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Lecture 1 January 6th 2014
Earthquakes are earth systems, ex. 2010 solomon islands 7.2 magnitude, earthquake is the rupturing of rock. Techtonic plates colliding creates 

earthquakes-occuring at margines of techtonic plates. 

Seismic hazard map looks at all of the factors that make dangerous earth systems possible due to altitudes and soil type and volcanoes etc… middle east is shown as bad. It shows likelihood of how bad an earthquake will be/magnitutude. 

Ottawa, we have earthquakes because.. we’re sitting on a fault zone with a linear trend because we have a build up of strain caused by far field compressions causing strain release and a zone. 

Yellow stone earth quakes called due to being the location of a volcanoe that’s building up pressure again in it’s hot springs and earthquakes etc. due to molten material near the surface. Earthquakes are a precursor for volcanism 

New Madrid Zone, central north America… arkansaw area. At same time as cluster earthquakes-subsonic frequencies-thousands of birds and fish died.  Could it have affected the biota of the area? 

The science of geology; is that the pursues an understanding of planet earth. Studyuing atmosphere, hydrosphere, biosphere etc.

Physical geology: examines materials composing eath and seeks to understand processes that operate beneath and ontop

Historical geology: seeks an understanding of the origin of earth and it’s development through time

Mineralogy, rock cycle, geodynamics, earth surface processes, earth systems
Geology: is the science that pursues an understanding of planet earth 

Principle of uniformitarianism: geological processes and natural laws that operate today have acted throughout geologic time.

Things are explained by using;
Inductive (baconian) method: collect data without regard to theory, things will become apparent from organization. For early stages
Deductive (Darwinian) models accounts for set of observations and used to make predictions about nature, iterative. Later stages-focused. 

Extinction was detected due to unique geochemical anomalies (Ir, S, C) in rock record.

Ma millions of years
Ga billions of years

Following spike at 65 Ma – extinction of dinosaurs. 
Iridium is a platinum group metal, not very abundant, found in old rock (3.5-4 bil years old) and in the earths cored. As well as in meteorites, comets and cosmic dust. Meaning high levels means meteor or volcanic explosion.
[bookmark: _GoBack]Sulfur can be derived from meteor (bolide) impact with carbonate/evaporate terrain-like limestone. So you volatilze gypsum or anhydrite and you can sulfur. Volcanoes also release sulfur-it is a precursor for volcanic erruptions.
Carbon is common, terrestrial carbon. Carbon content is greatly increased at this time. This happens due to fire storms. 

Hotspot is a plume of hot material sourced from the core that’s acting like a blow torch from the core, ex. Deccan traps of india. Lava just spills out-no volcanoe. 

Shatter cone is when rock is under rapid stress it forms in cone pointing to impact because of stress release and shock. 

Tektites are glass beads formed when shrapnel are melted and recrystallized in mid air as they rain down with dust cloud. 

Plate tectonics: all tectonic plates have moved but originally Pangaea

Lecture 2 Wednesday January 8th 2014
The solar system and the origin of earth 
The solar system; our star, the sun, planets, their satellites and asteroids.
It’s located on the arm of a very large spiral galaxy -> the milky way galaxy

Geocentric perspective: proposed by Aristotle (384-322 BCE) 
Entrenched in church doctrine 
Was challenged by Aristarchus (312-320 BCE) 
Simple spheres containing the planets and the sun revolving around earth didn’t explain the retrograde motion of planets 
Planet has two types of motion: 
-prograde motion, one direction. From right to left generally. 
–retrograde motion is an apparent reversal of prograde motion. 

Ptolemy (150 CE) proposed that planets also follow a smaller circular orbit (epicycles), predictable periods of retrograde motion…
There is normal motion, than retrograde, then normal motion. This is predictable. 
All revolve around the sun but as well are accompanied by an epicycle, explains retrograde motion a little bit. 

Copernicus (1473-1543) suggested that because mars has the larger retrograde motion it is the closest to earth while Saturn having the smallest retrograde motion is the furthest from the earth… proposed that the earth spins on its axis leading to sunrise and sunset.  

Kepler (1571-1630)
1) law of ellipses: the orbit of each planet is an ellipse with sun at one focus 
2) law of orbital harmony: for any planet the square of the orbital period is years in proportional to the cube of the planets average distance from the sun -> time to distance calculation we could make that allows us to calculate planet distance from sun based on orbit
3) law of equal areas: a line drawn from a planet to the sun sweeps out equal areas in equal time. The orbital velocity changes. 

Mercury: d=4880 km p=5.4 g/cm^3 
0 satellites
70% metallic 30% silicate composition; internally layered
largest T range (-170 to 425 degrees celcius) 
there are large fractures on surface of the planet: scarps-faults. They are planet level scarps. Probably formed right after big bang and was cooling and contracting-not techtonic. 
Craters exist-impact craters. 

Venus: diameter about twice that of mercury, density the same as mercury.. proximally smaller
0 satellites
earths twin; volcanoes and tectonic plates-> shut down about 3 billion years ago. Volcanoes and tectonic plates occur because inside of earth is molten so heat causes processes-we still have tectonics. It’s believed venus cooled to the point that these processes stopped. 
thick (deadly) atmosphere, inhibits telescope observations. Most similar to earth-inhabitability wise. 

Earth: diameter: 12760 km, density similar to previous 2 planets 
1 satelite: the moon. Diameter about 3500 km, with a density of about 3.3 cm^3, pretty close to rock we could find on earth. impact theory of formation during initial spiraling of nebula. 
So something hit the earth in a semi molten state and the moon came out of the earth. There are two big divisions…
highlands: 90% plagioclase feldspar, foam on magma ocean… more silica
maria: flood bassalts. More iron and magnesium. Crystalized shortly after highlands.
Moon evolution: moon evolution: formation of crust, lunar highlands, maria basins, rayed craters 
Moon covered in impact craters. The craters give us a good idea of dating impacts and figuring out how long ago ‘big bang’ could have occurred. These craters are how we know evolution. Things with more impacts are likely older. 

Mars: diameter; 6787km , density is less than earth – starts to decrease
2 satellites
has ancient volcanoes
has polar ice
has tectonics
internally layered
crust : basalt
biggest volcano in the solar system-same as state of Arizona . dormant
evidence of flowing water and erosion 
mars is thought minimum 4.2 billion years old 
a mars meteor has landed on earth.. this means the earth has to be older than 4.2 billion years old. 

Jupiter: diameter: 143000 km, density 1.33 g/cm^3
Layered atmosphere; giant storms
63 satellites and moonlets 
surface is liquid hydrogen 
core region is surrounded by dense metallic hydrogen, which extends outward to about 78% of the radius of the planet 
Io is one of the four Galilean satellites, currently volcanically active and melting is from tidal energy. As Io is orbiting Jupiter it is contracting and expanding-tidal motion- it allows it to melt and volcanic motions occur. 
Volcanic plumes on Io have fountains of lava gushing 160km in height. 

Saturn: diameter: 121000km and density is slightly less than water.. 
It has rings <100 m thick 
56 satellites + moonlets
Core similar to earth surrounded by a deep layer of metallic hydrogen an intermediate layer of liquid hydrogen and liquid helium and an outer gaseous layer; magnetic field. More gas than actual rock volume.. saturn has a sizable magnetic field leading us to believe core is similar to earth. 
One of the moons; enceladus. Icy planet with geysers that shoot up methane and ice and stuff like that. Looks like an ice field with glaciers and crevices. 
Titan is a different moon… it is liquid with lakes and seas. It could be any liquid form of material as well as having an atmosphere that allows the liquid to stay on the planet. 
The twins: ice dominating over gasses: ice giants. They have a rocky centre, an icy mantle and an outer gaseous hydrogen/helium envelope; ice: water, ammonia and methane. 

Uranus: d=51000 km p=1.27 g/cm^3 with 
27 satelites. 
Uranus is on a non central axis of rotation. Instead of spinning like a top it spins like a wheel. 

Neptune: has a density of 49500 km and p=1.76 g/cm^3 
with 13 satelites. 
Triton contains cryovolcanism. 

Pluto: d=2300 km, p=2.3 g/cm^3 little less than moon. 
Largest member of a distinct population of rock metals and ices called the Kuiper belt. (dwarf planets, moons and planetesimals).

Terrestrial vs Jovian planets
Terrestrial; hard silicate rocky surfaces, close to the sun, larger ones have atmospheres, dense metallic cores, few satelites. They have a crust, mantle and core. Ex. Mercury, venus, earth, moon. 
Jovian; very large outer planets, turbulent, composed of gasses H, He, NH3, very low density, many satelites. Ex. Are Jupiter, Saturn, Uranus and Neptune. They have molecular hydrogen, metallic hydrogen.. etc. 

Other stuff out their-space flotsam 
Asteroids; leftover planet fragments
Comets; dirty snowballs
Meteroids; shooting stars, iron&stony
Comet hale-bopp.. visible in 90s with 2 tales, one tale is ionized gases and the other is dust. 

Sudbury crater; nickel, copper, platinum, palladium, gold. Didn’t come from meteor but they were already in crust and meteor just allowed concentration process to happen. Not circular because it hit a mountain range the size of the Himalayas 

Isostatic rebound gives craters ring structure. 

Chicxulub crater: probably created the extinction of the dinosaurs. 

Age of solar system: 
Meteorites, from 4.53-4.58 billion years old (Ga)
Mars 4.2 Ga minimum 
Moon rocks 4.4-4.5 Ga
Oldest rock on eath, Acasta gneiss in NWT is 4.1 Ga 
Oldest mineral on earth, zircon in Australia is 4.4 Ga as well as a $.28 Ga in Quebec. Highly controversial because of meteorites it could have come from space. 
It isn’t common to have older things because the earth is tectonically active, rocks keep getting recycled.

Some observations to consider: 
All planets revolve around the sun in the same direction (counter clockwise when viewed from the top and earth being north)
All planets revolve within the same plane (ecliptic) except for pluto (17 degrees tilted from ecliptic)
Nearly all planets revolve ccw on their axes (Venus is cw, Uranus is severely tilted) 
Sun also revolved ccw on it’s axis (25 ½ earth days)
Axes of rotation of sun and planets are nearly all |_ to ecliptic
Terrestrial planets have high density , rocky surfaces with metallis cores.

Solar Nebula theory:
Solar nebula, cloud of HE, H and some heavier dust.
4.6-4.4 Ga ago, gravitational contraction, cloud initiates rotation.
Gravitational collapse, increase T, light elements driven towards outer edges of disk
Planets result from accretion of dust, planetisimals
Sun originates from concentration of mass at the center. 
Problems: venus is clockwise-contrary to other planets, origin of asteroid belt between mars and Jupiter-destruction of an early planet by collision or failed accretion of planetisimals, rotational speed of sun is too slow given its position at the center of the disk

What to take from lecture: sense of immense scale of solar system, difference between terrestrial and jovian planets and what drives that is a difference, similar geologic processes operating on other planets, understand nebula theory. 

Lecture 3 January 13th 2014
Prelude to earth materials
Rock is an aggregate of 1 or more minerals 
Mineral is a natural inorganic solvent
10-15 mineral types 
3 rock types
igneous: originally molten material
sedimentary: originally weathered and broken pre existing rock that is compacted and cemented together
metamorphic: any pre-existing rock that has undergone T,P or structural changes 
Rock cycle study!! 
Rock in mantle undergoes melting in a number of ways, so then its magma, if it cools it becomes igneous rock and if this is weathered/eroded it becomes sediment which undergoes lithification making it sedimentary rock and if that undergoes metamorphosis it becomes metamorphic rock and if that undergoes partial melting it becomes magma again

Plate tectonics: centuries of observations have concluded that the earth’s make-up is not random

Pattern recognition: earthquakes occur where mountains rise and volcanoes explode. 

Plate tectonics
Outer portion of earth is composed of rigid layers called plates
The plates move slowly
Most large scale geologic activity occurs at plate boundaries
Interior of plates are relatively geologically quiet 

Layers of earth based on density and comp differences
chemistry/composition
crust: oceanic and continental, sold, strong, rigid (30-70) km thick
mantle: solid, week, ductile, 2900 km thick
core: outer (liquid) and inner (solid) , 3480 km thick
physical/mechanical
crust and upper mantle = lithosphere (-100km)
below lithosphere = asthenosphere (-140km)
below asthenosphere =mesosphere 
core outer (liquid) and inner (solid) 
we know what’s inside of the earth because: earthquakes, volcanoes, meteorites, drilling 

What is an earthquake? (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 direction from it’s source (like sound)
energy is in the form of waves
body and surface waves

2 types of waves: body waves and surface waves 

body waves: primary and secondary. 
Primary: as the wave travels through the rock the rocks expand and compress, a good example is a slinky/spring it acts the same!  
Secondary: the rock is deformed like a wave, looks like an S or a cosine function.

Significant characteristics of body waves:
Velocity is proportional to density and elasticity
Velocity increased with depth
P waves propogate through all mediums
S waves propogate through solids
Ps travel faster than s
Density/composition change in mediums=waves are refracted (bent) and or reflected (mirrored). 

How can we use earthquakes?
allows us to x-ray image the earth (flashlight)
variations in travel times which are not accounted for by distances traveled
remember: waves propagate in 3D shown as rays paths not waves
if our planet was homogenous we would be able to predict an earth quake at any point 
but we know that pressure increases with depth which increases density. P=pgh

olivine makes up a lot of the crust (Si, Mg and O2) 
Spinel is a mineral of the same chemistry but it has closer packing than olivine 

We also know: that earth is chemically differentiated.  Waves can refract across the boundaries and the angle of wave refrection is dictated snells law. 

Law of reflection says that the angle at which the wave is incident on the surface equals the angle at which it is reflected 
Waves can also reflect off boundaries. 

Earths major boundaries
Crust-mantle boundaries discovered by an astrologist. Based on the observations that seismic velocities are slower in crust than in the mantle.
Crust-mantle boundary: discovered by Gutenberg
He discovered the p-wave shadow zone. He figured how how big the car had to be ot refrs
READ TILL S WAVE SHADOW ZONE T BOOK
We get p and s when we have an earthquake, all the time both and immediately. 

Seismic waves and earths surface
Abrupt changes in seismic wave velocities that occur at particular depths helped seismologists make conclusions about earths thickness

Compositionally layered earth
Continental crust: 4000 MA, 3-70 km thick, Si-O Al, Average, granodiorite 
Oceanic crust: oceanic crust, 3-15 km thick, 180MA, Mg & Fe (Si, O0
Average basalt 
Ocean crust is so dense when plates hit each other at a margin denser one loeses; 
Mantle: 3000 km thick, Mg&Fe, peridotite, 
Core: 3500 km radius, Fe and Ni, and high temperature.

