Geology Lecture 3

Prelude to Earth Materials
· We think we understand the composition of other planets by learning about Earth’s rocks and minerals (3 rock types, 10-15 mineral types)
· rock: aggregate of 1 or more minerals e.g. salt
· mineral: natural, inorganic solid
Three Rock Types:
· igneous: originally molten material, once lava then cooled and crystalized.
· sedimentary: originally weathered and broken pre-existing rock that is compacted and cemented together. Never molten.
· metamorphic: any pre-existing rock that has undergone Temperature, Pressure or structural changes.
Rock Cycle (insert diagram)
· Rock in the mantle of the earth, melts into magma, solidified and can become igneous, metamorphic, or sedimentary rocks.
Plate Tectonics
· Earth is made up of a series of dynamic, moving plates. The pattern these plates form and deform are not random, but are predictable
· Pattern recognition: earthquakes occur where mountains rise & volcanoes explode. Along plate margins are where earthquakes occur
Theory of Plate Tectonics
· Outer portion of the Earth is composed of plates
· The plates move slowly (rate of fingernail growth cm/yr)
· Most large –scale geological activity occurs at plate boundaries
· Interior of plates are relatively geologically quiet.
Plate Map
· West coast of Canada and North America is a plate boundary margins while areas like Ottawa, New York are in the middle. There is a volcano, Yellowstone, in the middle of the North American plate. Hawaii and Yellowstone are in the middle of the plates and are hotspots for volcanoes & earthquakes..why? 
· 
Layers of Earth: based on density & composition
Composition: crust, mantle and core
· Crust: oceanic & continental; solid , strong and rigid. 
· Mantle: solid, weak, ductile and thick.
· Core: outer (liquid), inner (solid). (40km thick)
Physical/Mechanical
· Lithosphere: crust & upper mantle
· Asthenosphere: below the lithosphere; no strength which is most of the mantle.
· Mesosphere: below asthenosphere
· Core: liquid outer core and a solid inner core
Divergence & Convergence
· When plates:
diverge (shift away): create a ridges; leaves a gap that is filled by crust.
converge (collide): destroys ridges
How do we know?
	The crust of the earth is about 40 km thick but the thickest we have ever drilled is 12 km.  We can only remotely sense the rocks in the inner core of the Earth through seismology: earthquakes & explosions, sampling: asteroids and comets. We use these meteorites by assuming that Earth systems and other systems are all the same. Rocks that come out of volcanoes are another way we understand the interior of the Earth.
What is an Earthquake? (Intro to Seismology)
· 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 behaviour in a radial pattern)
· energy is in the form of waves (body & surface waves)
Body Waves 
· Primary Waves (like a slinky); compression and expression as the seismic waves move through a body, like water or rock body.
· Secondary Waves (tying a rope to a wall): sinusoidal wave pattern, a rolling of the rock pattern rather than shaking. 
Surface Waves: cause most of the earthquake damage, travel along the surface of the Earth.
Characteristics of Body Waves
· Velocity is proportional to density & elasticity (denser it is, the faster it is)
· Velocity increases with depth and pressure (surface of Earth is less dense)
· P-waves travel through all mediums
· S-waves travel 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?
P and S-waves occur when any kind of large energy explosions occur, such as nuclear testing, so it’s not specific to earthquakes only. 
· allows us to x-ray image the Earth
· Variations in travel-times which are not accounted for by distances traveled
· Remember: waves propagate in 3D: shown as ray paths, not waves
Pressure increases with depth which increases density which increases velocity
*refer to homologous planet diagram
Waves can be reflected or refracted
Snell’s Law dictates the angle of wave refraction 
· Earth is chemically differentiated (vertically)
· waves can be refracted across boundaries
· Waves can also be reflected
Law of reflection: that the angle at which the wave is incident on the surface equals the angle at which it is reflected. 


Discovering Earth’s major boundaries
· [bookmark: _GoBack]Crust-Mantle Boundary: discovered by A. Mohorovicic based on the observation that seismic velocities are slower in crust than the mantle. E.g. 6km/s in crust as opposed to 8 km/s in mantle. 
· way faster than the speed of sound
· First boundary found was the Moho, named after him. 
· Gutenberg observed that P-waves die out at 105 degrees from the earthquake and re-appears at about 140 degrees. This belt is named the P-wave shadow zone.
· Lehman proved that seismic wavels travel in and out of the core characterized by the bending of the P-waves. Also, S waves do not travel through the core, provides evidence that the liquid layer exists since S-waves don’t exist. Called the S-wave shadow zone.
Seismic Waves & Earth’s Structure
· Earth is not homogenous. It’s make up is:
· Continental Crust: 4000 Bya, composed of mostly Si-O, Al and the rock type is mostly granodiorite.  
· Oceanic Crust: underlies the oceans, the oldest crust is 200 Mya. Made of Mg & Fe, rock type is mostly basalt. 
