Chapter 1:


Physical Geography: 
	Examines the materials composing Earth to gain an understanding of the many processes that operate both on and beneath its surface.

Outcrop: 
	Where bedrock is exposed at the surface.

Geology History:

· Catastrophism: mid 17th century James Ussher believed Earth’s landscapes had been shaped by unknown catastrophes and disasters that no longer operate. 
· Uniformitarianism: Modern Geology begun when James Hutton put forth a principle that states “the physical, chemical, and biological laws that operate today have also operated in the geologic past.

Geologic Time:

· Hutton knew the Earth was very old
· Before the discovery of radioactivity (which was in 1896), it was difficult to determine the age of Earth.
· Relative dating: Events are placed in proper sequence or order without knowing their age.
· Law of Superposition: Younger rocks are deposited over older rock layers.
· Principle of Fossil Succession: Fossil organisms succeed each other in a determinable order and therefore any time span can be recognized by its fossil content.
· The magnitude of geologic time: 
· Earth is 4.6 billion years old
· Magnitude of geologic time is important because many processes are very gradual 
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· Big Bang model: large explosion from a singularity (no matter), space expanded quickly, matter formed
· Nebular hypothesis: bodies in solar system evolved from a rotating cloud called a solar nebula
· Protosun and Protoplanets: formed from a contracting slowly spiraling nebula

Formation of Earth’s Layered Structure:
·  Early chemical segregation gravity
· Core: Inner layer which is dense and iron riched
· Crust: Outer layer which is solid and thin
· Mantle: Largest layer between core and crust composed of iron, magnesium and oxygen seeking elements 

Plate Tectonics: A geologic paradigm
· Continental drift: Alfred Wegener (1915) proposed continents moved on earths surface
· Plate Tectonics: Current understanding of how continents move 


Continental Drift
· Fit of Continents: jigsaw puzzle
· Fossil Evidence: same fossils on separated continents
· Rock type and Structural Similarities: rocks on one continents that match another
· Paleo- climate evidence: evidence for ancient glacial ice explained by a super continent

Plate Tectonics:
· Lithosphere is broken up into plates
· SEVEN major plates
· Lithospheric plates more relative to one another at very slow rates
· Movement driven by convection in mantle
· Averages about 5cm/year

Plate Boundaries:
· Divergent boundary
· Two plates move apart
· Upwelling of material from the mantle to create a new seafloor
· Occurs mainly at mid ocean ridges 
· Can occur under continents rift valley
· East African is an example 
· Convergent boundaries
· Two plates move towards each other
· Continental: two continental plates collide
· Oceanic: oceanic crust descends into mantle (subduction zone)
· The oceanic or more denser one goes down first 

Chapter 2:

Minerals: The Building Blocks of Rocks 

Definition of a mineral:
· Naturally occurring (no cheap synthic materials)
· Inorganic
· Solid
· Ordered internal molecular structure (in a pattern)
· Definite chemical composition (needs to be definable)

Definition of a rock:
	A solid mass of minerals. (a cluster of multiple minerals)


Elements:
	Basic building blocks of minerals (118 are known; 98 are naturally occurring)


Atoms:
Nucleus and electron(s)
Atomic Structure
· Nucleus:
Central region of an atom. Protons (+) Neutrons (o)

Atomic Structure
· Atomic number: number of protons
· Atomic weight: approx. total number of protons and neutrons
· Valence electrons: outer most electrons in the shell

Bonding: 
· Chemical bonds: strong attractive force
· Ionic bonds: one atom (mostly) gives up electrons, another receives them 
· Covalent bond: bonds that share electrons

The Structure OF Minerals:
· Mineral: atoms ordered, bonded, crystalline structure
· Polymorph: some elements form >1 geometric arrangement, chemical composition stays the same. Physical properties differ. Example: diamond and graphite.