So earth is layered but..
Competing P&T forces complicate things:
Increase depth = increase t = melting
Increase depth = increasing p =increasing core strength

Physically layered earth
Depending on the temp and depth a particular earth material may behave lik e a brittle solid, deform plastically ormelt and become liquid

Lithosphere
Where earth quakes happen
Cool and strong- brittle
Continental: 100-200 km thick
Oceanic 5-100 km thick 
Detached

Asthemosphere
Partially melted; ductile
Extends to depth of 660 km 

Mesosphere
Strong and hot
Extends from 660 to 2900 km depth

Core
Outer: liquid Fe metallic 2300 
Inner: solid 1216 km radius 

Earths internal heat engine
Earths internal temperature gradually increases with an increase in depth at a rate known as the geothermal gradient. It differs from place to place and the average in the crust temp is about 10-20 C per km 
Radioactivity creates heat; uranium, rubidium, potassium, thorium. Theyre all concentrated in the crust and them breaking down releases heat.
Latent heat from the big bang remains in the core 
Crystallization from liquid iron to solid iron gives off heat- this is an internal heat engine in the core as well 
Heat engine has shut off in all other planets

Lecture 4 
Core 
Earths magnetic field requirements for core to produce magnetic field:
composed of material that conducts electricity
it is mobile
earth is like a magnetic field 
magnetic field shields us from solar radiation
were due for a flip soon
we can measure magnetite in igneous rocks to find orientation of magnetic field
minerals and igneous rocks!
Tectonic plates are part of the lithosphere, which is rock made of minerals that are enriched in elements: Si, Al, (K, Na, Ca)

Rocks termed silic or felsic (sialic)

Asthenosphere and mesosphere are rock enriched in elements : mg and Fe 
Rocks termed ultra – mafic(ma magnesium and f iron) or basic 

Minerals are building blocks of rocks:
Naturally occurring
Solid
Definite chemical composition
Crystal structure 
Definite chemical formula (recognizable elements)
Quartz

Element is a form of matter that cannot be broken down into simpler form

Compound is a combo of one or more elements in specific proportion

SiO2=quartz

Atoms: smallest particles of an element 

Ice is a mineral! 

Combos of elements form minerals depend on a few characteristics of atoms of that element 
1) relative abundance of available elements (within crust)
O:45%
Al:8%
Ca: <5%
Na: <5%
Si: 27%
Fe: 5%
Mg: <5%
K: <5%     BIG EIGHT 
2) T&P at time of formation
controls structural growth of crystal
eg. C = diamond and graphite 
(polymorphs (many forms), same chemistry different structure)
3) size and charge of atoms and ions

Atomic structure
Central region = nucleus 
Consists of protons and neutrons
Negatively charged particles surrounding
Located electrons in discrete energy levels called shells
Atom should be neutral! Protons=electrons
Why do atoms bond and interact?
Because theres vacancy in outer shell, 9 electrons may not exist in valence shell
Oxygen is…
The second most abundant element in earth by weight and most abundant in crust 

Chemical bonding 
Formation of a compound by combining two or more elements
1) ionic bonding:
atoms gain or lose valence electrons to form ions (charged particles)
ionic compounds consist of an orderly arrangement of oppositely charged ions… neutral/stable
sodium and chlorine = table salt  NaCl = halite – ionic bonding 

morphology of mineral is linked to element level

2)covalent bonding
shared electrons 
covalent are stronger than ionic bonds  (c=diamond) 
both ionic and covalent bonds typically occur in the same compound, bonds are seldom 100% ionic or covalent in character. 

3) other types of bonding
metallic… cloud of valence electrons free to migrate, metals=conductors, weaker and less common than ionic or covalent bonds
can der wall forces… weak electrostatic forces… ex graphite 
polymorph: same chemistry, dif. Structure. 

Not only is charge a factor in creating compounds but also ionic radius (distance from nuclei center to outermost elextron)
Atoms competing for space in crystalizing liquid. 
 Size of atom really dictates if itll fit into the site

Certain atoms have the same charge and nearly the same radius, this means that they can be very easily substituted for one another in a crystal – this is called solid solution
Olivine: makes up most of mantle 
Mg2SiO4
Fe2SiO4 
These are substitutable 
Change chemistry- not structure! 
The difference between solid solution and polymorph? Solid solution is the change in chemistry but not structure and the polymorph is the change in structure but not chemistry!

Now we can build big minerals… Silicates:
4000+, 2o are common , BIG 7
(from big 8  which makes up 98% of crust)
crust
quartz, mica, potassium feldspar, plagioclase feldspar, amphibole
mantle
pyroxene, olivine

other minerals: nonsilicates
several major groups exist including
oxides ex iron ore
sulfides ex lead ore
sulfates ex gyupsum
native elements ex gold
carbonates ex calcite 

computer batteries- naturally occurring 

bio minerals
tooth enamel
bones of vertebrates
stones in urinary track
shells of molluscs and other invertebrates 
bio minerals: secreted or grown in a biogenic fashion 

The apatite cycle… 
P5+ in seawater -> fish> skeleton of fish> birds eat it > birds excrete material > lines beaches full of phosphorous material > process it into phosphorous acid (in coke) 

Igneous rocks
Magma is molten rock and contains crystals and gases within the earth
Melt is generally only the liquid portion of the process (liquid component of both)
Lava in molten rock and contains crystals and gases at the surface of the earth 

How does magma form?
Temperature:
Radioactive decay within earth
Early earth produced during big bang
+/- frictional heat of tectonic plates
(convergent margins) …. Crustal thickening is where we take the crust and thicken it because we’ve collided two plates. If we thicken the crust we thicken our radioactive decay layer. 
Subduction and crustal thickening is when we get volcanoes forming above subduction zones. 
Indonesia / Australia is an ex. Of this subduction zone. There is an arc formed and its in the west of Indonesia. 

Pressure :
High pressure results in higher temperature to melt solid because bonds are closer together and stronger
But if we quickly release high pressure the bonds will break and the solid will turn into a liquid. 
(divergent margins)  opposite of convergent, where places are moving away to each other- this is crustal decompression 
decompression melting ex. Midatlantic ridge

where does rock come from?
Before minerals form: 
Liquid magma has random atoms suspended in non crystalline structure
Durin magma cooling:
Atomic vibrations slow and bonds begin to form compounds and eventually a crystalline structure
After cooling = igneous rock
Rock which cooled and crystallized directly from molten material at/near surface. Two types of rock: 
Vulcan (god of fire) and pluto (god of underworld )
  Extrusive/volcanic         intrusive/plutonic
     surface                             subsurface
Volcanic rocks
Erupt and flow or explode at earths surface
Cooling times range from sec to years
May have no crystals (all glass) or small and large crystals (phenocrysts) 
Basalt is the archetype – composed of very fine grained minerals (chiefly pyroxene and plagioclase feldspar), forms mostly on the ocean floor. 
Basalt is the most abundant volcanic rock on earth because most oceanic crust is composed of it. It is a volcanic igneous rock
Plutonic rocks
Intrude at depths of .1-10’s of km within the crust
Mm-cm scale crystals are generally evident
Can form huge masses (Plutons/batholiths) that likely cool over a million years
Granite is the archetype – compossed of potassium and sodium feldspar and quartz and commonly found on the continents. 
How do we know?
Take thin sections (thin sliver of rock on piece of glass), use polarizing microscope (light source at bottom), allows us to polarize the light! Only travelling in one direction. 

Characteristics of magma
Nature of magma (3 components)
Liquid (melt) composed of mobile ions
Solids (crystals) (40-70 wt%)
Generally silicates and other oxides
Gases (volatiles) dissolved in the melt from .5-5 of wt%
Water vapour
Carbon dioxide
Sulfur dioxide 
Cooling of magma results in systematic crystallization pattern
Silicate minerals crystalize in predictable order!!! Bowens reaction series. Bowen was a Canadian mineralogist- predicted order of mineral crystallization.

Bowens series crystallization
An explanation for the diversity of igneous rock types that have evolved from a single magma source (basalt)
As they slowly cool in deep reservoirs (magma chambers) different minerals achieve saturation at dif. Temperatures
Crystallization of the minerals changes the chemical composition of the magma 
Bowens series crystallization occurs in 2 ways:
Discontinuous: Fe, Mg minerals crystallize one after another in a specific sequence; composition and structure change (simple-> complex)  polymorph, we change structure but not the chemistry. 
LOOK AT SLIDESHOW TO SEE HOW IT LOOKS
Continuous: Ca-plagioclase preferentially crystallized early (hi T) gradually as magma cools and sodium ions continuously replace Ca in crystal with little structural change. So at high temp rich in calcium but at low rich in sodium-no structure change but a change in chemistry- solid solution series. 
Bowens assumptions
Closed system
Early minerals would remain in contact with magma, reacting to form new minerals
Demonstrates that a full range of igneous rocks could be produced from the same mafic magma
But the reality is… gravity really screws with us. 
Crystals settle to bottom of magma chamber or get stuck on chamber walls
Fractional crystallization/magmatic differentiation 
Analogous to distillation and precipitation of salts from sea water. 
Assimilation of wall rock material, we can’t go from 1600 to 0 because of a thermal gradient so we start to melt the wall and that’s what happens in magma chambers so they can’t be enclosed anymore-we change the chemistry.. it’s an open system 
Magma mixing
Involves two bodies of magma intruding one another
Two chemically distinct magmas may produce a composition quite different from either original magma. 
Assimilation and magmatic differentiation 
Magma compositions: 
1) mafic
Igneous rocks… silicates dominate
Dark (ferromagnesian) silicates
Olivines
Pyroxene
Amphibole
Biotite mica
45-55 wt% SiO2
+MgO, FeO, CaO
fluid , low volatile concentration
basalt, gabbro 
2) Felsic
igneous rocks…. Silicates dominate
light (nonferromagnesian) sillicates
quartz
viscous
granite
rhyolite
>65 wt% silica
3)andesitic (intermediate) because of andi mountains in SA
55-65 weight siO2
less volatile
less viscous
associate with volcanic aciticty
4) ultramafic, komatiite composition – not formed on earth today
crystalized more than 2.5 billion years ago
<45% weight SiO2
rare composition of olivine and pyrozene
prevalent in older rocks
Texture
texture is used to describe the overall appearance of rock based on size shape and arrangement of interlocking minerals 
factors affecting crystal size
rate of cooling .. slow= growth of few and large crystals, fast=many small crystals, very fast= flass
amount of silica present
amount of dissolved glass 
texture types
phaneritic (coarse grained) 
crystals seen without microscope
cooled slowly 
aphanitic (fine-grained) 
microscopic crystals
vesicles (holes from gas bubbles) 
because cooled quick
Porphytic (both)
Fast cooling followed by period of somewhat slower cooling

Lecture 5 January 22nd 2014 
Example of metamorphism
Sandy limestone metamorphosed to marble (happens through temp and pressure changes)
At 200 degrees celcius sandy limestone is made of quartz and calcite 
At 600 degrees c minerals no longer stay together, each can exist alone but together they form a new mineral 
Wollastonite: sio2 + caco3 = casio3 + co2 (volatile) 

Dehydration reaction – produces c02 into atmosphere 

Metamorphosis somewhat contributes to CO2 into atmosphere 

Relative amounts of elements do not change, only restructuring and regrowth 

Co2 is released and can leave rock (usually involves decarbonation; or H20 released in dehydration) 
If CO2 leaves, reaction cannot go back when rock cools 
(cannot revert to quarts and cc unless co2 is added) 
metamorphosis mostly happens at the plate margins 
there are many types of metamorphosis: ex. Impact metamorphism, seafloor metamorphism, orogenic-mountain building- metamorphosis, burial metamorphosis, contact metamorphism 

regional metamorphism
A) burial- T and lithostatic P within sedimentary basins (missisipi delta, bay of Bengal) 
progressive increase in P exerted by the growing pile of overlying sediments and sedimentary rocks and the increase in T with increased depth of burial 
form of sendimentary geology that blends into metamorphic geology
lithification
: diagensis grades into burial metamorphism at depth
burial at about 2-3 km t of 100-200 C
burial metamorphism defines the economic basement of oil and gas resources. Organic matter is converted to methane and co2 at >130 degrees

B) dyanothermal (orogenic) – occurs in response to P and T changes induced by large scale tectonics. (directed p). (Convergence: himalays, Appalachians). 
Metamorphic grade, hotter colors means higher grade. 

Contact metamorphism
Response to T change produced by intrusion of magma into cooler rock 
Local in scale
An aureole, zone of alteration, forms in the rock surrounding the magma. 

Hydrothermal metamorphism
Aka metasomatism
Chemical alteration caused when hot, ion-rich fluids circulate through fissures and cracks that develop in rock 
Most widespread along the axis of the mid ocean ridge system, thus
Most of ocean crust is metamorphic. 
1. Influx of cold seawater. 2&3. Alteration of oceanic crust at <150 degrees celcius. 4. Ph drops to about 3 (acidic). 5. Heating of seawater to about 450 degrees celcius. 6. Leaching of Cu, Zn, Fe, Au and S from surrounding rocks. 7. Formation of hydrothermal precipitates in contact with cold seawater. 

Classifying igneous and sedimentary rock: texture and composition. 
Degree of metamorphism is reflected in texture.
Metamorphism increases grain size ( in the absence of deformation – directed P; deformation decreases grain size). 
Composition reflected in mineralogy

Classification of metamorphic rocks based on textured
Foliated rocks
Size of crystals
Nature of foliation
Degree to which light and dark minerals are segregated
Granoblastic rocks
Because granoblastic rocks are non foliated, it’s random. Classification based on mineral composition only 
Porphyroblasts may occur in both, foliated and granoblastic rocks. Large sedimentary minerals that may occur and illustrate degree of metamorphism. 

Porphyroblasts: garnet and staurolite. New metamorphic minerals may grow into large crystals surrounded by fine matrix. 

Some metamorphic rocks do not show foliation due to lack of platy minerals 
Granoblastic
Crystals that grow in interlocking equant shape. Types of monomineralic rocks. 
Calcite=marble
Quartz-quartzite
Simple igneous rocks (metabasalt) 

Granoblastic metamorphic rocks 
Hornfels: high t contact metamorphic rock of uniform grain size that has undergone little deformation 
Typified by granular texture but commonly contains some pyroxene and mica. 

