Big Bang Theory: cataclysmic explosion that created the universe aprox 13.7 bya. Prior to this, all matter and energy were packed into one small point. 

Nebular Theory: planets grow out of rings of gas, dust, and ice surrounding a newborn star. 

Protoplanetary disk: outer part of nebula that doesn’t become a star, instead becomes planet (or moon/comets/asteroids)

Volatile materials: become gas at Earth’s surface; evaporate at low temps (H20, C02)

Planetesimals: small solid piece of rock/metal in a nebula that eventually form a planet

Protoplanets: grows from planetesimals but not big enough to be a planet yet

Two types of planets in solar system:


Terrestrial: small, dense, rocky (Mercury, Venus, Earth and Mars)


Jovian: large, low-density, gas-giant (Jupiter, Saturn, Uranus, Neptune)

CHAP2

Astronomical Unit (AU): distance between the Earth and Sun

Heliosphere: 200 AU away. Bubble-like region where solar wind has blown away most interstellar atoms

Kuiper Belt: 30-55 AU away. Diffuse band of icy objects, reminans from solar system formation, orbit the sun. Comets originate here. 

Magnetic Field: Magnetic field lines: extend into space, weaken with distance, form the magnetosphere. Earth has pos and neg pole

Atmosphere: mostly N2 on O2. Thins away from Earth:


Troposphere (0-11 km)


Stratosphere (12-47 km)


Mesosphere (47-82 km)


Thermosphere (82 km)

Earth’s elemental composition: iron, oxygen, silicon, magnesium

Earths Materials:


 Inorganic: glasses, rocks


Organic: residue of once living creatures (wood, peat, coal, oil)


Combinations: Melts (rocks melted to liquid), Volatiles 

How we know Earth is layered: Density (Earth is denser than surface rocks so interior must include metal) (Earth’s surface doesn’t rise and fall like tides, so interior must be mainly solid)

Earth’s Layers:

· Crust: thickest under mountains (70 km), thinnest under mid-ocean ridges (6 km)

· Continental: (35-40 km average), felsic (granitic) composition. Less dense( floats higher

· Oceanic: (6-10 km), mafic (basaltic and gabbro) composition. More dense( floats lower

· Mantle: solid rock, 2885 km thick, 82% Earth’s volume. Completely ultramafic rock peridotite. Convection below 100 km mixes mantle (Upper, transitional, lower)

· Core: outer is liquid, inner is solid. 

Moho: boundary between crust and mantle

Lithosphere: outermost 100-150 km of Earth. Rigid/non flowing, makes up plates, made of crust and mantle

Asthenosphere: upper mantle below lithosphere flows as soft solid. Shallow under ocean, deeper under continent

Slice through earth reveals: thin atmosphere, thin crust of low density rocks, thick mantle of dense rock, core of very dense iron alloy. 

Crust and outermost mantle are rigid layer, beneath this the mantle flows.

CHAP 3

Continental Drift: Wegner 1915 suggested: Landmasses move slowly, PANGEA. Evidence: fit continents/glacial deposits; distribution of fossils; matching geologic units 


Arguments against it: viscosity too high; oceans and continents are fixed 

Magnetic declination: the difference between the direction of the two poles

Magnetic Inclination: angle between magnetic field line and surface of Earth

Paleomagnetism: magnetism is preserved in ancient rock due to Iron minerals. 

Polar Wandering:  progressive change in location of the Earth’s magnetic poles relative to a location on a continent. Either because location of poles is not fixed, or more likely lava flows/continents move. Different continents have different polar wander paths.

Seafloor Spreading:

Bathymetry: shape of sea floor surface. Information came during and after WWII due to sonar

Abyssal plains: broad, flat regions of the ocean at 4-5 km below sea level

Mid Ocean Ridges: submarine mountain ranges with peaks 4-5 km below sea level. 

Deep Ocean Trenches: 8-12 km deep. Found mainly along perimeter of Pacific Ocean

Volcanic Arc: curving chain of active volcanoes

Seamounts: isolated submarine mountains

Fracture Zones: narrow bands of vertical cracks and broken up rock

Subsea earthquakes limited to: MOR, fracture zones, deep ocean trenches

Sea Floor Spreading: Hess 1960, Dietz 1962

Magnetic reversals happen geologically rapidly

CHAP4 PLATE TECTONICS

Plate Tectonics: Wilson 1965 (Prior research foundation: Wegener 1915, Holmes 1929, Hess/Dietz 1960). Lithosphere consists of plates that move and change face of the earth 

Lithospheric plate:


Continental (150 km thick): Granite crust, lighter less dense, more buoyant floats higher


Oceanic (7-10 km thick): basaltic, heavier more dense, less buoyant sinks lower

Lithosphere broken into 20 plates, moves 1 to 2 cm/yr. As plates move, rock boundaries deform causing earthquakes

STOPPED HERE!!!!

Plate boundaries: identified by concentrations of earthquakes. Plate interiors are earthquake-free

Continental Margins: where land meets ocean. Margins near plate boundaries are active, margins far from boundaries are passive.

Plate Boundary types: divergent (i.e. seafloor spreading [early stage: red sea, mid stage: Greenland and the North Atlantic, late stage: Atlantic ocean], convergent, transform (characterized by earthquakes and lack of volcanoes)

Subduction: at convergent boundaries, one plate bends and sinks into asthenosphere. Recycles ocean lithosphere, is balanced by sea floor spreading. So Earth maintains a constant circumference. Occurs because once ocean lithosphere have aged for 10 my its denser than asthenosphere. Cause earthquakes as deep as 660 km deep 

Due to subduction all ocean floor is less than 200 myo.