Why can we find older continental crust but not older oceanic crust since the Earth is 70% water? The preservation biased toward continental crust exists because oceanic crust is more dense, so when the plates meet the oceanic crust will go down thus, Earth is constantly consuming oceanic crust. 
· Mantle: 3000km thick, mostly made up Mg and Fe (like the Moon)
· Core: 3500 km radius, made of mostly Fe and Ni (like many meteorites)
So, Earth is layered but there are competing pressure and temperature forces that confuse things:
·  increase depth = increase T= melting
·  increase depth= increase P= increase rock strength
Physically Layered Earth
• depending on the temperature & depth, a particular Earth material may behave like a brittle solid, deform plastically, or melt and become liquid
• main layers of Earthʼs interior are based on physical properties and hence mechanical strength
· Lithosphere: strong, hard, cool and brittle
· Asthenosphere: partially melted (1%) ; ductile.
· Mesosphere: strong & hot
· Core: outer liquid, metallic Fe and inner is solid Fe.
Tectonic plate is defined by the lithosphere.
Earth’s Internal Heat Engine
· As you go deeper, the Earth gets hotter. Geothermal gradient: temp change as you go deeper into the Earth. This varies from place to place, like if you move through active plate margins then it could get up to 20 degrees C per km in the crust. 
Why is there heat?
Contributions to Earthʼs internal heat:
1) heat emitted by radioactive decay of isotopes of uranium (U), thorium (Th), and potassium (K)
2) heat released as iron (Fe) crystallizes to form the solid inner core
3) Latent heat released by colliding particles during the formation of Earth (10-15 Ga). You can deduce this to mean that our plate tectonics will shut off soon.
Heat Flow in the Crust
· process called conduction
· rates of heat flow in the crust varies based on conduction
Mantle Convection
· no large change in temperature with depth in the mantle
· mantle must have an effective method of transmitting heat from the core outward. 
Core
The core drives Earthʼs magnetic ﬁeld requirements to produce magnetic ﬁeld:
1) Composed of material that conducts electricity
2) It is mobile; liquid outer shell convecting around solid inner shell =
magnetic ﬁeld
- inner core rotates faster than the Earthʼs surface
- the axis of rotation is offset about 10° from the Earthʼs pole
- great pressure, along with the dynamic equilibrium of the solid and liquid parts of the core which is also crystalizing which is why it is liquid and solid at 3000 degreees centigrade
What’s so important about the Earth’s magnetic field?
· it protects us from the solar winds and other cosmic rays
· it has a North and South pole
· allows us to use compasses
· Several times in history, the magnetic poles have flipped. We are in the normal polarity stage but used to be reversed in the past.
How do we know? The solid minerals in liquid are magnetite crystals which orientates itself to point north. Once that rock is sampled, we can measure where north was when that rock crystalized. Happens whenever, these reversals have been linked to extinctions. Seems like we’ll be getting a reversal very soon. The magnetic field is getting weaker and North Pole is moving towards Russia at about 40 miles per year.
Q&A
1. We know that the interior of the Earth is layered due to a number of methods of investigation such as seismology, studies of earthquakes and other large explosions that create surface and primary waves. We also know the composition of the Earth through sampling of rocks like meteorites and comets that come from outer space since we assume that everything in the universe is composed of the same thing. 
2. Temperature increases as you increase depth because the deeper into the Earth you go, the closer you are getting to the core which can range up to 4000 degrees centigrade, which is the internal heat engine of the earth. This heat source may have come from the decomposition of radioactive isotopes, when iron crystalizes or latent heat from the Hadean era.
3. The P-Wave shadow zone tells us that Earth is not homogenous, it’s interior is heterogenous with layers of different materials. It also shows us the core-mantle boundary as p-waves get refracted because they travel slower in transition between 2 mediums. 
4. Earth’s crust is most commonly formed at tectonic plate boundaries when the plates diverge a gap is formed which magma comes up, cools and crust fills. Crust is usually consumed when two tectonic plates collide and the denser one goes down into the Earth and then consequently consumed.
5. The mineral magnetite is used in rocks to record magnetic reversals because when that rock is formed the mineral retains the orientation of the magnetic field at the time. Carbon dating can be used to find out the age of the rock and thus the time when the reversal occurred.
6. The Earth’s continental lithosphere is defined by: approximately 40 km of crust, approximately 60 km above the mantle, rigid, brittle, cold and solid outer portion of the Earth
7. The dominant heat transfer mechanism in the Earth’s mantle is convection
8. Scientists believe that magnetic reversals are a cause for extinction since the weakened magnetic field no longer protects us from solar winds & cosmic rays
9. Difference b/w P & S-waves: P-waves propagate through all mediums and are faster while S-waves only go through solids and are slower.
10. Continental crust has higher preservation than oceanic crust because Oceanic crust is more dense than continental crust and will sub duct under continental crust upon convergence