Granoblastic metamorphic rocks
Quartzite: hard, non foliated, white, derives from quartz rich sandstone 
Massive, may conrain preserved bedding 
 Commonly contains thin bands of slate or schist 
Marble – metamorphic products of T and P acting on limestone or dolostone
White and pure marbles (ex. Carrara marbles Italy are prized by sculptors)
White and smooth, even textures, banded or mottled. 

Metamorphism imprints new textures on the rock that it alters
Most common textural feature is foliation 
Set of flat or wavy parallel planes produced by directed pressure/ deformation 
Minerals are rotated or recrystallized 
Orientation of platy minerals is perpendicular to the main direction of force. 
Platy minerals: mica 
Needle like minerals. Hornblende. 

Foliated metamorphic rocks – all same rock.
Slate: foliated rock that forms at low t and p 
Very fine grained , indicidual minerals cannot be seen without microscope 
Typically forms from shales or volcanic ash 
Used for roofing tiles 

Phyllite: forms at slightly higher t and p than slate 
Characterized by glossy sheen resulting from ica crystals that are larger than those in slates 
In contrast to shales, phyllite canoe be split into sheets. 

Schist : most intensely metamorphosed rock with platy crystals that are large enough to be visible to the naked eye 
Minerals are typically segregated in lighter and darker bands 
Characterized by a pervasive coarse, wavy foliation referred to as schistosity. 

Gneiss – coarse grained rock that forms under high temp and pressure 
Consists of light and dark layers resulting from segregation of minerals 
Granular  platy minerals is higher than in schists 
Poor schistocity and little tendency to split 

Migmatitie: forms at very high t where parts of the precursor rock begin to melt 
Typically highly deformed and contorted, contain many veins, small pods and lenses that represent solidified partial melts 

Volcanoes
Largest volcano on earth –mauna loa 9 km
Tallest mountain on earth -86 km 
Different sizes of volcanoes helps tell us about them. 
Using volcanoe shape – mafic or?? How they flow at high temperatures. 
Felsic rock tends not to flow as well and gives us steep sided… vs mafic

Igneous activity and plate tectonics
Global distribution of igneous activity is not random
Most volcanoes are located within or near ocean basins 
Balsatic rocks are common in both oceanic and continental settings; granitic rocks are rarely found in the oceans 
Ocean crust (mafic) – modified mantle
Volcanoes are correlated to plate boundaries

Igneous activity along plate margins 
Spreading centers 
Greatest volume of volcanic rock is produced along the oceanic ridge system (divergence) 
Mechanism of (decompression) melting
Lithosphere pulls apart
Less pressure on underlying rocks 
Results in partial melting of mantle 
Large quantities of basaltic magma are produced
Isothermal decompression, same temp but were decompressing the system and so we get large quantities of melting in the mantle 
Subduction zones 
Occur in conjuction with deep oceanic trenches (convergence)
Descending plate partially melts and releases h20
Magma slowly moves upward
Rising magma can form either an island arc (japan) if in the ocean 
A volcanic arc (western America) if on a continental margin 
Both are andesitic (not mafic, not felsic but something in the middle called ->(intermediate)) composition
Water is added when oceanic lithosphere goes into mantle through metamorphosis and this water raises the melting temp and so the mantle rock melts and goes into the lithosphere as well which is felsic and the mantle is mafic which makes a mix
most active are occurred with the pacific ocean basin 
region around the margin is known as the ring of fire 
most of the worlds explosive volcanoes
interplate volcanism 
activity within a tectonic plate
associated with plumes of heat in the mantle 
form localized volcanic regions in the overriding plate called a hot spot. 
Intraplate volcanism
Activity within a tectonic plate
Associated with plumes of heat in the mantle 
Form localized volcanic regions in the overriding plte called a hot spot 
Produces basaltic magma sources in oceanic crust 
Because it takes so long for the rising plume tail to reach the surface flood bassalts occur and reach the surface and so you get a tailing chain of volcanoes as the plates move behind the bassalts. 
Hotspot is stable while tectonic plate moves 

Factors determining the violence or explosiveness of a volcanic eruption 
Composition of the magma (#Si = high viscosity)
Temperature of the magma (lo T = hgh viscosity)
Dissolved gasses in the magma 
1-9% wt of magma 
mainly H20 vapor and Co2 (So2,n,Cl)
factors actually control the viscosity which in turn control the violence of the eruption 

material extruded from a volcano
felsic 
silica rich, highly viscous, high h20 and gas
intermediate (andesites)
more viscous, moderate silica content, (aa, vesicles, most explosive) 
mafic
low silica, much more fluid like 
types of flows
pahoehoe lava (twisted ropey texture)
aa lava  (rocky and jagged)
pillow bassalts (underwater)
pyroclastic materials – fire fragments 
types of debris 
ash and dust -fine glassy fragments
pumice -porous rockfrom frothy lava
lapilli -walnut sized material
cinders -pea sized material
particles larger than lapilli
blocks -hardenes or cooled lava (meters)
bombs -ejected as hot lava (teardrop shape)
phreatic eruption : steam from hot groundwater 
plinian eruption can go 10s of km into atmosphere
pyroclastic flows and surges
mixture of hot gas and rock that flows like an avalanche.  Ash to block size
velocities from 10s to 100 m/s 
generally confined to valleys 
originated from colum collapse or dome collapse
tend to be felsic 
ash hurricane. Responsible for the holocaust at St. pierre Martinique. In 1902 which killed almost 30000 people in minutes.  
Nuee ardente flow 
Fiery pyroclastic flow made of hot gases infused with ash and other debrees
200 km/h
Lahar 
Water saturated pyroplastic flow 
Melting glacier procides excess water 
Nevado del ruiz – a lahar occurred , takes a town out. 
Also happened at mt st Helen. A couple meters high lahar that stays.  
Secondary effects of the eruption
So2 and H20 atm = acid rain. 
Dust/rain = reflects sun radiation lowers T of earths surface by 2-3 degrees celcius as much as 10 years 

Volcanic cone – hill or mountain 
Volcanic crater/caldera – depression currounding vent 

1) effusive erruptions 
from near main vent – shield volcanoe 
from fissures (linear features)  on land = flood bassalts 
from subaqueous = pillow bassalts and subglacial (=lahars). 
Lava tubes, are like caves in carbonate rock. Lava tubes- you can go in. can look like a subway tunnel. Lava moves to fast laterally to melt the whole system 

Shield volcanoe ex. Mona loa 
Slope angles are gentle, size is large 
Composition because of broad nature means probably low in silica 
Olympus mns is very similar to mauna loa. 
Pyroclastic eruptions: 
Airborne material with little or no magma… very viscous = tephra 
Gas rich, viscous magma = ash flow eruption 
Composite cone (stratovolcanoe)
Composed of interbedded lava flows and layers of pyroclastic debris 
Large classic shapes volcanoe (1000s of m high and several km wide )
Most are located adjacent to the pacific ocean. 
Ex. Mt Vesuvius 
Often produce a nuee ardente
May produce a lahar 
Mt st Helens exploded out the side – lateral blast
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Chapter 1 
1.1 Concept of geologic time
Physical geology
examines the materials composing earth
seeks to understand the many processes that operate beneath and upon its surface

Historical geology
to understand the origin of earth
development through time. 

Internal processes
those that occur beneath earths surface 
sometimes lead to the formation of major features at the surface

External processes 
such as landslides, rivers and glaciers 
erode and sculpt surface features
 
Geologic hazards are natural processes 

Geologic hazards
Seismic
Volcanic
 change caused by humans ie ocean levels rising due to warming

We are draining the earth!!! Mega cities, resources… etx.

1.2 The development of Geology
Aristotle believed
 rocks were created under the ‘influence’ of the stars
earthquakes occurred when air crowded into the ground, was heated by central fires and exploded. 
He believed due to fossil fish that many fish live in the earth motionless. 

Around 1500 people became very interested in geological questions again. 

Catastrophism
mid 1600s james usher published a work that led to the idea of catastrophism. 
This was fully developed in the 17th and 18th centuries when catastrophists believed that earths landscapes were shaped because of great catastrophes. 
It was thought that mountains and canyons were caused in a matter of moments due to world wide disasters. 

The birth of modern geology
James Hutton published the theory of the earth 1795. 
He put forth a fundamental principle of geology today… uniformitarianism. 
This states that the physical, chemical and biological laws that operate today have also operated in the geologic past. 
Uses the idea that present processes are the key to figuring out the past. 

The age of the earth is put at about 4.6 billion years

1.3 The Nature of Scientific Inquiry
A tentative explanation is a scientific hypothesis, before a hypothesis is accepted it must pass objective testing and analysis. They have to fit observations made that support them.

When a hypothesis has survived extensive scrutiny and when competing hypotheses have been eliminated a hypothesis may be elevated to the status of a scientific theory. 

Scientific method:
Question 
Data
More questions
Hypothesis 
Observations and experiments to test hypothesis
Hypothesis accepted, modified or rejected
Data and results shared with scientific community

Continental drift
idea that the continents moved about the face of the planet 

Theory
the theory of plate tectonics. Passed more than 50 years later. 

1.4 Earths Spheres
hydrosphere
water portion of the planet

atmosphere
earths gaseous envelope

geosphere
the solid earth 

biosphere
the totality of all plant and animal life on our planet. 

The ocean 
blankets about 71% of earths surface. 
It accounts for 97% of earths water

Water
Vital
freshwater is necessary to living things 
sculpting and creating many of our planets varied land forms. 

The atmosphere
 very shallow layer compared to the thickness of the earth. 
It provides us with the air we need and protects us from the suns intense heat and ultra violet radiation. 
It also helps produce weather and climate. 

Ocean life 
concentrated in the sunlit surface waters of the sea

Most life on land is concentrated near the surface. There are also organisms adapted to extreme environments. 
Without life the makeup and nature of the hydro, atmo and geosphere would be very different as we alter all compositions and environments.
 
The geosphere
largest of all the spheres. 
Soil is the thin veneer of material at earths surface that supports the growth of plants. 
The solid portion is a mix of rock debris (geo sphere) 
as well as organic matter from decayed plants and animals (bio sphere). 
The Rock debris exist because of weathering processes caused by the atmo and biosphere. 
Air and water also exist between materials in soil. 
1.5 Earth as a system
earth system science
aims to study earth as a system composed of numerous interacting parts or subsystems. 

A system
group of interacting, or interdependent parts that form a complex whole. 

The carbon cycle
 how carbon moves through all 4 spheres of the earth.

Hydrologic cycle 
unending circle of water between the 4 spheres. 

The rock cycle
constantly forming, changing and re-forming rocks and this is done by all 4 spheres. 

The earth system is powered by 2 sources. 
The sun drives external processes that occur in the atmosphere, hydrosphere and on earths surface. Weather, climate, ocean circulation and erosion are driven by the suns energy. 
Heat remaining from when our planet was formed and continuously generated from radioactive decay power the internal processes that produce volcanoes, earthquakes and mountains. 

1.6 Early Evolution of Earth
Big bang theory
about 13.7 billion years ago the big bang is thought to have occurred. 
An unimaginably large explosion occurred. 
The debris from this begin to cool and condense to stars and galaxies. 
The milky way being our galaxy and out solar system and earth take form.
Earth is one of 8 planets. 

Solar system 
begins with bang and dust/gasses (nebula) which under goes gravitational collapse. 
This contracts into a rotating disk heated by the conversion of gravitational energy into thermal. 
The nebular cloud cools and rock and metallic material condense into tiny particles. 
Repeated collisions of particles cause asteroid size bodies to develop and coalesce into planets.

The nebular theory 
proposes that the bodies of our solar system evolved from an enormous rotating cloud called the solar nebula. 
The inner planets…
 the formation of the sun= the end of contraction period and the end of gravitational heating. 
Temperatures where inner planets are begin to decline. Collisions of particles cooling cause them to become asteroid size bodies which eventually accrete to form the four inner planets
: mercury, venus, earth and mars. 
The rest of the rocky/metallic pieces remained in orbit and are called meteorites when they survive an impact with earth. 
High velocity impact of nebular debris causes temperature of the bodies to rise. 
The outer planets 
develop at the same time as the inner. 
Jupiter, Uranus, Saturn and Neptune. 
All have:
extensive satellite systems
large
have high percentage of ice on them because of there distance from the sun. This ice explains there large size and low densities
 
Formation of earths layered structure:
As material accumulated to form earth, the high-velocity impact of nebular debris and the decay of radio active elements caused the temp of our planet to steadily increase. 
Melting produced liquid blobs of dense metal that sank to the center of the planet to produce the iron rich core of earth 

Chemical differentiation of the layers of the earth. 
The early period of heating resulted in another process of chemical differentiation, whereby melting formed buyant masses of molten rock that rose to the surface-primitive crust. 
This helps develop the three layers of earth. The iron rich core, thin thin primitive crust and earths largest layer-mantle. 

The atmosphere develops
Large quantities of gaseous materials were allowed to escape from earths interior. This made a primitive atmosphere begin to develop.

Continents and ocean basins evolve.
 Following these events the crust was lost to erosion and so with no record of the makeup somehow the continental crust came into the picture. 

1.7 Earths internal structure
lithosphere, asthenosphere, outer core and inner core are further subdivisions of earth. 

The nature of earths interior is determined by analyzing seismic waves from earthquakes. 

The crust is the thin rocky outer skin. 
It is either oceanic or continental. 
Oceanic crust is about 7km thick and is composed of bassalts. 
Layering is by physical properties and chemical composition.
Continental crust is about 35 km thick and can exceed 70km. it has an average composition of granodiorite rock. The continental rocks are less dense than those of the ocean and are older. 

Earths mantle 
contains more than 82% of earths volume. 
It is mostly peridotite rock. 

The upper mantle is divided into three parts. 
The strongest part is the lithosphere  that consists of the entire crust plus the uppermost mantle. It is the earths cool outer shell. 100km in thickeness average. 
Beneath this is a weak soft layer called the asthenosphere. It has a temperature/pressure regime that results in a small amount of melting. Within this zone the lithosphere is detached from the layer below and can move independtly to the lithosphere. 
The transition zone  is next and is identified by a sudden increase in density. This change is because minerals in the peridotite rock respond to the increase in pressure by actually forming new minerals completely. 

The lower mantle
 strong because of it’s intense depth. 
The rocks are very hot down there and capable of extremely gradual flow. 
The D layer is the bottom of this and it has a certain nature as it is the boundary between the hot liquid iron core and the lower mantle.

Earths core
composed of an iron nickel alloy. That’s extremely dense. 
It’s divided into 2 regions, 
the outer core is the liquid layer and the inner core is a sphere. 
The movement of the metallic iron in the outer core is thought to have caused the magnetic field. 
The inner core is solid due to the immense pressures coming from all directions. 

