Surface – 2 km/s
1. Speed depends on: 1) compressibility, 2) rigidity, 3) density
1. Abrupt changes in velocity: change in composition, addition of some melt, mineral phase change
1. Gradual changes in velocity: same composition, changes in pressure and temperature
1. Geothermal gradient
1. Radiation, Conduction, Advection, Convection: density change & buoyancy
1. Mantle Convection
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Electromagnetism
· Magnetism: forces between moving electric charges
· Eletromagnetism: an electric current generates a magnetic field; moving a conductor through a magnetic field generates a current
· Atomic level
· Four fundamental forces: 1) strong (nuclear), 2) electromagnetic 3) weak 4) gravity
· Dominant component (90%) of earth is a dipole field
· Declination: angle between magnetic north and geographic north
· Inclination
· Short Time Scale Variations: Solar wind/aurora borealis, magnetic storms
· Diurnal variations; Lightning, human influence:
· Historical Time Scales: Secular Variation: magnetic poles “wobble” around axis
· Geological Time Scales: Reversals
· Geomagnetic Characteristics
· 1) Static: 90%; 2) Dynamic: Secular variation and Reversals
· Must have dynamic source: reversals, wobble, be self-sustaining
· Dynamo in outer core
· Conductor is iron

Plate Tectonics
· Continental Drift
· Lithosphere = plate
· Basal Drag: friction between rigid lithosphere and the more ductile asthenosphere drags the plate along
· Slab Pull: cold descending plate is denser than mantle, gravity pulls plate down
· Ridge Push: Heating at the rift raises the ridge crest, gravity pulls the plate down from the high ridge
· Heat escapes through crust: magma, water (hydrothermal circulation)
· Divergent Margin
· Rift = spreading center
· Rising molten rock is hot; low density, rock expands
· Ocean crust: 180-200 Ma
· Continental Rifting
· Convergent Margin
· 1. Oceaninc-Continental
· Subduction – buoyancy wins
· Continental lithosphere: modified by deformation, intrusion, metamorphism; Enlarged by magmatism, accretion
· 2. Oceanic-Oceanic
· older lithosphere subducts
· 3. Continental-Contiental
· Convergence, no subduction, plates fuse
· Transform Margin
· Stike-slip fault motion; fracture zones
· Plate Speed
· 3-4 cm/year; not uniform
· Pangaea Breakup – 200 Ma
· Active Continental Margin: is a plate boundary
· Passive Continental Margin: is not a plate boundary
· Isostasy: mountains supported buoyantly by having thick, low density crust; also how intrusive rock can be exposed at surface
· Tip of the iceberg = densities
· Hydrothermal Circulation: hot water rises
· Hydrothermal Vents: chemosynthysis

Earthquakes
· Earthquakes caused by:
· Force applied causing deformation (elastic and/or ductile)
· Rock breaks (brittle deformation)
· Elastic rebound
· Earthquakes = vibrations or waves travelling through the Earth:
· P-waves (fastest)
· S-waves (slower)
· Surface waves (slowest)
· Speed controlled by rock properties
· Compressibility (solids and liquids)
· Rigidity (only solids)
· Density
· Mercalli Index Scale/Richter Scale/Moment Magnitude – based on area of fault slip, distance of fault slip, rigidity or stiffness of the rock
· Thrust (reverse) - compression/Normal - extension/Slip-strike – shear
· Divergent – shallow, normal fault, low intensity
· Transform – (Ocean) shallow/int, close to fault plane, low to medium intensity; (Cont.) shallow-int, broader, intensity low to high; slip-strike
· Convergent – interface, within overriding plate, within descending slab; thrust faulting, low to extreme intensities
· Convergent (Cont. to Cont.) – no subduction so quakes in lithosphere; thrust, low to very high intensities
· Intraplate earthquakes – large magnitudes, accumulation of strain in a plate; strike-slip or thrust
· Cascadia Subduction Zone -  no quakes on interface; 1) subduction had stopped? 2) smooth subduction? 3) locked subduction?
· Evidence: convergence and compression, uplift, tsunami sand layers, turbidite deposits, ghost forests
· A) gradual uplift and compression prior to release B) rapid subsidence and extension during release
· Evidence: a) locked subduction zone b) periodic release c) irregular cycle d) silent slip