Physical Properties of Minerals:
· Crystal habit (shape): external expression of the orderly internal arrangement of atoms; crystal growth Is often interr
· 
· upted because of competition for space and rapid heat loss.
· Lustre: appearance of a mineral in reflected light. 2 categories: metallic and non-metallic. Others: vitreous, silky, or earthy to further describe non-metallic lustre
· Colour: can be obvious, impurities can produce strong colour variations. Examples: Quarts- clear, white, rose, smoky, purple, etc.
· Streak: colour of a mineral in its powered form, when rubbed on an unglazed porcelain tile (streak plate)
· Hardness: resistance to abrasion of scratching. Compared of Mohs scale of hardness.
· Cleavage: tendency to break along planes of weak bonding, revels info on the internal structure. Produces flat, shiny surfaces on these surfaces of cleavage. Described as/with number of planes exhibited and angles between adjacent planes.
· Fracture: absence of cleavage when mineral is broken. Conchoidal fracture: breaks to form smooth curved surfaces like broken glass.
· Specific Gravity: ratio of the weight of a mineral to the weight of an equal volume of water. Average value is aprox 2.5-3.0
· Other properties:
· Magnetism
· Reaction to hydrochloric acid
· Malleability
· Double refraction 
· Taste
· Smell 
· Elasticity 
Minerals Classes: 
· Approx. 4660 minerals have been identified
· Rock forming minerals:
· A handful of common minerals that male up most of the rocks on earths crust
· Composed mainly of the 8 elements that make up over 98% of the continental 
· The Silicates: most common mineral group. Basic: silicon-oxygen tetrahedron. Four oxygens surrounding a much smaller silicon ion 

Common Silicate Minerals: 
· Ferromagnesian (dark) silicates: contains ions of iron and/or magnesium.
· Most common are: Olivine, Pyroxenes (most common is augite), Amphiboles (most common is hornblende), Biotite, Garnet 
· Nonferromagnesian (light) silicates: minerals containing Al, K, Ca, Na.
· Most common are: Muscovite, Feldspar, Orthoclase (K-Spar), Plagioclase, Quartz(silica), Clay (complex minerals with sheet structure) 

Important Non-Silicate Minerals: 
· Several major groups exist including: Oxides, Hydroxides, Sulphides, Sulphates, Native Elements, Halides, Carbonates, Phosphates

Gemstones:
	Used to be classified by colour but now is classified based on composition.



Chapter 3:

Igneous Rocks: 
· Form as molten rocks cools and solidifies 
· Parent material is magma
· n.b. magma at the surface is lava

Magma: The Parent Material of Igneous Rocks
Extrusive Igneous Rocks:
· Magma solidifies at the surface
· Volcanic rocks

Intrusive Igneous Rocks:
· Magma that crystallizes slowly at depth
· Plutonic rocks
· A body of plutonic rock is called a pluton

Role of Heat:
· Geothermal gradient with depth 
· Lower crust and upper mantle near melting points 
· Bulk of magma forms without additional heat
· You can begin melting if confining pressure drops or if volatiles (fluids, gases) are introduced
· Most igneous activity occurs at divergent plate boundaries

Role of Pressure:
· Pressure increases with depth 
· Melting occurs at higher T at depth due to higher confining P
· When confining P drops, decompression melting occurs 

Magma from Solid Rock
Role of Volatiles:
· Water and other volatiles (gases) cause rock to melt at lower T 
· Volatiles generate magma where oceanic lithosphere descends into the mantle
· Mafic magma rises toward the surface 
· In continents, mafic pooling melts and collects crust and forms silica rich felsic magma

Summary:
Magma can be generated by: 
1. The addition of heat
2. A decrease in P (without adding heat), causing decompression melting 
3. The introduction of volatiles, which lowers the melting T

T+P 
T+ Vol
Vol+ P

Magma
1. Liquid portion (melt), composed of mobile ions
2. Solids, if any, are silicate minerals, already crystallized from the melt 

Magma to Crystalline Rock 
Crystallization:
· Magma cools, systematic arrangement of ions into crystal structures
· Si and O link together 1st: silicate minerals 
· 1st minerals better developed crystal faces (on average)

How Magmas Evolve
Bowen’s Reaction Series:
· One volcano can have lavas with different compns
· As magma cools, minerals crystallize in a systematic fashion based on their melting points
· During crystallization, the composition of the liquid portion of magma continually changes
· Why? 
· Removal of elements via minerals 
· Silica component enriches as magma evolves
· Magmatic Differentiation: formation of one or more secondary magmas from a single parent magma
· During crystallization solid and liquid components can separate
· Result: magmatic differentiation and component separation at various stages produces different types of igneous rocks


Bowen’s Reaction Series
· Assimilation: magma composition changes from incorporation of foreign matter (surrounding rock bodies)
· Magma Mixing: occurs when one magma body intrudes another