1.8 Rocks and the Rock Cycle
The nature and appearance of a rock is strongly influenced by the minerals that compose it. 
The rocks texture (size, shape, arrangement of minerals) has a significant effect on appearance. The texture and mineral composition are a look into how the rock was created. 
Rocks are in 3 major groups: igneous, sedimentary and metamorphic. 
The rock cycle allows us to view many of the interrelationships among dif. Parts of the earth system. It helps us to understand the origin of rocks and how the 3 types are linked
The cycle begins with 
magma-molten rock that forms deep beneath earths surface. 
Over time it cools and becomes solid. This is called crystallization-occurs either following a volcanic eruption or beneath the surface. 
Igneous rocks exposed undergo weathering. This disintegrates and decomposes rocks. Erosional agents than work on these rocks. 
The dissolved substances are called sediments. 
These sediments than undergo lithification which means conversion into rock. Sediment is usually lithified into sedimentary rock. 
When this is subjected to great pressures/intense heat it becomes metamorphic rock. 
And if the pressure and heat continues this turn back into magma. 
Processes are driven by earths interior- this causes igneous and metamorphic rocks. 
The sun causes weathering and erosion which produces sediment and sedimentary rocks. 

1.9 The face of earth
there are two principal divisions of earth
 the continents and the ocean basins. 
These have very different levels. 

Continents: 
remarkably flat. 
They appear like plateaus protruding above sea level. 
Mostly composed of granite rocks.

Ocean basins
basaltic rocks,
 lower than the continents

The continental crust is less dense and more buoyant than the oceanic crust, so we float higher on the mantle than oceanic crust does. 

Major features of the continental crusts
 deformed uplifted regions that make up mountain belts
extensive flat stable areas that have eroded to be near sea level. 

Young mountains are located principally in two major zones
the circum-pacific belt. Island arcs are active mountainous regions mostly composed of volcanic rocks and deformed sedimentary rocks ex. JAPAN. 
Other major mountain belt is eastward through the alps through iran and the Himalayas and then dips to Indonesia. 

The stable interior
the interiors of the continents called cratons are relatively stable. 
In these areas are shields which are expansive, flat regions composed of igneous and metamorphic rock mainly.
 These flat regions were thought to a long time ago have been mountain ranges. 
Stable platforms are another area in these regions which have deformed rocks but are covered by sedimentary rocks. 

Major features of the ocean floor
chains of volcanoes, deep canyons, plateaus and large expanses of flat plains exist on the ocean floor. 
There are 3 major regions; continental margins, deep ocean basins and oceanic (mid-ocean) ridges.

Continental margins
the portion of the seafloor adjacent to major landmasses. Includes continental shelf, continental slope and continental rise. 
Continental shelf is part of the continent, extends down into the ocean until it reaches the continental slope where the divide is. 
The continental slope is a steep drop off that divides continents and ocean basins. 
In regions where there are no trenches the continental rise exists that this is a thick wedge of sediment that moved downslope from the continental shelf and accumulated on the deep ocean floor. 

Deep ocean basins: 
Abyssal plains: flat features of ocean floor
Deep ocean trenches: deep depressions more than 36000 feet deep. Trenches usually parallel mountains and volcanic islands. 
Seamounts: submerged volcanic structures that create lava plateaus. 
Oceanic ridges/mid ocean ridge: usually continuous around globe. Has highly deformed layers of igneous rock that has been fractured and uplifted. 

Chapter 2 January Friday 24th 2014 
2.1
before 1960s thought that ocean basins and continents were static. 
Now known that they gradually migrate around the globe
Tectonic processes are those that deform earths crust to create major structural features like mountains, continents and ocean basins. 
Scientific revolution, early 20th century – theory proposed, continental drift 
50 years later= theory of plate tectonics – evidence supports. 

2.2
1915, Alfred Wegener german meteorologist/geophysicist. The origin of continents and oceans, this outline the hypothesis he calls continental drift 
he thought a supercontinent existed, ‘Pangaea’ 
he thought in early Mesozoic times this started to split 
evidence: the continental jigsaw puzzle
similarity between coastlines on opposing sides of atlantic 
seaward edge of continental shelf is better approx.. of continents. 
Sir Edward bullard in early  1960s saw that continental shelfs of south America and Africa fit together remarkably. 
Evidence: fossils match across sea
South America and Africa had identical fossil organisms in there crusts
Paleontologists agreed with wagner that a land connection was necessary for this to have occurred 
Mesosaurus: adds credibility as several fossil organisms on different landmasses ex. Here mesosaurus could only exist if connected by land as it’s unlikely they would have survived the ocean. 
Glossopteris: the fossils of this seed furn are avidence for existence of Pangaea. Tongue shapes leaves and seeds to large for wind is in Africa, Australia, india and south America and Antarctica!. It’s also said that these only grow in cool climates so it’s thought when these land masses were joined they were close to the south pole. 
Evidence: rocks types and geologic features
There are similar (too similar) rock types on separate continents. Ex. Highly deformed igneous rocks in brazil that closely resemble rocks in Africa. Also mountain ranges terminate on one close line but are seen continuing on a continent across the ocean, ex. The Appalachians mountain belt is matched with extremely similar ones in the British isles and Scandinavia. 
Evidence: ancient climates 
Paleocimatic data helps support weigners hypothesis. A glacial period dated to the same time covered Africa, south America, Australia and india. This could only happen if
Our planet experienced extreme global cooling, but this isn’t plausible because in the north lush tropical swamps existed. 
Because it couldn’t have been global cooling and these continents are also close to the equator it gives us evidence that these continents were actually in different places. 

2.3
one of the primary problems with weigners hypothesis was that he couldn’t produce a theory of how continental drift actually occurred
he proposed two wrong theories. The first was that the gravity of earth and the moon is what moved continents but he was wrong. And the second Is that he thought that continents were stronger than the ocean layers and that they could just plow through them
north America really rejected weigners theories 
breakup of Pangaea 
1. Pangaea 200 million years ago all together 
2. 150 mill First major event was separation of north America and Africa which opens the north atlantic 
3. 90 million years ago south atlantic opens, breakup of south hemispheres separated Africa, india and antartica
4. 50 mil years ago southeast asia had docked with Eurasia and india continues north journey
5.20 million years ago india begins collision with Eurasia to create himalays and Tibetan highlands
6. Past 20 million years Arabia rifted from Africa and created red sea while baja and California separate from mexico to form gulf of California

2.4
the discovery of the global oceanic ridge system occurred just after world war 2, winds around the oceans similar to the seam of a baseball 
theory of plate tectonics emerges by 1968
rigid lithosphere overlies weak asthenosphere: the coolest uppermost part of the crust is called the lithosphere. 
It is a strong layer that varies in thickness and density. Oceanic lithosphere is approx.. 100 km thick in the ocean. 
Continental lithosphere is about 200 km thick. 
Oceanic lithosphere is more dense than continental because oceanic is rich in magnesium. Continental is composed of less dense rocks.
The asthenosphere is a hotter weaker region in mantle below the lithosphere. Rocks at this depth are very near melting temperatures.
Asthenosphere respond to force by flowing. Lithosphere responds to force by bending or breaking.
Lithosphere is broken into about 2 dozen irregularly sized and segmented plates ‘lithospheric plates’. These are constantly in motion.
7 lithospheric plates account for 94% of earths surface area: north American, south American, pacific, African, Eurasian, Australian-indian and antartic plates. Pacific plate-largest
other plates: Caribbean, Nazca, Philippine, Arabian, cocos, scotia, juan de fucas. 
Most interaction and deformation between plates occurs at boundary lines. This includes earth quakes and volcanic activity. 
Boundary description
1. Divergent plate boundaries (constructive margins), two plates move apart, upwelling of hot material from mantle to create new seafloor.
2. Convergent plate boundaries (destructive margins), two plates move together resulting in either oceanic lithosphere descending beneath overriding plate to be reabsorbed into mantle or a mountain belt when two continental plates converge. 
3. Transform plate boundaries (conservative margins), two plates grind past each other without production or destruction of lithosphere. 

2.5 
divergent plate boundaries are located mostly on crests of oceanic ridges. Constructive plate boundaries because ocean floor is generated. When they move apart hot rock from mantle migrates  up to fill voids. Ex. mid atlantic ridge. 
The majority of all divergent plate boundaries occurs at oceanic ridges. These are elevated areas of the sea floor associated with high heat flow and volcanism. These cover 20% of the earths surface. 
Ridges are only 2-3 km high but 1000-4000+ km wide. 
Rift valley: evidence that tensional forces pull the oceanic crust apart at the ridge. 
Mechanism that creates new sea floor is called seafloor spreading 
About 5cm per year of new sea floor-same rate that human finger nails grow. 
The thermal contraction of oceanic rifts accounts for increase of intense ocean depths. 
Oceanic lithosphere is generated by cooling of the asthenosphere from top down. 
Continental rifting: divergent boundaries can develop in continents to. This begins when plate motions produce opposing forces, pulling and stretching the lithosphere apart
During this process the lithosphere thins and brittle crustal rocks break into large rocks. This causes the rocks to drop and the broken elongated depression is called a continental rift. 
Modern ex. Is the east African rift. Kilimanjaro and mount Kenya show that this upwelling is occurring below the surface in the area where the continent is being torn apart. The red sea is another ex of a continental rift. This is most likely what the atlantic ocean looked like in its infancy. 

2.6
convergent plate boundaries, when two plates move towards each other and the leading edge of one is bent downwards, sliding beneath the other. 

Convergent boundaries are also called subduction zones because they are where lithosphere is descending into the mantle. Since oceanic lithosphere is more dense than continental when they converge lithosphere typically goes down into the mantle. 

Deep ocean trenches are the product of the oceanic lithosphere descending into the mantle. They cause linear depressions which are long and deep. 
There are three type of convergent boundaries: two oceanic plates, one oceanic plate and one continental plate, two continental plates. 

Oceanic-continental convergence: when a plate capped with continental crust meets a slap of oceanic lithosphere the buoyant continental plate remains floating and oceanic slab sinks into the mantle. At about a depth of 100 km melting is triggered because the oceanic lithosphere is wet and this causes the temperature of melting to rise substantially. This is called partial melting and produces molten rock. The molten rock isn’t dense and so it makes its way to the surface. When it breaks through it gives rise to a volcanic eruption. 

Oceanic-oceanic convergence: when two ocean slabs converge one goes underneath the other, much like oceanic-continental convergence. This builds a chain of volcanoes large enough to create islands. This is called a volcanic island arc. Most of these arcs are located in the western pacific. 
Continental-continental convergence: this happens when the interfering ocean floor experiences subduction. This creates a new mountain range composed of deformed sedimentary metamorphic rocks with slivers of oceanic crust. 
Ex. India and Eurasia plates converging=Himalayas

2.7
transform plate boundaries: also called transform faults, the plates slide horizontally past each other and do not produce or destroy lithosphere in the process. Most of these faults are on the ocean floor. These are seen as prominent linear breaks in the sea floor known as fracture zones. These zones include inactive extensions and active transform faults. Active transform faults are in between two ridges and involve mild earthquakes. Most transform zones produce a step like plate margin. The fracture zone is the whole thing and then there is a transform zone in the middle that’s acive with an inactive zone on either side. 

Transform zones are long narrow scar like features in the sea floor that are roughly perpendicular to the offset ridge segments. They include both active transform fault and its fossilized trace. Most transform faults offset segments of a spreading center producing a step like margin. The mid atlantic ridge with its zig zag pattern roughly reflects the shape of the rifting zone which resulted in the break up of Pangaea. 

Transform faults can facilitate plate motion

2.8
testing the plate tectonics model: 
core samples show that the thickness of sediments increases with distance from the ridge crest. The less thick the sediments the younger it is. This shows that sea floor close to the ridge is younger than sea floor further away. 
Mantle plumes and hot spots… 
mapping volcanic islands and seamounts (underwater volcanoes) reveals that linear chains of volcanoes exist. The Hawaiian island-emperor seamount chain is the longest volcanoe chain. The youngest island in the chain (Hawaii) rose less than a million years ago. 
Mantle plume: upwelling of hot rock cylindrically shaped. As it rises through the mantle it causes melting and makes the surrounding area a hot spot for volcanism. The chain of volcanoes is a hot-spot track. 
Paleomagnetism. 
Magnetic poles roughly align with geographic poles (geographic poles are where earths rotational axis interacts the surface) 
Magnetic poles act with invisible lines of force 
Magnetic field is less obvious than gravity because humans don’t feel it
Naturally occurring elements can be magnetic and are influenced by magnetic field
Ex) magnetite-in lava flows and balsatic composition
Curie point (about 585 dergees celcius) is about 585, anything above this is not magnetic so magma (1000 degrees) doesn’t feel magnetic field until cooled.
As lava cools iron rich grains align themselves with magnetic lines of force due to being magnetized. 
They point to magnetic poles 
So rocks that cooled millions of years ago point to the pre existing poles, this is paleomagnetism. 
Apparent polar wandering
Over past 500 million years magnetic pole has wandered from Hawaii to arctic ocean.  This was seen in europes rocks. But because its not plausible, this means that Europe has actually moved across the earth- continental drift evidence. Also shows north America and Europe were once joined
Magnetic reversals and sea floor spreading 
Magnetic reversal-when magnetic field reverses polarity. During this north pole becomes magnetic south and vise versa. 
Radiometric dating can establish time of lava flows due to magnetism.
Magnetometers are instruments used to survey magnetism on ocean floor
Stripes of high and low intensity magnetism appear in ocean floor 
Low intensity=crust polarized in opposite magnetic direction 
Ocean crust of normal polarity enhances magnetic field and low intensity decreases magnetic field
At same distance on opposite sides of ridge the matching strip occurs, this gives evidence of seafloor spreading meaning parts would have to deteorate or is learned before subduct under continental crust.