Tsunamis
· Long wavelengths in deep water, short wavelengths in shallow water
· Are waves generated by displacing the water column
· Must be shallow enough they rupture the seafloor
· Can be caused by landslides/impacts
· Can be difficult to warn public in time/where it is difficult to communicate with public
· Wave speed dependent on water depth
· Deep ocean: small amplitude, fast velocity
· Shallow water: increasing drag, wave slows, amplitutde grows
· 2 Scenarios
· Broad Continental Shelf: wave begins growing far offshore
· Narrow Shelf: Wave grows rapidly as it nears land

Magmatism and Volacanoes
1) Source of magma 
2) Magma chemistry and characteristics 
3) Eruption style and related hazards 
4) How these factors vary depending on the type of plate boundary (or plume)
· 2/3 of Earth’s crust is entirely igneous (oceanic crust)
· Continental crust is predominantly igneous and metamporhosed igneous
· Volcanism – plate boundaries – Ring of Fire
· Intraplate volcanism
· Magma = molten rock + volatiles + solid rock -> formed by presrrue and temperature
· Melt fraction increases: temp incr, pressure decr, incr in water content, composition becomes more felsic
· Partial Melt: Differentiation
	
	Divergent Plates 
	Convergent Plates
	Intraplate Volcanism

	Source of Magma
	Asthenosphere; Solid; 1-10% Partial Melt
	Partial melt from upper crust, 100km
	Plume from the mantle

	Magma chemistry
	Mafic, very fluid lavas
	Subducting lith plate, melted continental or island arc lithosphere
	Ultra mafic to mafic, very fluid lavas

	Eruption Style
	Magma chamber, pillow lava, non violent eruptions
	Dikes, sills, magma chambers, batholiths, calderas, violent eruptions, necks
	Central Eruptions, Fissure Eruptions


· Volcanic Hazards:
· 1) lava flows
· 2) Tephra fall (ash, dust airborne material)
· 3) Pyroclastic flows (gases, dust, hot ash; flows down volcano slopes)
· 4) Lahars and Debris Flows (60-90% solid material, mud flow/water, eruption not required)
· 5) Explosions (trapped, high pressure gas released, require viscous, cool magma, high gas content (subduction)
· 6) Tsunami
· 7) Gas
· 8) Climate Change
· Volcanic Benefits:
· 1) Ash deposits fertile soils, geothermal power, ore formation and deposition, atmosphere and oceans, tourism
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Climate Change
· Atmosphere: N (78%), O2 (20%), Ar (0.93%), CO2, Ne, He
· Earth was originally dominated by H + He; Solar winds carried the elements away; gone by 4.2 Ga
· Second Atmosphere: Volcanic gasses: 70-90% H2O
· By 3.8 Ga: Planet cooled, atmospheric temperatures decreased, saturation, condensation, rain, surface water
· Formation of carbonate rocks in the ocean
· Erosion of silicate rocks on continent; remove C02 from atmosphere
· Evolution: Increasing N2
· Evolution: Increasing 02: generated by living organisms; photosynthesis
· Stromatolite fossils date back to 3.5 Ga
· Evolution: 1.2 Ga: apperance of photosynthetic algae
· 0.6 Ga: 02 in atmosphere (10%); 0.3 Ga: Present values
· Addition of O2 results in production of ozone; absorbs UV radiation

Forcings and Feedbacks
· 1) Solar Variation
· Sun is primary energy source; energy output increases as Sun matures
· 2) Orbital Variations
· The orbit gradually becomes slightly more and less elliptical
· The Earth’s tilt swings back and forth between 22.2 and 24.5 deg.
· The Earth has a slight wobble
· These facts effect how much solar radiation Earth receives
· 3) Tectonic/Magmatic processes
· Influence ice age development
· Gas emitted by volcanism creates greenhouse gases
· Ash and aersols block sunlight
· Tectonics build mountains that increase erosion (removing CO2)
· 4) Human Factors
· Burning of fossil fuels (releases CO2)
· Clearing land (releasing CO2)
· Increasing Methane output
· Feedbacks
· Positive feedback: Amplify climate change
· Negative feedback: Suppress climate change
· Response times: Slow(glaciers, oceans, ice sheets)
· Earth’s Heat Budget
· Only 46% of heat reaches our atmosphere; 8% scattering, 23% reflection, 23% absorption
· Earth loses heat by radiation
· Input = Output
· Albedo: proportion of energy reflected
· Greenhouse Gasses: Water and Carbon Dioxide
· Carbon Cylce

