GEO1111 Lecture 3


· Impactors (meteors, bolides, fireballs): <10 m diameter – burnup in atmosphere, larger ones? 

· Comets: 10-20% of comets are in Earth-crossing orbits 
· 700 long-period comets
· Do not touch the earth: have different periods 

· Impactors: comets that touch ground 

· Impacts: atmospheric frictional heat may raise surface temperature to 3,000 degrees, creating tail to fireball 

· At 115 km above ground, atmosphere is dense enough to heat meteoroids until glowing 

· Meteoroids typically visible for 10 km above ground, vaporized before reaching 60 km above ground 

· Violently compresses air  mini-sonic boom 

· 1994: impacted Jupiter’s atmosphere 

· Bolide (meteor, fireball etc), many have approached Earth but disintegrated 

· Most impacts happened in the first few billion years 

· Effects of impacts: 
· Earthquakes
· Dust and ash released into atmosphere, blocking solar radiation (cool) 
· Wild fires (cool) 
· Large amount of water vapor / steam would be released; H2O + CO2 scatters solar radiation
· Tsunamis and other events 

· Pacific plate and North American plate has lots of earthquakes

· A plate boundary is not necessarily coincidence with the continent edges 

· Plates are predicted to come back together in around 250 ma. 


· Plate tectonics can be summarized with 4 concepts: 
· Outer portion (shell of the Earth is composed of rigid layers called plates)
· The plates move slowly
· Most large-scale geological activity occurs at plate boundaries
· Interior (center) of plates are relatively geologically quite
· We are moving at a rate of about fingernail growth cm/yr

· Volcano, meteorites, drilling, earthquakes 

· Earthquakes: vibration of Earth produced by rapid release of energy stored in rock subjected to stress (plates rubbing past each other) 
· Energy released radiates in all directions from its source like sound 
· Energy is in the form of waves
· Body and surface waves 
· We can cause earthquakes to happen 

· Significant characteristics of body waves
· Velocty is proportional to density & elasticity
· Velocity increases with depth 
· P-waves propagate through all mediums 
· S-waves propagate through solids 
· P’s travel faster than S’s
· Density/composition change in medium = waves are refracted (bent) and/or reflected (mirrored) 

· How can we “use” earthquakes? 
· Allows us to x-ray the Earth 
· Waves propagate in 3D shown as rays paths, not waves 
· Variations in travel-times which are not accounted for by distances travelled

· Pressure increase with depth = increase density

· Composition of the Earth
· Chemistry: 
· Crust: oceanic and continental; solid, strong, rigid
· Mantle: solid, weak, ductile
· Core: outer and inner 
· Physical/mechanical
· Crust and upper mantle = lithosphere
· Below lithosphere = asthenosphere
· Below asthenosphere = mesosphere
· Core outer (liquid) & inner (solid) 
· Only liquid part of inner Earth is outer core 

· Continental crust: thicker, Si, O, al, K, Na, Ca, 4000 ma, granodiorite made
· Oceanic crust: thinner, Mg, Fe, 180 ma, basalt made 
· Mantle: Mg and Fe, like the moon 
· Core: Fe and Ni, like meteorite 


· Lithosphere: cool and strong; brittle, detached, oceanic and continental 
· Asthenosphere: partially melted; ductile
· Mesosphere: strong and hot
· Core: outer  liquid, metallic Fe; inner  solid, Fe
· Earth’s magnetic field
· Requirements for core to produce magnetic field:
· Composed of material that conducts electricity
· It is mobile 
· Inner core rotates faster than the Earth’s surface
· The axis of rotation is offset 
· Liquid outer shell convecting around solid inner shell = magnetic field 

· Earth’s temperature gradually increases with an increase in depth at a rate known as the geothermal gradient; varies from place to place. 
· Earth is very hot in the middle because of latent heat from the big bang (transformation is occurring) 
· Heat blanket at the crust (radioactive decay) 
· Heat flow in the crust (conduction) 

· Geographic pole is north and south, top and bottom of earth 
· Magnetic pole is where the field comes into the earth 
· Location of magnetic north pole is north Greenland
· Deformed due to solar winds and forces facing towards the sun. Solar wind pushes it away from the sun
· Mag field around earth is a force field from radiation, solar flares etc. Atmosphere does a little but mostly magnetic field 
· Magnetic field at the equator is parallel to the surface of the Earth 
· Tends to occasionally flip, magnetic dynamo flips 
· Black bars on the right are when the poles are in the right spot and white bars are when they have flipped 
· Sometimes the rock evident isn’t there to know
· During reversal, the field is all over the place 
· Extinction during huge reversals 
· 660,000 years it switches as of the past 50 million years, we’re about 500,000 years past reversal 
· North pole is moving 10 km a year and is getting weaker 

· Rock magnetism and paleomagnetism uses mineral magnetic alignment to determine the direction and distance to the magnetic pole 
· Steeper dip angles indicate rocks formed closer to the magnetic pole 

· Marine magnetic anomalies are bands of normal and reversed magnetic field signatures 
· Parallel magnetic bands preserved in rock under ocean
· Symmetric “bar-code” anomaly pattern reflects plate motion away from ridge coupled with magnetic field reversals. Looks like a bar code 

· Plate Tectonics patterns
· Seafloor spreading (1962) 
· Seafloor is moving away from the mid-oceanic ridge due to mantle convection
· Convection is circulation driven by rising hot material and/or sinking cooler material 
· Earth is composed of lithospheric plates that move on asthenosphere due to convection in mantle; 7 major plates and several minor ones (1965)
· When sufficiently cool and dense, these rocks may sink back into mantle at subduction zones 
· Overall young age for sea floor rocks (everywhere <200 Ma), ridge elevation, high heat flow, and abundant undersea volcanism are evidence of this 
· Gravity is the driving force: old tectonic plates sink at convergent margins and are formed at divergent margins - like a conveyor belt, they get recycled in the mantle 
· Mantle convection may be the cause or an effect of circulation set up by: 
· Slab-pull: pulling of crust into mantle by down-going slab during subduction
· Slab-push: pushing of crust resulting from elevated position of oceanic ridge system, causing crust to gravitationally slide down flanks of ridge 

· Theory of plate tectonics: 
· Composite of ideas that explain the observed motion of Earths lithosphere through mechanisms of subduction and sea-floor spreading which generate continents and ocean basins 
· Tectonic plates are composed of the relatively rigid, brittle lithosphere
· Plates float upon ductile asthenosphere
· Plates interact at their boundaries which are classified by relative plate motion
· Move apart at divergent boundaries
· Slide past one another transform boundaries 
· Move together at convergent boundaries 
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