2.9
geologic evidence for plate motion:
by drilling ocean floor and knowing the age and distance from a ridge axis the average rate of plate motion can be calculated
transform faults yield the directin of plate movement 
ocean floor only 180 million years old so cant look at older patterns – must rely on paleomagnetic evidence 
measuring plate motion from space 
GPS can locate position point on earth a few millimeters 
Hawaii is seen to move toward japan 8.3 cm a year 
2.0 cm a year spreading rate of continents 
plate motion affecting plate boundaries 
side and shape of individ. Plates is constantly changing 
African plate is growing in size
Red sea new spreading center 

2.10
forces driving plate motion 
subduction of cold dense slabs of oceanic lithosphere slab pull .. they sink like a rock moving plates because of density 
ridge push gravity-driven mechanism, causes lithosphere to slide down the flanks of the ridge (gravity). –subduction zones along margins
mantle drag enhances plate motion. 
Forces resiting plate motion
Asthenosphere being faster than plate 
Subduction zones where instead of motion friction = earthquake 
Models of plate mantle convection
1) convective flow in the rocky 2900 km thick mantle. Warm buoyant rock rises and cool dense material sinks- this is the underlying force of plate movemt 
2) Mantle convection and plate tectonics are part of the same system. Subducting ocean plates drive cold down moving portion of convective flow and shallow upwelling of hot rock along the oceanic ridge and buoyant mantle flowing arms and plumes are the convective mechanism 
3) convective flow in the mantle is the major mechanism for transporting heat away from earths interior to the surface, where it is eventually radiated into space. 
Whole mantle convection
Also called plume model
Cold oceanic lithosphere sinks to great depths and stirs entire mantle 
Balanced by buoyantly rising mantle plumes transporting hot material to the surface
Plume types: narrow tubes and giant upwellings. 
Narrow plumes from core and produce hot spot volcanism (ex Hawaii) 
Giant upwellings are thought to account for places like south Africa and how it has such a high elevation. 
Layer cake model 
2 zones of convection 
thin dynamic layer in upper mantle 
thick large sluggish one below 
downward flow from subduction of oceanic lithosphere and rather than reaching lower mantle thought to only reach 1000 km. upper layer of cake model is littered with oceanic lithosphere 
upper mantle melting of this is thought to produce magma for volcanism away rom plate boundaries- like Hawaii 
lower mantle is sluggish and does not support volcanism but it carries heat upwards and mixing of two layers could occur .

Chapter 3
3.1
minerals: building blocks of rocks 
mineralogy: study of minerals
mineral: naturally occurring inorganic solids that posses an orderly crystalline structure and a characteristic chemical composition. 
rock: minerals are the building blocks. They are naturally occurring masses of minerals or mineral-like matter such as glass or organic debris. 

3.2
atoms: building blocks of minerals 
atom: composing minerals. Consist of protons neutrons and electrons
nucleus: composed of neutrons and protons
proton: atomic number , positive charge
neutron: no charge in atom same number as proton
electron: smaller than protons and neutrons. Weigh about 2000 times less. Each has full negative charge. Swarm around atoms nucleus in energy levels called principal shells. 
valence shell electron: electrons in outermost principal shell, important when bonding with other atoms to form chemical compounds
atomic number: number of protons in an atom 
element: elements with similar number of valence electrons behave in the same way can be found on the periodic table all make up different chemical compounds when together or solo
periodic table: listing of elements and charges to be found
chemical compound: more than one element bonded together

3.3 
octet rule: the most stable arrangement is to have 8 electrons in the outermost principal shell
chemical bonds: when atoms are attracted to other atoms they can form bonds, which involved the transfer or sharing of valence electrons. 
ionic bond : involve atoms of one element giving up electrons to atoms of another element. Forming positively and negatively charged atoms called ions. Positively charged ions bond with negatively charged to form ionic bonds. Usually metal and non metal
covalent bond: involve the sharing of electrons between 2 adjacent atoms. Usually non and non metal
metallic bond: the sharing is more extensive. This is two metal atoms bonding and electrons can freely move from one atom to the next throughout the entire mass.

3.4 
how do minerals form
mineral crystals can form in several ways. When elements are dissolved in solutions of water, precipitations of minerals may be triggered by a drop in temp. or when loss of water by evaporation causes the concentration of ions to become greater. 
In molten rock free moving atoms form bonds with other atoms as the liquid cools, and that nucleus of a mineral crystal will add additional atoms on its outer edges, growing larger as more atoms enter the lower energy solid straight. 
Marine organisms can extract ions from the surrounding seawater and then biochemically secrete skeletal material made of either calcium carbonate or silica. 

3.5 
physical properties of minerals
the composition and structure of a minerals crystal lattice give it specific properties physically. These properties can help us tell minerals apart from another and make certain minerals useful to human tasks.
luster: a minerals ability to reflect light. The degree to which it can transmit light can be described as transparent, translucent or opaque. 
color: an unreliable characteristic for identification. Slight impurities ‘stain’ minerals and so color is misleading. 
streak: the powder generated from scraping a mineral against a porcelain streak plate. This is a trustworthy color. 
crystal shape: this assumes as the mineral grows and is useful for identifying it. We call this the minerals habit
tenacity: whether a mineral breaks in a brittle fashion or bends when it is very stressed-this is a product of how strong the bonds that the atoms in it have. 
hardness: resistance to being scratched
mohs scale: a numerical  value of hardness which consists of 10 minerals arranged from 1 softest to 10 hardest . this is a relative ranking.
cleavage: the preferential breakage of a mineral along planed of weakly packed bonded atoms, this is useful in identifying minerals.
fracture: minerals that have chemical bonds that are equally or nearly equally strong. 
Irregular fracture: uneven surface after fracture
Conchoidal fracture: smooth curved surface
Fibrous fracture: splintered surface
density: amount of matter packed into a given volume. 
specific gravity: Ratio between mineral density and the density of water 

3.6 
mineral structures and compositions 
crystal/crystalline: naturally occurring solids with orderly repeating internal structures. All minerals occur in crystal form, even if those crystals are stereotypical ( large, prismal). The atoms that make up a mineral are packed together in some geometrically regular fashion. 
unit cell: smallest expression of crystal arrangement of cel(geometrically regular fashioned). Many unit cells repeating and 3d structure form a mineral crystal.
stenos law (law of constancy of interfacial angles): no matter how big a crystal of a given mineral may be, the angles between its faces will always be the same.
Polymorph: the same chemical compound can grow into dif. Mineral crystals with dif. Arrangements of atoms. This is a polymorph. Ex. Calcite and aragonite. Different minerals but they both have caco3. 
The composition of minerals may vary  in certain parameters. Certain portions of the chemical formula of a mineral may be fixed and invariable but others flexible. Atoms of similar size and charge can generally swap out for one another 

3.7
how minerals are classified 
rock forming mineral: very common in the crust. 
economic mineral: other minerals that are not very common in the crust
silicate: most common minerals in crust, composed primarily of silicon and oxygen, they have crustal structures dominated by those elements.
nonsillicate: only make up about 8% of the crust. Very economically important
most common elements in earths crust: silicon, iron, potassium, magnesium, sodium, calcium, others and oxygen. 
minerals are placed into classes on the basis of similar crystal structures and compositions. Minerals of the same class tend to have similar properties and are found in similar geologic settings. 
Silicon and oxygen are the most common elements in earths crut and so the common minerals in the crust are silicate minerals

3.8
the silicates
silicate minerals have a basic building block in common: a small pyramid shaped structure that consists of one silicon atom surrounded by 4 oxygen. It is the silicon oxygen tetrahedron. Individual tetrahedral can bond to other elements and neighboring share some oxygen atoms, this develops long chains that is called polymerization 
polymerization can produce silicate mineral structures with high or low degree of o2 sharing. The more sharing, the higher ratio of silicon to oxygen. This can produce: single, double or even sheets of shared tetrahedral or 3d networks that all share o2 in the mineral
mineral groups are suites of minerals with similar properties because they have many similar structures. Minerals within a group are differentiated mainly by slight variations of proportions of elements involved. 
Muscovite-mica mineral group are build into sheet like sharing of silicon-o2 tetrahedra. 

3.9
common silicate minerals 
silicate minerals make up the most common mineral class on earth. They are subdivided into minerals that contain iron and/or magnesium and those that do not. Ferromagnesium and nonferromagnesian minerals. When the minerals are formed, conditions such as elements available, temp etc) determine the type that is formed. 
Nonferromagnesian minerals are generally light in color and have low specific gravity. Ex. Feldspar, quartz, muscovite and clays. 
Ferromagnesium minerals are generally dark in color and relatively dense. Olivine, pyroxene, garnet, biotite are examples. 
Exception! In general these colors are correct but sometimes nonferromagnesium minerals are dark colored. This is because of blends 

3.10
Important nonsilicate minerals 
Nonsilicate mineral groups don’t have the silicon-oxygen tetrahedron as the fundamental unit. Instead they are made of other elements in diverse arrangements 
Oxides are dominant by bonding of other elements (usually metals) to oxygen ions. Carbonates have co3 as a critical part of their crystal structure. Sulfates have SO4 as their basic building block. Halides have a nonmetal ion such as chlrine, bromine, or fluorine bonded to an ion like sodium or calcium. 
Nonsilicate minerals are often economic. Hematite is an important source industrial iron. Calcite is a critical component of cement. Halite makes popcorn taste good! 

Chapter 4 January 25th 2014 
4.1
magma: parent material of igneous rock
completely or partly molten rock=magma 
if its below surface=magma and lava if it has erupted
magma/lava consist of liquid melt and possible additions of solids (mineral crytals) and gases (volatiles-such as water vapor/co2)
magma cools and silicate minerals begin to form 
these crystal grow by addition of ions to outer surface 
cooling proceeds and crystallization turns magma into solid mass of interlocking crystals.
Igneous rock: cooled magma, solid mass of interlocking crystals 
Magmas cooling below surface produce intrusive igneous rocks (plutonic rock)
Magma cooling above surface produce extrusive igneous rocks (volcanic rock) 

4.2
igneous compositions 
igneous rocks=mostly silicate minerals 
igneous rock mostly composed of nonferromagnesian minerals=felsic igneous rock 
igneous rock mostly composed of ferromagnesian minerals=mafic igneous rock 
mafic rocks = darker color, greater density than felsic 
continental crust = felsic 
oceanic crust = mafic 
intermediate rocks where plagioclase feldspar dominate are compositionally between mafic and felsic. 
Typically continental volcanic arcs 
Ultramafic rocks-rich in olivine and pyroxene dominate upper mantle 
Amount of silica in igneous rock indicated composition 
Rocks with a lot silica (up to 70 percent) are felsic 
Rocks poor in silica (low as 40%) are ultramafic 
Amount of silica in magma determines viscocity and crystallization temp

4.3
igneous textures: what can they tell us 
texture is descriptive of size shape and arrangement of mineral grains 
texture tells us about conditions when formed
rate at which magma/lava cools is a factor in rocks final texture 
cooling rate is quick for lava close to or at surface 
crystallization is rapid, produces large numbers of very small crystals. This is a fine grained texture
when magma cools under ground cools slowly because hot 
ions are organized into larger crystals 
coarse grained texture of rock with larger crystals 
if cooling begins in depth and moves to surface or vise vresa you get a mix-2 stage cooling history that gives a polyphyritic texture 
volcanic rocks have other textures as well 
vesicular if high gas content 
glassy if high in silica 
pyroclastic if erupted explosively 
pegmatitic texture result from crystallization of magma with lots of water content-large crystals 

4.4
naming igneous rocks 
igneous rocks are classified on basis of texture and composition 
two magmas with same comp. when cooling at dif rates have dif. Textures. But texture can be similar also even if comp is different. 
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granite: felsic (granitic) mineral composition, dominant minerals are quartz and feldspar, granite is a course grained rock called phaneritic.
rhyolite: felsic (granitic) mineral composition, dominant minerals are quartz and feldspare, rhyolite is a gine grained rock called aphanitic
obsidian: felsic (granitic) mineral composition, dominant minerals are quartz and feldspare, obsidian is a glassy texture which means high in silica
pumice: is a felsic (granitic) mineral composition, dominant minerals are quartz and feldspare, pumice is a vesicular (contains voids) textured rock which means high gas content.
andesite: is an intermediate (andesitic) rock. Its dominant minerals are amphibole and plagioclase feldspar. It is fine grained which is called aphanitic. 
diorite: is an intermediate (andesitic) rock. Its dominant minerals are amphibole and plagioclase feldspare. It is a phaneritic (coarse grained) rock. 
basalt: Is a mafic (basaltic) rock. It’s fominant minerals are pyroxene and plagioclase feldspar (with some olivine-> getting close to ultramafic). It is of the anphanitic texture (fine-grained). 
gabbro: Is a mafic (basaltic) rock. Its dominant mineals are pyroxene and plagioclase feldspar (with some olivine -> getting close to ultramafic). It is of the phaneritic (coarse grained) texture. 

4.5
origin of magma 
solid rock melts in 3 geologic circumstances
heat is added to rock 
raising temp when already hot rock experiences lower pressures (decompression-ex. mid ocean ridges)
when water is added (subduction zones in oceans) 
geothermal gradient: the increase in temperature in ratio to depth 
decompression melting: when confining pressure drops sufficiently. Occurs where hot solid mantle rock ascends in zones of convective upwelling and moves into regions of low pressure. 

4.6
how magmas evolve
N.L bowen revealed that in a cooling magma minerals crystallize in a specific order 
Ferromagnesian sillicates such as olivine crystalize first (at highest temp) 
Nonferromagnesian sillicates crystalize last at lowest temp such as quartz
In between temps, chemical reactions occur between crystallized silicates and melts that result in comp. changes and form new minerals
Various physical processes change comp. of magma. If crystallized silicates are more dense than remaining melt they sink to the bottom. Since they are most likely ferromagnesians the magma now becomes more felsic 
As magma migrates they react with host rocks and other magma bodies. Host rock or magma mixing alters the magma composition
In a pluton (flume from mantle of magma), pyroxene and olivine sit at bottom typically, plagioclase feldspar, amphibole and biotite will sit in the middle and mostly quartz and potassium feldspar will be at the top. 
Bowens reaction series: the arrangement of minerals in which they crystallize from a mafic magma. [image: Macintosh HD:Users:davidhall:Desktop:BowensReactionSeries.jpg]
Crystal settling: when earlier formed minerals are denser (heavier) than the liquid portion and sink toward the bottom of th magma chamber 
Magmatic differentiation: the formation of one or more secondary magmas from a parent magma. Ex. Palisades sill shows this because of a slow rate of solidification. 
Assimilation: when magma moves through crust it incorporates the surrounding rock 
Magma mixing:  during the ascent of two chemically distinct magma bodies as the more buoyant mass takes over the more slowly rising body. They join and convective flow stirs them so they have an intermediate composition. 