Evidence of Climate Change
· 1. Temperatures are increasing
· 2. Less snow and ice extent
· 3. Global average sea level has risen
· 4. Increased Precipitation
· 5. Oceans are becoming less saline (fresher)
· 6. Extreme weather; sea level
· 7. Abrupt; several stable states
· Methods for determining Paleoclimate 1000 years ago
· Direct measurement, Historical/Anthropoligcal records, glacier recession, borehole geothermal measurements
· Determining over 1,000,000 years ago
· Tree Rings, Corals, Ice cores, fossil analysis, lake/ocean sediments
· Direct correlation between CO2 and temperature
· Earth System is non-linear
· Tipping Point
· High clouds = net warming
· Low clouds = net cooling
· Ice Sheets and Sea Level
· 2C temp rise will result in 20 m sea level rise over hundreds of years -> ice sheet collapse could speed up process
· Two Topics of Interest
· Clouds + Ice Sheet Stability
· IPCC – Intergovernmental Panel on Climate Change

Climate Change: Sea level & Global Climate Change Speed
· 2100 – sea level increase of 0.7-1.8 m
· 1. Melting of Ice – 70% - 80%
· 2. Thermal expansion of water – 30% - 20%
· 3. Floating of polar ice shelves – are grounded if melted will displace water
· Surface Melting; Ice Stream
· Tipping point – Global Heat Conveyor Belt (Ocean Currents)
· What drives ocean circulation? Water density
· What controls surface water density? Heat (temperature), Salinity
· Evaporation: hot air causes evaporation, salt is left behind
· Ice formation: freezing salt water excludes salt
· Precipitation: rain decreases salinity
· Ice melt or river inpt: fresh water decreases salinity
· If ice caps melt – ocean freshens – cold fresh water will not sink into denser salty water below; tap is turned off; can take 10 years

Impacts
· Why so few impact craters on earth?
· 1) Atmosphere: shield against smaller meteors, erosion of craters
· 2) Ocean covers 71% of surface area
· 3) Age of rocks – Plate tectonics
· The KT Extinction: 65 Ma
· -> 60-75% of all species died
· -> 90% of all agea and protozoans died
· 1) Volcanism (Deccan Traps, India) – Gradual
· - Dust and ash
· - Greenhouse gases
· - Excess sulphur and nitrogen – acid rain
· 2) Meteorite Impact – Rapid
· - Same effects as Volcanism; Tsunamis and Mass Fires
· Evidence
· 1. Iridium anomaly
· 2. Shocked Quartz
· 3. Tektites
· 4. Tsunami Deposits
· 5. Other (Carbon and Major fires)
· 6. Geophysics – 180-240 km diameter; Mexico; Chicxulub Impact; 20km/s; magnitude 11 earthquake
· Extinctions
· Large Impacts, Massive Volcanism, Climate Change
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Venus
· Atmosphere: CO2 (96.5%); N (3.5%)
· Little water vapour and no liquid water
· High surface pressure, 460C, sulphuric acid, dense atmosphere
· Runaway Greenhouse effect
· High albedo
· Too hot for liquid water
· No Dipole magnetic field (too slow rotation)
· Venus = 1 plate
· Takeway: It loses water, water required for all life
· 500 ma surface

Mars
· No plate tectonics, no dipole magnetic field
· Massive volcanism
· Stagnant lide
· Heat escapes from ductile slowly convecting mantle via conduction and hot spot plumes
· Olympus Mons
· Mars is a frozen desert
· Evidence of water deposits
· Sand dunes: evidence for atmosphere winds
· Had plate tectonics, magnetic field and a large metal core
· 4.0 Ga
· - 53C; -63C with no atmosphere; mostly CO2 95%

Europa
· Mettalic Core
· Terrestial
· Liquid water and ice
· A chemosynthetic ecosystem?
· Jupiter Moon

Io
· Metallic core
· Volcanism
· Jupiter Moon

Titan
· One of Saturn’s 34 moons
· 2nd largest moon, larger than Mercury
· -178C
· Has clouds and thick atmosphere
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