Subduction Features:

· Accretionary prism: deformed sediment wedges (Washington Olympic Penninsula, Taiwan)

· Volcanic Arc: chain of volcanoes on the overriding plate (continental crust= andesitic volcanoes, oceanic crust=island arc

· Back-are basins: marginal sea behind an arc, forms between island arc and continent)

· Oceanic Trenches

Continental Transform Boundaries: cut continental crust (San Andreas Fault)

Triple Junction: where 3 plate boundaries coincide

Hot Spots: volcanic mantle plumes independent of plates. Mafic magmas derived from the lower mantle burns through plates. Hot spot volcanoes create seamounts that age away from the originating hot spot- age change marks direction of overriding plate motion. 

Continental Rifting: lithosphere stretches and things breaks apart. Brittle upper crust faults, ductile lower crust flows, asthenosphere melts. (East Africa Rift, Red Sea, Gulf of Aden)

Plate Collisiom: may involve two continents (subduction consumes ocean basins, open closure ends in continental collision) or continent and island arc

CHAP 5 MINERALS

More than 4,000 minerals known

Mineral naturally occurring, solid, formed geologically, definitie chemical composition, mostly inorganic but can have organic origin

Mineral formation: geologic processes (freezing from melt, pecipitation from dissolved state in water, chemical reactions at high temperature and pressures) or by biogenic (by living organisms- bones and shells)

Rocks are made from minerals, most have more than one mineral

Mono-mineralic: limestone (calcite), rock salt (halite), glacial ice

Crystal lattice: pattern that atoms in mineral are arranged in (a glass is not a mineral because is lacks crystal structure- has disordered atoms)

Crystal: single, continuous piece of crystalline solid that grows naturally as the mineral forms

Physical properties of a mineral: color, streak, luster, hardnes, specific gravity, crystal habit, fracture/cleavage

Only about 50 minerals are abundant. 98.5% of crust mineral mass from 8 elements (oxygen, silicon, aluminum, iron, calcium, sodium, potassium, magnesium

Mineral Classes (classified by doinanat anion): 

· Silicates (rock-forming): dominate crust (oxygen and silicon)

· oxides (magnetite, hematite):

· sulfides (pyrite, calena), 

· sulfates (gypsum), 

· halides (fluorite, halite), 

· carbonates (Calcite, dolomite), 

· native elements (copper, gold, graphite)

polymorph: crystal with same composition but different structure (i.e. diamonds and graphite)

CHAP 6 IGNEOUS ROCKS & MAGMA

Rock: coherent naturally occurring solid consisting of an aggregate of mineral or glass

Cement: bonding material for aggregates

Clastic: rocks stuck together by cement

Glassy: rocks held together as a continuous mass

Sandstone: formed by burial and cementation of rock grain

Granite: formed when melt cools underground

Volcano: vent where molten rock comes from out of the Earth.

Igneous rock: formed by cooling melt

Magma: melted rock below ground

Lava: melted rock above ground

Magma is caused by pressure decrease, volatile addition (lowers the melting temperature of rock), heat transfer

Magma is made of: solide (solidified mineral crystals within melt), liquid (mobile ions, predominantly silicon and oxygen), gas  (variable amound gas dissolved in magma)

Magma types (based on silica percentage): felsic (66-76%(, intermediate (52-66%), mafic (42-52), ultramafic (38-56%)

If magma comes from mantle it will be ultramaic and mafic

If magma comes from crust it will be mafic, intermediate, and/or felsic

High volatile content means low visocity, high silica content means high viscosity

Intrusive Igneous rock: cools at depth, loses heat slowly, crystals grow large, mostly felsic

Extrucsive igneous rock: cools at or near surface, cools rapidly, chills too fast to form big crystals, mostly mafic

Large Igneous Provinces (LIPS)- unusually large outpouring of magma. Mostly mafics

CHAP 7 SEDIMENTARY ROCKS

Seimentary rock: forms at or near Earth’s surface in many ways (cementing loose fragments of pre-existing rocks/shells, accumulation of organic matter from living organisms, precipitation of minerals dissolved in H20). Layered and stratified

Classes of sedimentary rock: 

· clastic (detrital): made of mineral grains, rock fragments, and cemementing material. Created by weathering, erosion, transportation, deposition, lithification

· lithification: transforms loose sediment into solid rock

· compaction: burial adds pressure to sediment

· cementation: minerals grow in pore spaces

· classification: clast grain size, clast composition, angularity and sephericity, sorting, character of the cement

· Coarse clastics: gravel sized clasts

· Breccia: angular rock fragments

· Conglomerate: rounded clasts due to erosion in h20

· Sandstone: clastic rock of sand sized particles (common in beach and dune settings). Quartz is the most common mineral. 

· biochemical: sediments come from shells of living organisms. Calcite and aragonite-limestone; oplaine silica-chert

· organic: made of organic carbon (coal, oil shale)

· chemical: comprised of minerals precipitated from h20 solution (evaporites [rock evaporated from sea//lake water, minerals include halite and gypsum], travertine [calcium carbonate precipitated from groundwater to surface], dolostone)

CHAP 9 METAMORPHISM

Metamorphic rock: solide state alteration of protolith. Changes the texture and mineralogy of the protolith. Often creates foliation. Caused by heat, pressure, compression and sheal, hydrothermal fluids

Protolith: pre-existing rock. Metamorphism can alter any protolith

Recrystallization: minerals change size shape

Phase change: new minerals form with the same chemical formula but different crystal structure

Metamorphism due to heat: between 250 and 850 C. heat energy breaks and reforms atomic bonds. Main source of heat is the geothermal gradient

Metmorphism due to pressure: P increased with depth in crust. Metamorphism occurs in the 2-12 kbar range. Increase in pressure packs the atoms tighter together.

Differential Stress: Normal: operates perpendicular to surface. 

Differential Stress: Shear: 