4.7
partial melting and magma composition 
usually when rocks melt they do not completely melt. Different minerals have dif. Temps where they change from solid to liquid. This is partial melting where only certain minerals in the rock will melt.
Partial melting of the ultramafic mantle yields mafic oceanic crust. Partial melting of the lower continental crust at subduction zones produces secondary magmas that have intermediate or felsic compositions. 
So the source rock experiences partial melting and whatever melts fist is usually felsic magma and than the left over is mafic residue 

4.8
intrusive igneous activity 
magma intrudes other rocks, cools and crystallized before reaching surface. These intrusions are called plutons 
plutons come in many shapes, they may cut across host rocks without regard for preexisting structures. Or they can flow along weak zones in host rock, ex. Between horizontal layrs of sedimentary bedding 
tabular intrusions can be concordant (sills) or discordant (dikes) 
massive plutons can be small (stocks) or large (batholiths) 
blister like intrusions also exist (laccoliths) 
as solid igneous rock cools, volume decreases. Contrnaction can produce columnar jointing. A distinctive pattern of fractures seen in the devils tower, Wyoming. 
Rising diapars is a process that causes magma intrusion in host rocks 
Shouldering side of host rocks is another cause of magma intrusion
Stoping of xenoliths from the host rock can open up more room, or the magma can melt and assimilate some of the host rock 
Intrusion/pluton: structures resulting from magma entering pre existing rock
Tabular: shaped as a table, intrusive igneous bodies
Massive: intrusive igneous bodies
Discordant: igneous bodies don’t agree with existing structures
Concordant: igneous interjecting bodies agree if they inject parallel to features like sedimentary strata
Dike: discordant bodies that cut across bedding surfaces or other structures in country rock. They are a tabular intrusive igneous body
Sill: nearly horizontal concordant bodies that form when magma exploits weaknesses between sedimentary beds of other structures. This is a tabular intrusive igneous body 
Columnar jointing: occurs when igneous rocks cool and develop shrinkage fractures that produce elongated pillar like columns that most often have six sides. so rapid cooling from the outside causes the shrinkage cracks. The columns have 6 sides and are often jointed together. An example of this is giants causeway in Ireland. 
Batholith: the largest intrusive igneous body. They are mammoth linear structures that are several 100 km long and up to 100km wide. Sierra Nevada batholith is an ex of the granitic structure in California. 
Stocks: smaller plutons, they appear to be portions of much larger intrusive bodies classified as batholiths. 
Xenolith: suspended blocks of country rock called xenoliths. So this is where more resistant rocks become dislodged and sink through magma. 
Laccolith : G.K gilbert found these. They are igneous intrusions that forcibly are injected between sedimentary strata. This causes the rock around it to arch but the rock below remains flat. 
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5.1
the nature of volcanic erruptions
volcanoes are where liquid rock under surface (lava) emerges at earths surface. 
Lava has some viscosity (resistance to flow). The more silica, the more viscous. Another viscosity influencing factor is temperature, how lavas are more runny
Viscous lavas clog plumbing in volcanoe. This causes pressure
High silica and low temp are most viscous, this means when pressure builds up they really blow in eruption 
Low silica and high temp lavas are more gentle eruptions 
Felsic lava and intermediate lava are more dangerous than mafic lava
Felsic-rhyolite lava, intermediate-andesite lava, mafic-basalt lava 
Volatile: rapid unpredictable change
Eruption columns: highly viscous magmas expel particles of fragmented lava and gases at nearly supersonic speeds that evolve into buoyant plumes called eruption columns.
Some volcanic eruptions are explosive and others are quiescent 
Quiescent: very fluid balsatic lavas are often triggered by molten rock into a near surface magma chamber. This is detected as the mouth of the volcanoe begins to rise/the ground around it a substantial amount of time (months or years) ahead of the eruption. The lava flows out rather than erupting explosively in all directions. This is what happens at Hawaii at the eruption of Kilauea. And has been going on since 1983. 
Explosive: the magma has water and gasses that are kept in the solution by immense pressure. As magma rises and pressure is reduced the dissolved gases begin to separate and form bubbles. When fluid basaltic magmas erupt the pressurized gases escape. They expand because of the intense heat to volumes hundreds of times there original. This makes the lava travel hundreds of meters in the air and appears like a fountain. They are usually harmless. ‘
On the other side hghly viscous magmas are dangerous. Because it created an event where magma is blown into fragments that are carried to great heights and distances by hot gases. 

5.2
materials extruded during a volcanic eruption 
aa (ah-ah): a type of lava flow characteristic to fluid basaltic magma, this has surfaces of rough jagged blocks with sharp edges and spiny projections. ‘Ah-AH walking on glass. ‘
pahoehoe: a type of lava flow characteristic to fluid basaltic magma, this has smooth surfaces that sometimes resemble the twisted braids of ropes. 
lava tube: pahoehoe flows develop these cave-like tunnels that were previously conduits for carrying lava from an active cent to the flows leading edge. They form on the interior of a lava flow where the temperature remains high long after the surface cools and hardens. 
block lava: viscous andecitic rhyolitic magmas produce this short thick flow. A few hundred meters to a few km max. Their upper surface consists of large massive detached blocks. 
pillow lava: outpouring of lavas on the ocean floor produce this. As molten basalt is extruded it flows in numerous tube like structures called pillow lava stacked on top of each other. 
pyroclastic materials: when volcanoes erupt explosively, they eject this. It is pulverized rock and lava fragments from the vent 
tephra : pyroclastic materials, ranges in size from very fine dust to pieces that weigh several tons. 
Ash – volcanic sand 
Welded tuff – glassy shards
Lapilli – little stones
Cinders – similar to little stones
Blocks – 2.5 inches diameter
Bombs – lava flying in air
Scoria – volcanic rock with vesicles, gas has erupted from them
Pumice – andesitic eruptuin product. Les dense than scoria
three categories of material extruded during volcanic erruptions
ash
lapilli 
bombs 
volcanoes bring gasses, solid chunks and liquid lava to surface
balsatic flows extend great distance as pahoehoe or aa flows
can have lava tubes, tunnels that continue carrying lava after surface cools
lava in water=pillow lavas
gasses most common from volcanoes: water vapor, carbon dioxide, at surface expand and explode 
bubbles that don’t pop/explode in the lava are called vesicles. 
Rhylolitic lava= pumice 
Mafic=scoria 

5.3
anatomy of a volcano 
fissure : the crack that starts a volcanoe. Develops in the earths surface as magma moves forcefully to surface
conduit : the path localizing gas rich magma 
vent : conduit terminates at this surface opening
volcanic cone: created by successive erruptions of lava, pyroclastic material or a combo of both-Often separated by long periods of innactivity
crater: at the summit of volcanoes, a funnel shaped depression. 
parasitic cone
fumarole
volcanoes form varies but share few common features.
Most are conical piles of extruded material collected around a central vent 
Cent is usually within summit crater or caldera 
On flanks smaller vents can be marked by parasitic cones 
Fumaroles and spots can also exist where gas is expelled 
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5.4
shield volcanoes: produced by accumulation of fluid basaltic lavas and exhibits the shape of a broad slightly domed structure that resembles a warriors shield 
build of many successive lava flows of low viscosity basaltic lava. 
Emerge from oceanic crust – lack pyroclastic debris. 
Lava tubes transport lava far from main vent 
Very gentle 
Associated with hot spot volcanism ex. Mauna loa 
Huge volcanoes 

5.5
cinder cones: built from ejected lava fragments that begin to harden in flight to produce vesicular rock scoria. 
scoria: vesicular rock occurring when lava fragments begin to harden in flight-common to cinder cones
steep sided structure, composed of pyroclastic debris-basaltic composition 
lava flows sometimes emerge at base
small compared to other major volcanoes because they form so quickly-single eruptive events 
unconsolidated=don’t stand up well to weather and erosion 

5.6
composite volcanoes: most dangerous volcanoes mostly found in the ring of fire
stratovolcano: other name for composite volcanoes
composite because they are both pyroclastic material and lava flow made 
erupt silica rich lavas that cool to produce andesite or rhyolite 
larger than cinder and smaller than shield 
multiple erruptions 
because theyre lava is more viscous it piles up more, this is why more steep than shield. 
Over time the combo becomes a towering volcanoe that looks like a Hershey kiss 

5.7
volcanic hazards 
pyroclastic flow: hot gases infused with incandescent ash and larger lava fragments. Composed of two parts: low density cloud of hot expanding gases containing fine ash particles and a ground hugging portion composed of pumice and other vesicular pyroclastic material. Because of the heat sometimes the pyroclastic materials in the flow weld together to create a rock called welded tuff
nuee ardente : another name for pyroclastic flow. Run down volcanoes at 100km an hour plus
lahar: a fluid mudflow generated by composite cones. They occur when volcanic debris become saturated with water and move down steep volcanic slopes-generally follow stream valleys. Can be triggered when magma nears glacier. 
tsunami : tsunamis can be triggered by volcanoes. Usually by collapse of flanks into the ocean. Powerful waves
sulfur dioxide : a poisonous gas released from volcanoes that reacts with moisture in lungs to produce sulfuric acid. 
ash clouds in air stop air traffic because it clogs proppelors and plane engines
if volcanic gasses reach stratosphere they can screen out a portion of incoming solar radiation and trigger short term cooling at earths surface 

5.8 
other volcanic landforms
caldera: among largest volcanic structures. They form when stiff cold rock above a magma chamber cannot be supported and collapses creating a large bowl like depression. On shield volcanoes these form slowly, on a composite volcanoe this can be a catastrophic event
fissure: fractures in earths crust
large igneous province: basalt plateaus caused by extraordinary amounts of lava being extruded from fissues in a short amount of time (geographically speaking).  Most have a basaltic composition. 
fissure eruption: produce massive floods of low viscocity silica poor lava from large cracks in crust. Layer upon layer of asalts builds up to thickness like the deccan traps
flood basalt : describes the event of a fissure eruption and the large igneous provence being produced. 
lava dome: thick masses of high viscocity silica rich lava that accumulate in summit or caldera of composite volcanoe. When collapsing they produce pyroclastic flows
volcanic neck: like at shiprock, new mexico. Lava in throat of ancient volcanoe crystallized and formed a plug of solid rock. The rest of the volcanoe erodes away and the neck stays. 
pipe : a rare conduit htat carries magma that originated at the mantle, this is gas laden and it travels rapidly enough to undergo minimal alteration in the ascent. 

5.9
plate tectonics and volcanic activity 
ring of fire: zone around the pacific of intense volcanic activity 
volcanic island arc: convergent plates that cause hot zones. They are close to trenches. When this happens in the ocean where the volcanoes grow large enough for the tops to rise above the water theyre called volcanic island arcs
continental volcanic arc: when slabs of oceanic lithosphere are subducted to converge with continental plates. Its seen by thicker crust and composed of rocks with higher silica content
intraplate volcanism: can be continental or oceanic. Continental is when a large mantle plume ascends beneath continental crust and vast outpourings of fluid basaltic lava are expelled. With oceanic it is when an oceanic plate moves over a hot spot – a chain of volcanic islands such as Hawaii is produced.
mantle plume: when hotter than normal mantle material ascends to the surface relatively quickly
volcanoes occur at convergent and divergent plate boundaries and also in intraplate settings 
convergent plate boundaries that involve subduction of oceanic crust are sites where explosive volcanoes of pacific ring of fire form. Water from subducted plate triggers melting in the adjacent mantle. The magma ineracts with the lower crust of the overlying plate and during the ascent results in the formation of a volcanic arc at the surface 
at divergent plates decompression melting generates magama. As warm rock rises it begins to melt without the addition of heat. This result is a rift valley in continents and a mid ocean ridge if the crust is oceanic. 
At intraplate the source of magma is a mantle plume: column of warm rising solid rock in the mantle. 

5.10
monitoring volcanic activity 
volcanoes give off physical signals which volcanologists monitor for signs that a volcano is about to erupt 
volcano monitoring includes
observing changes in shape of volcano
earthquakes beneath volcanic surface can signal magma mocement 
the composition and quantity of its gas output and temperature are also signals 
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7.1 The importance of sedimentary rocks
igneous and metamorphic rocks make up most of the crust by volume
sediment/sedimentary rocks are concentrated near the surface
sediment and rocks layers give an idea of the past and the processes that formed the earth. 
Sedimentary rocks contain fossils that show evolution of life over time 
Coal, oil, uranium and major ores are some of the geologic resources only found in sedimentary rocks.
Organic sedimentary rock coal is important geologic resource 

7.2 Origins of Sedimentary Rock
3 categories of sedimentary rocks: 
detrital: solid deposits of minerals caused by mechanical/chemical processes
chemical: soluble materials produced largely by chemical weathering, ions in solutions form together 
organic: carbon rich remains of organisms that become sediments and come together to form this 
sediments are raw material which make up sedimentary rock 
sediments are produced from weathering of preexisting rocks 
solid particles of many sizes + ions that are chemical residues=sediments. 
When sediments become rocks this is called lithification
sediments travel by air/water to new sites where they are compacted/cemented to form rocks 

7.3 Detrital Sedimentary Rocks 
fissility: how well something can split into thin layers 
shale is fissile
mudstone is when rocks breaks into chunks or blocks 
siltstone is for silt size particles that have less clay material than shale and mudstone
sorting: refers to the degree of similarity in particle size in a sedimentary rock, ex. If all are same size then called well sorted
this type of sediment rock is made of solid particles 
quartz grains and microscopic clay minerals mostly
feldspars and micas are also added to some-short time in chemical weathering environment 
they were physically weather, transported a short distance and deposited with minimal decomposition 
size of sedimentary grains makes this classification. 
Bigger particles indicate powerful transporting currents 
Finer grains indicate that the current was weak
Grain size is a clue about how energetic env. Of deposition was for a detrital sedimentary rock
Shale is made of small grains of mostly mineral clay. Accumulates in low energy depositional environments like the deep sea/lake bottoms/floodplains. It is fissile due to alignment of clay flakes parallel to belling. Contains organic material that accumulates in low oxygen environments. Is black
Sandstone dominated by sand size grains. Exhibit different degrees of sorting. Sorting is reflection of how abrupt/gradually sand was deposited as water/wind slowed. Rounding of individual grains is another important feature. Round grains have been transported further, angular shorter. Composition also varies in type of sandstone, unstable minerals show that not much chemical weathering occurred (ex. Feldspar). Greater proportion of quartz-more it was chemically weathered. 3 main varieties
Quartz sandstone
Arkose
Greywacke
Conglomerate and breccia are characterized by high proportion of gravel sized grains. If deposited by water conglomerate shows high energetic current capable of moving gravel. 
Grains in Breccia are angular, showing it was distributed by source closer to area. 
Conglomerate is made of rounded grains so that signifies a lot of travel before deposition. 

7.4 Chemical Sedimentary Rocks 
biochemical: the origin of sediments formed by organic life processes of water dwelling organisms
evaporites: when the waters of a bay become saturated and salt deposition begins, deposits are called evaporites 
salt flats: white crust on the ground when dissolved materials are precipitated
chemical sedimentary rocks are formed when ions dissolved in solution link together to form interal crystals 
this can happen inorganically or when organisms biochemically extract ions to precipitate mineral matter ex. Bone or shell
limestone is most common sedimentary rock. 
Forms mainly in shallow warm ocean settings
Dominated by calcium carbonate 
This is material which corals construct reefs from 
Coquina and chalk are also ex. Of biochemical limestone 
Travertine and oolitic limestone are ex. Of inorganic limestone
Dolostone of a chemical sedimentary rock 
Carbonate mineral 
Half of calcium ions replaced by magnesium
Chert is general term for rocks made of microcrystalline silica. 
If chert is red=jasper
Black=flint
Agate=multicolored 
When silica replaces plant matter to make prtrified wood-many colors are present 
Evaporate deposits form when minerals precipitate from ever more concentrated solution of dissolved ions. Salt flats are formed this way. Rock salt=gypsum. And potassium salt=sylvite
Carbonate reefs!!! 
7.5  Coal: an organic sedimentary rock
coal forms from burial of lots of plant matter in low oxygen depositional environments 
ex. Swamps and bogs 
through compression-peat is compressed to low grade coal(lignite)
lignite can be compressed further-this drives out volatile components and concentrates carbon to make it higher grade(bituminous coal) 
metamorphism accompanying mountain building can take this conc. Even further and produce highest grade of coal (anthracite) 
7.6 Turning Sediment into Sedimentary Rock: diagenesis and lithification
diagenesis: when sediments are buried in relatively shallow depths (upper few km of crust) processes occur that are called this
lithification: transformation of sediment into sedimentary rock, 2 main processes: 
compaction: a reduction in pore space by packing grains more tightly together
cementation: a reduction in pore spare by adding new mineral material that acts like glue and binds grains to each other
7.7 Classification of Sedimentary Rocks
clastic: rocks with discrete fragments and particles that are cemented together and compacted. Openings between minerals are never closed completely or rarely. All detrital rocks have a clastic texture. Some chemical sedimentary rocks have this texture, ex. Coquina-limestone composed of shell fragments. 
Nonclastic: usually have crystalline structure. Minerals crystals grow into each other and are binded tightly ex. Halite. Similar to igneous rocks but have dif. Compositions obvi.
crystalline: texture common to nonclastic sedimentary rocks and igneous rocks and is apparent under magnification. 
sedimentary rocks primarily classificed on whether detrital, chemical or organic. 
Detrital is subdivided into grain size.
Chemical rocks are subdivided by composition 
Another feature is whther they are clastic or nonclasitc (crystalline) texture. Minerals have a pattern of interlocking crystals. 
7.8 Sedimentary Rocks represent past environments
environment of deposition: continental/marina/transitional (shoreline) 
facies: lateral equivalents that represent different depositional conditions operating in adjacent areas at same tiem. Beach may be depositing sand today while a km offshore only mud is deposited and further only carbonate minerals-all of same age, but represent neighboring areas with dif. Conditions.
dif. Combos of tectonic, climatic and biological conditions result in dif. Types of sediment accumulating 
principle of uniformity suggests that the sedimentary record can be interpretated in light of depositional environments seen today
continental, marine and transitional (shoreline) environments have distinctive characteristics that allow geologists to identify sedimentary rocks formed there 
7.9 Sedimentary Structures
strata (beds): sheets of sediment deposited in a more or less continuous layer. 
bedding planes : relatively flat surfaces along which rocks tend to separate or break. 
cross bedding : sometimes preserved within bedding planes, which helps geologists interpret direction of depositional current 
graded beds : indicate depositional currents that quickly lost energy. Larger grains settle out first and smallest last. 
ripple marks : small waves developing on surface of a sediment layer by action of moving water or wind. 
mud cracks : when mud contracts upon drying out and indicate sediment was exposed to air. 
fossils : remains or traces of ancient organisms. Allow geologists to read past environmental conditions from sedimentary rock. 
sedimentary structures are patters forming in sedimentary rock at time of deposition before lithification.
Clues to conditions when sediments deposited
7.10 The Carbon Cycle and Sedimentary Rocks 
carbo is vital component of atmosphere, biosphere, geosphere, hydrospherer 
co2 goes into atmosphere by
burning and decay of biomass 
weathering of carbonite rock 
volcanic activity 
respiration by land organisms 
burning of fossil fuels 
photosynthesis and respiration of marine organisms 
co2 enters biosphere by 
photosynthesis by vegetation 
co2 enters geosphere by
weathering of granite 
co2 enters hydrosphere by 
burial of biomass 
photosynthesis and respiration of marine organisms 
deposition of carbonate sediments 
co2 dissolves in sea water 
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8.1 What is metamorphism 
parent rock: every metamorphic rock has one. The rock it is prior to metamorphism. 
metamorphism: when parent rock is subject to extreme pressure and heat new minerals form. Tend to produce larger crystals and layers of crystals allligned in common direction. Usually does not involve melting
mineralogy: mineral consitutuents of a rock 
metamorphic grade: degree to which parent rock changes during metamorphism (high destroys texture and fossils but low looks like parent rock)
when rocks are subject to high temp and pressure they can react and change form to produce metamorphic rock
metamorphic grade describes degree of metamorphism. Low grade metamorphic rock resembles parent. High grade destroys texture of parent rocks and features such as fossils 
8.2 What drives metamorphism?
Recrystallization: the formation of new mineral grains that tend to be larger than the original grains. During process mineralogy may or may not change.
Confining pressure: is analogous to water pressure, where force is applied equally in all directions . deeper you go greater the pressure in general.
Differential stress: differential stresses are pressures greater in one direction than in others
Compressional stress: differential stress that squeezes a rock mass as if it were placed in a vise is termed this. Shortened in direction of greatest stress in lengthened in direction of less stress.
Heat, pressure, directinonal stress and chemically active fluids are four agents that drive metamorphic reactions. One alone can trigger but all four can exert influence at same time to
The burial of rock or intrusion of nearby magma body add heat to rock
Heat provides energy that drives chemical reactions and recrystallization. 
Diff. minerals have diff. levels of susceptibility to recrystallize
Some crystals grow large
Some react and form new minerals
Quartz is stable at wide range
Clay minerals only stable at low temp
Confining pressure results from burial
Pressure is same magnitude in every direction 
An increase in confining pressure causes rocks and minerals to compact into more dense configurations 
Differential stress results from tectonic forces 
Pressure is greater in some directions and less in others 
Ruocks subject to this stress deep in crust shorten in direction of greatest stress and elongate in least stress-produce flat/long grains 
If this is applied to rock in shallow crust it deforms and breaks into smaller pieces 
Water is important chemically active fluid in earths crust 
Hot water facilitates numerous chemical reactions and can transport dissolved mineral matter great distances
This may alter composition of metamorphosing rock by introducing/removing atoms 
8.3 Metamorphic Textures
texture: size shape and arrangement of mineral grains in a rock
foliation: planar arrangement of mineral grains. Forms perpendicular to direction of max. differential stress. 
Rotation of stiff mineral grains
Recrystallization
Growth of new mineral grains 
Flattening of grains by solid state flow or pressure solution
rock cleavage: same as staty, type of foliation. Develops in various metamorphic rocks but displayed in slates that exhibit excellent splitting property called slaty cleavage
slaty cleavage: a type of foliation. Excellent splitting property observed in rock cleavage 
schistostiy: type of foliation. At high temp and pressure minute mica and chlorite flakes in slate begin to recrystallize into larger muscovite and biotite crystals. When these are large enough to be discernible with unaided eye they exhibit planar layered structures called schistosity. Schist is rocks that have this foliation. 
gneissic banding texture : type of foliation. When minerals have separated giving rock a banded appearance. During high grade metamorphism, ion migration results in this segregation of minerals.
nonfoliated metamorphic rocks: recrystallize under confining pressure so the mineral grains exhibit a random orientation. Marble for ex. Produced when calcite in parent limestone grows into a crystalling mass
porphyroblastic texture : large crystals of certain minerals such as garnet that form in some metamorphic rocks. They are larger than other grains in the same rock and are distributed through rock with some space. (chocolate chips in a cookie) 
texture reveals orientation of stresses helped to form metamorphic rock
common texture is metamorphic foliation
8.4 Common metamorphic Rocks
common foliated metamorphic rocks include
slate 
phyllite
schist
gneiss 
this order is increasing metamorphic grade. 
Least to most
Common nonfoliated metamorphic rocks include
Quartzite
Marble
Hornfels 
Recrystallized rocks that form from:
Quartz sandstone
Limestone
Shale 

8.5 Metamorphic Environments 
Contact/thermal metamorphism: occurs when heat is the dominant metamorphic variable. This heat amanates from nearby body of magma that bakes surrounding rock short distance away
These altered rocks occur in  a zone called the metamorphic aureole.
Hydrothermal metamorphism: occurs in relatively limited areas, water rather than conduction is agent of heat transfer. Hot water dissolves variety of ions-causing metamorphic reactions. Produces metal ore that is economically important 
Subduction zone metamorphism: rocks are buried under km of overlying rock with pressure and high temp. similar to burial but has added influence of a differential stress.
Burial metamorphism occurs when rocks are buried under km of overlying rock. Under confining pressure, high temp. metamorphic reactions occur. 
Regional metamorphism: at areas of plate collision. Rocks at these sites of crustal thickening are subjected to high temp and differential pressure. The resulting belts of metamorphic rock and igneous intrustions mark zones where continents produce mountains. Long after mountain wear away the site is marked by deformd zone of regional metamorphic rocks like… 
Slate
Schist
Marble
Gneiss
Metamorphism also associated with faults and meteorite impact structures 
Impact (shock) metamorphism: metamorphism occurring when meteorite impact structures. Causes rocks to deform  
The chemical reactions and physical reorganization of mineral crystals, metamorphism, is triggered by diverse geologic situations 
Convergent/divergent plate boundaries are sites of metamorphism
Deep stacks of sediments on passive margins are also sites of metamorphism 
8.6 Metamorphic zones
index mineral: where certain minerals are indicators of certain metamorphic environments 
migmatite: rocks exhibiting evidence of partial melting with clots/bands of light colored granite and mixed dark clots of unmelted metamorphic rock.
rocks change due to metamorphism, and amount of change increases as rocks are exposed to higher temp and pressure. 
Grain size increases with higher levels of metamorphism
Under high temp and pressure shale may transform to slate, then phyllite, then schist and then gneiss. 
Certain minerals act as indicatos of temp/pressure conditions that metamorphic rock experienced. 
Chlorite = mineral associated with low grade metamorphism
Sillimanite indicates a high metamorphic grade 
Garnet and staurolite are index minerals for intermediate metamorphic grades
At high temps minerals with lowest melting points can turn to magma. 
These minerals are usually felsic in composition. Rocks that exhibit evidence of partial melting show clots/bands of light colored granite mixed with dark clots of unmelted metamorphic rock.
This is called migmatite 
8.7 Interpreting metamorphic environments 
metamorphic facies : rocks/minerals formed in similar metamorphic environments 
similar metamorphic conditions 
encourage growth of suits of metamorphic minerals 
assemblace is evidence of specific temp/pressure confitions of rock
blueschist and eclogite facies is typical of subduction zones
pressure is dominant driver of change 
zeolite-greenschist-amphibolite-granulite is typical of mountain building activity at convergent plate boundaries
regional metamorphism results in dacies grading into one another across trend of a mountain belt 
hornfel facies is typical of metamorphic rocks that are baked at high temp. and low p
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9.1 Creating a time scale-relative dating principles
numerical date: dates specifying the actual number of years that have passed. Understanding of radioactivity allows this to be accurately determined 
relative date: shows events age in contrast to other ages
principle of superposition: each bed is older than the one above it
principle of original horizontality: beds are originally horizontally linear, if they are not they have been moved by crustal disturbances usually after desposition
principle of lateral continuity: sedimentary beds originate as continuous layers that extend in all directions until they grade into dif. Types of sediments or until they thiin out edge. If it is not continuous it is evidence of erosion.
principle of cross cutting relationships : geologic features that cut across rocks must form after the rocks they cut through. Usually seen in faults through crust/rock 
inclusion : are fragments of one rock unit that have been enclosed within another. The rock mass containing the inclusion must be older than the inclusion for it to have been incorporated.
comformable : layers of rock that were deposited without interruption 
uncomformity: a long period during which deposition ceased, erosion removed previously formed rocks and then deposition resumed. Uplift and erosion followed by subsidence and renewed sedimentation. 
angular unconformity: consisting of tilted or folded sedimentary rocks that are overlain by younger more flat lyring strata. 
Xenoliths-inclusions
Disconformity: a gap in the rock record that represents a period durin which erosion rather than deposition is occurring.
Nonconformity: younger sedimentary strata overly older metamorphic or intrusive igneous rocks. Period of uplift and erosion exposed the deep rocks at surface . 
great contribution of geology: scientific interpretation of what has happened in the distant past
sequence of geologic events if written in determining how old rocks and structures are relative to one another. Their age can be determined numerically as well
five principles guide relative dating
stack of sedimentary volcanic layers that accumulate on earths surface. Oldest will be bottom and most recent on top 
these layers are originally deposited in more or less horizontal sheets, so non horizontal sheets suggests non horizontal orientation. They were tilted since deposition
when sheets were deposited they were continuous, but with erosion they can be dissected. Original layer becomes increasingly isolated over time
principle of cross cutting relationships suggests a geologic structure that cuts across or through rock must be younger. Before something can be cut it has to exist! 
The principle of relative dating by inclusions, rock must first exist before a piece could be broken off and included inside another
Unconformities: gap in geologic record generated by time going by without deposition of strata or by erosion of old deposits. This is important for true depths of geologic time.
9.2 Fossils: Evidence of Past Life
fossil: remains or traces of ancient life. 
Paleontology: branch of geology that studies fossils
Fossils can form through many different processes. For an organism to be preserved as fossil..
Must be buried rapidly 
Hard skeletal materials are more likely to be preserved-soft tissue decays rapidly 
Types of fossils:
Permineralization
Molds and casts
Carbonization and impressions 
Amber 
Trace fossils 
Tracks
Burrows
Coproplites
Gastroliths 
Conditions favoring fossilization: 
Bones buried in sediment 
Hard parts are better preserved 
9.3 Correlation of Rock Layers
correlation: matching up different exposures of rock representing same age of formation
principle of fossil succession: sequence of diff. index fossils is sixth principle of relative dating. This states that fossil organisms succeed one another in a definite order. If you identify the fossil content of a particular rock you can deduce its age.
index fossil: particularly useful fossils because they provide a rapid index to the age of the strata in which they are found
fossil assemblage: the overlapping of fossils in an assemblage is used to establish an age for a particular rock unit that contains multiple fossil organisms
most rocks don’t exist isolated
fossils may also be used to establish ancient environmental conditions that existed at the time of sedimentary deposition 
9.4 Dating with Radioactivity
radioactivity: in some isotopes the nuclei are unstable because forces binding protons/neutrons are not strong enough. As a result they break apart/decay. This is called radio activity. 
radiometric dating: radioactivity provides a reliable means of calculating ages of rocks and minerals containing radioactive isotopes. Radiometric dating is useful because each isotope decays at a fixed rate from when it is formed and the products of decay are formed at a similar rate
half-life: common way of expressing radioactive disintegration. Parent atoms remaining is proportional to daughter atoms accumulating
radiocarbon dating: C14 the radioactive isotope of carbon is used  because the half life is shorter than most. It can be used to date events as far back as 70000 years. 
radioactive decay:
alpha particles(2p 2n) emmited from the nucleus. Means mass number is reduced by 4 and atomic by 2
beta particles(an electron) given off from a nucleus. Mass number is same but atomic number decreases because nucleus has one extra proton than before 
sometimes an electron is captured by nucleus. This combines with proton and forms neutron. So atomic number decreases by one as one proton is missing
how radioactive isotopes are used to determine numerical dates: halfs life help determine numerical dates as they are at set rates from set dates of formation. Must be very precise to be correct
radiocarbon dating utilized decay of carbon 14 in organic matter as a basis for dating relatively new material that was once alive such as wood or charcoal. Because half life of carbon 14 is relatively short its good for calculations. 
Only certain minerals take parent isotopes into their crystal structure but exclude daughter isotopes 
Only rocks containing few critical minerals are suitable for radiometric dating.
9.5 The Geologic Time Scale
geologic time scale: whole of geologic history
eon: greatest expanse of time
Phanerozoic : eon with Cenozoic, Mesozoic and Paleozoic as its eras. Has overwhelming fossil evidence 
Era: eons are divided into eras
Paleozoic: era in Phanerozoic eon
Mesozoic: era in Phanerozoic eon
Cenozoic: era in Phanerozoic eon
Period: subdivision of eras
Epoch: subdivision of periods
Archaean: an eon in Precambrian times
Proterozoic: an eon in Precambrian times
Precambrian: a time period that is vast and represents 88% of earths history 
Geologic history is subdivided into units of time 
Eons subdivided to eras
Eras subdivided to periods 
Periods subdivided to epochs 
Precambrian time includes archaean and Proterozoic eons
Followed by Phanerozoic eon (fossil evidence) 
Geologic time scale is work in progress.
9.6 Determining numerical dates for sedimentary data
sedimentary strata are not capable of being directly dated 
because they form products produced from weathering of other rocks
a grain of sand in sandstone comes from older rock-isotope dating gives original source not age of sedimentary deposit
the principles of relative dating combine with techniques of numerical dating. They provide precise age constraints on sedimentary strata
mac and min ages based on superposition and cross cutting help bracket ages of formations and fossils.

Chapter 11 January 27th 2014
11.1 What is an earthquake 
earthquake: ground shaking caused by the sudden and rapid movement of one block of rock slipping past another along fractures in earths crust (faults)
fault: fractures in earths crust 
hypocenter (focus): location where rock slippage begins. Earthquake waves radiate from this spot 
epicenter: the point on earths crust directly above the hypocenter 
seismic wave: huge amounts of stored up energy that large earthquakes release 
elastic rebound: springing back because rock behaves elastically. This is because slippage allows deformed rock to snap back to the original stress free shape. This snapping back causes a series of radiated earthquake waves
aftershock: following strong earthquakes, a series of earthquakes of smaller magnitude. This is the result of crust along the fault surface adjusting to the displacement cause by the main shock. They gradually diminish in frequency and intensity over a period (months). 
foreshock: they sometimes happen but not always, preceding major earthquakes. This can  help predict forthcoming earthquakes but is not always effective. 
Earthquakes are caused by sudden movement of blocks of rocks on opposite sides of faults 
Spot where earth begins to slip is hypocenter 
Seismic waves radiate from this spot
Point directly above is epicenter 
Elastic rebound explains why most earthquakes happen: 
Rock stressed by movement of earths crust 
Frictional resistance keeps fault locked in place 
Rock bends elastically
Stress builds up to be rgreather than resistance 
Blocks of rock suddenly slip – release pent up energy 
This is seismic waves 
Rocks will return to original shape (elastic rebound) and blocks of rock on either side of fault return to shape in new position
11.2 Faults and earthquakes
 megathrust fault: plate boundary between a subducting slap of oceanic lithosphere and the overlying plate is called this. These large thrust faults are under ocean floor and the vertical motion can displace the overlying water. This causes major tsunamis 
fault creep: slow gradual displacement, this occurs without accumulation or significant strain. This produces little seismic shaking but if rocks slip causes small to moderate earthquake. 
Ex san andreas fault
fault slip: amount of displacement on fault surface. Typically no more than a few meters. This causes moderate earthquakes result from slippage along relatively small faults or small segments of large faults. 
Faults associated with plate boundaries are source of most earthquakes 
Where movemtn of crustal blocks generates most differential stress 
Normal faults don’t have generally large earthquakes 
Subduction zones are marked by megathrust faults, large reserve fuls responsible for largest earthquakes in history 
Capable of generating tsunamis when under seafloor 
Strike-slip faults are also important earthquake makers. 
San andreas fault in California is ex of large strike slip fault 
Portions generate destructive earthquakes and others move slowly by fault creeps. 
Do not produce significant earthquakes because they do not accumulate sufficient strain 
The amount of displacement of rock on one side of a fault relative to other is called fault slip. 
11.3 
seismology: study of seismic waves
seismograph: instrument used to measure the waves using principle of inertia 
inertia: used to measure seismology using a seismograph, while body of machine moves with waves a weight in the center keeps a pen (electronic sensor) stationary and records the relative difference between the two
seismogram : produced from the seismograph to measure seismology. This reveals that there are 3 main categories of earthquake waves:
p waves
s waves
surface waves
surface waves: travel along uppr surface of the lithosphere- slowest, greatest amplitude
body waves 
p(primary) waves: body wave capable of moving through earths interior-fastest, least amplitude . show compressional motion, change in volume of rock as they pass through it, can travel through liquid – liquids can be compressed but not sheared 
s(secondary) waves: body wave capable of moving through earths interior –intermediate , intermediate amplitude, impart a shaking motion to rock as they pass through it , changes shape of rock but does not alter its volume , cannot travel through liquid 
large amplitude waves are responsible for producing most shaking, so surface waves produce most damage during earthquakes 
11.4 Determining the size of earthquakes
intensity: a measure of earthquake strength, measures amount of ground shaking a place experiences fue to an earthquake 
magnitude : measure of earthquake strength, that estimates actual amount of energy released during the earthquake 
modified mercalli intensity scale : a tool for measuring an earthquakes intensity at different locations. Based on 12 point scale, hard to measure intensity without buildings/people present at location
richter scale: measures earthquake magnitude. Scale takes into account both max amplitude of seismic waves measured at a given seismograph and the distance of the seismograph from the hypocenter. Logarithmic, each numerical unit on the scale represents seismic wave amplitudes 10x stronger those the next number down. Larger amplitude = more energy , each unit represents about 32 times magnitude of unit before it. 
Isn’t good at distinguishing large earthquakes, so another scale is…
moment magnitude : measures the total energy released from earthquake. Considers strength of faulted rock, amount of slip and area of fault that slipped. Modern standard for measuring the size of earthquakes
11.5 Earthquake Destruction 
liquefaction: transforming somewhat stable soil into its mobile material capable of rising to earths surface. Can destroy surfaces on top of and in land.
Tsunami: major undersea earthquakes set in motion series of large ocean waves. Usually generated by displacement along a megathrust fault that suddenly lifts large slab of seafloor. 
Several factors influence how much destruction results from earthquake 
Magnitude and distance
Intensity of shaking 
How long shaking persists 
Ground underlying buildings 
Building construction standards 
Unreinforced masonry more likely to collapse
Buildings can be constructed on
Solid bedrock : better in earthquake 
Deposits of loose sediment : hazard-loose sediments will amplify seismic shaking
With water logged sediments/soil 
Shaken at certain frequencies=material flows like liquid 
This is liquifecation
Can cause sand volcanoes 
Buildings can sink 
Quicksand!!! 
Seiche
Sloshing motion of water in an enclosed basin-ex lake
Dangerous for boats but also when waves overtop dams
Eathquakes trigger landslides/ground subsidence-may break gas lines=fires
Tsunamis are large ocean waves that form when water is displaced
Usually where megathrust fault ruptures on sea floor
Tsunamis get so tall in shallow water because it slows down and piles up 
11.6 Earthquake Belts and Plate Boundaries
most earthquake energy is released in curcum pacific belt
 ring of megathrust faults rimming pacific
alpine-himalayan belt 
indian Australian
African continent plates 
Earths divergent oceanic ridge system produces another belt of earthquakes where sea floor spreading occurs. Strike-slip faults in continental crust including san andreas fault 
11.7 Earthquakes predictable? 
Seismic gap: 
Successful earthquake prediction has been an elusive goal of seismology for years 
Shorter range predictions (hours/days) are based on precursor events:
Ground elevations
Variations in strain levels near faults 
Not reliable
Long range forecasts (30-100 years) 
Statistical estimate of likelihood of earthquake of given magnitude to occur 
Useful because can guide building codes and infrastructure development 
Identical seismic gaps
Portions of faults that have stored strain for a long time without release
Knowing location of seismic gaps can help in preparation of long range forecasts 
Another tool 
Paleoseismology, study of ancient earthquakes 
Because earthquakes are cyclic 
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12.1 Earths Internal Structure
mineral phase change : negative ions have more electrons than protons and tend to be fluffier than positive ions. Negative ions compress more easily. As ratios change (ions are squeezed under pressure, negative compressing first) the structure becomes unstable and atoms rearrange to a more stable and dense structure. This is mineral phase change
density does not only occur between layers but within because material compress when they are squeezed. Density increases in mantle as you go closer towards center of earth because of the intense pressure. 
the layered internal structure of earth developed due to gravitational sorting of earths materials. 
The densest material sunk to center and least dense is on exterior
Within layers like the mantle, atoms in a mineral can rearrange into a compact crystal structure 
With pressure changes same quantities of minerals are packed into smaller volumes – result is increased density 
Ex. Olivine undergoes phase change to become more compact mineral at depth of 400 km
12.2 Probing earths interior 
reflection: bounding that is a change in the direction of the wave away from the new layer it encounters
refraction: wave continues into new layer it encounters but bends changing its path to a different prejectory
seismic waves allow geoscientists to look into earths interior which would otherwise be invisible to scientific investigation.
Seismic waves travel rapidly through stiff elastic minerals, so when p or s waves cross a mineral phase change at depth seismographs detect the increased velocity. Seismic waves follow curved paths through earths interior
Deeper part of wave travels faster than shallow 
S waves cannot be transmitted through molten lava but p waves can so they slow down in molten material
When seismic waves encounter a different layer they can be reflected or refracted
12.3 Earths layers 
Crust: consists of 2 types, continental and oceanic. Very different comps, histories and ages. Oceanic crust is more similar to mantle than continental
Moho: Base of crust is the mohorovicic discontinuity-moho. Discovered because seismic waves travel faster below the moho (mantle) than they do above it (the crust). Moho is 25-70 km below continents, its about 7km below oceanic lithosphere. 
Mantle:more than 82% of earths crust volume. Extends from base of crust (moho) to liquid outer core. S waves readily travel through it so we know its rocky but quite hot and capable of flow.
Upper mantle: 3.3g/cm^3 division of earths mantle. Includes the lithospheric mantle and the weak asthenosphere beneath it. There is a transition zone at the bottom of the upper mantle. 
Lithospheric mantle : crust and about 200km under it
Asthenosphere : under lithospheric mantle, weak
Transition zone : bottom of lower mantle 
Lower mantle : under neath the upper mantle with d layer at base 
D layer : at base of lower mantle. Seismic velocities slow dramatically in this layer so it may be molten. This could be where subducted mantle slabs go before being recycled as mantle plumes
Shadow zone : seismic shadow caused by earthquake showing size of core because of size of shadow zone
Outer core liquid state
Core center of earth, 1/6 of earth, iron is 1/3 of this, liquid outer and solid center
Inner core solid
Earth has two distinct types of crust
Oceanic : thinner, denser and more iron and magnesium rich. Younger than continental crust as it readily subducts while continents don’t 
Continental : thicker, less dense and less iron/magnesium. Older than oceanic crust because doesn’t subduct 
When an earthquake occurs earths core casts a seismic shadow on the side of the planet opposite the quake. The size of this shadow zone reveals the size of the core, about 1/6 the volume of earth. 
The core is probably composed of iron nickel and lighter elements as iron and nickel are common heavy elements in meteorites. The outer core is dense and liquid as s waves cannot pass through it, the inner core is solid and extremely dense, spinning faster than the rest of the planet and is solid iron. 
12.4 Earths Temperature
convection: movement of heat where hot materials replace cold due to difference in densities. Most important mechanism of heat transfer in earths interior. Large masses of warm material rise in a viscous fashion and convection occurs in the liquid outer core conducting heat to the mantle which convects it carrying heat to the base of the lithosphere which reaches earths surface-radiating into space
viscosity: resistance to flow
mantle plume : warm buyant rocks acting as upward flowing arms in convection cycle 
conduction: movement of heat flow through a body
geothermal gradient : earths temperature versus depth. Temperature increases relative to depth in both lithosphere and D layer rapidly and gradually in all other layers
heat flows from earths interior outward towards the surface 
heat flow through the crust is higher in places where the crust is thin and where magma is close to the surface 
2 main sources of heat in earths interior
residual kinetic energy left over from amalgamation of the planet during the formation of the solar system 
radio activity in long lived isotopes 
12.5 Earths 3d structure 
geodynamo
earth exhibits vertical and horizontal differences. The composition of mantle and core as well as thickness vary from place to place, likewise in the crust. 
Gravity anomalies occur where rock is more dense (because it is cold) and less dense(because it is warm)
Seismic tomography is a technique for imaging earths interior on the basis of whether seismic waves speed up/slow down as they pass through it. These changes can be interpreted in terms of temperature differences. Slower waves=warm rock, if this rises its probably due to convection
Convection of the liquid outer core generates a magnetic field that is larger than the entire planet
The magnetic field that results from this self-sustaining geodynamo changes in both the (1) position and (2) orientation of its poles over time
Connection between deep earth processes and surface
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