Partial Melting and Magma Formation
	Incomplete rock melting is partial melting 

Formation of a mafic (basaltic) magma
· Most originates from partial melting of peridotite in the mantle 
· Primary magmas: mafic, originate from direct melting of mantle rock, and not yet evolved 

Formation of Andesitic and Felsic Magmas 
· Only within, or adjacent to, continental margins
· Interactions between mantle mafic magma and silica-rich crust
· Intermediate composition
· Between mafic and felsic = andesite 
· Enriched silica magmas (evolved magmas) called secondary magmas 
· Felsic magmas are higher in silica and therefore more viscous (thicker) than other magmas
· Form at lower T than mafic magmas 
· Tend to produce large plutonic structures 

Igneous Compositions 
· Composition of igneous rocks ultimately the magma from which is crystallized 
· Igneous rocks consist of primarily two main groups of silicate minerals:
· Dark silicate and Light silicate
· Dark (ferromagnesian) silicates: olivine, pyroxene, amphibole, biotite mica 
· Light (non-ferromagnesian) silicates: quartz, muscovite mica, feldspars 


Felsic vs. Mafic Compositions 
	Classified by proponents of light and dark minerals
· Felsic (granitic composition) 
· Composed of light-coloured silicates 
· Rich in silica (SiO2) = 70%
· Major constituents of continental crust 
· Mafic (basaltic composition)
· Composed of dark silicates 

Other Compositional groups:
· Intermediate rocks: andesitic composition 
· At least 25% of dark silicate materials 
· Associated with volcanic activity on continental margins 
· Ultramafic composition: peridotite 
· Rare composition that is composed entirely of ferromagnesian silicates

Silica content as an indicator of composition 
· Silica (SiO2) in crustal rocks:
· A low of 40% in ultramafic rocks 
· >70% in felsic rocks 
· Silica content influences magma behaviour 

Igneous Textures

Texture 
· Size, shape and arrangement of crystals
· Environment in which the rock was formed 
· Makes inferences about rock’s origin 

Three Factors Affecting Crystal Size
1. Rate of cooling 
a. Slow: fewer but larger crystals
b. Fast: many small crystals
c. Very Fast: glass (unordered ions) 
2. Amount of silica (SiO2) present 
3. Amount of volatiles (dissolved gases) 

Types of Igneous Textures:
· Aphanitic Texture
· Fine grained
· Rapid rate of cooling of lava or magma 
· Microscopic crystals 
· May contain vesicles (holes from gas bubbles) 

· Phaneritic texture (coarse-grained)
· Slow cooling 
· Crystals can be identified without a microscope
· Porphyritic texture (porphyry rock)
· Minerals form at different temps and rates 
· Large crystals (phenophas) embedded in a matric of smaller crystals (groundmass) 
· Glassy texture 
· Very rapid cooling of molten rock 
· Volcanic glass: obsidian 
· Pyroclastic texture (fragmental)
· Fragments ejected during a violent volcanism 
· Textures often appear similar to sedimentary rocks 
· Welded tuff: common pyroclastic rock
· Pegmatitc texture (pegmatites)
· Exceptionally coarse-grained 
· Late stage crystallization of granitic magmas 
· Common crystals of quartz, feldspar and muscovite are abnormally large 

Naming Igneous Rocks 
· Classified by texture and mineral composition 
· Textures result from different cooling histories 
· Similar compositions but different texture – different names 
· Example: granite-rhyolite 
· Felsic (granitic) rocks 
· Granite
· Phaneritic 
· Composed of about 20% quartz and about 65% or more feldspar 
· May exhibit a porphyritic texture 
· The term granite covers a wide range of mineral compositions 
· Granite countertops aren’t actually granite
· Rhyolite 
· Extrusive equivalent of granite 
· Aphanitic texture 
· May contain glass fragments and vesicles 
· Less common, less voluminous than granite 
· Obsidian 
· Dark coloured, glassy rock 
· Ions in the glass are unordered 
· Pumice 
· Volcanic rock with an open texture 
· Large amounts of gas escape through lava to form a grey mass 


· Intermediate (andesitic) rocks
· Andesite 
· Volcanic origin 
· Medium grey colour, fine grained 
· Commonly exhibits porphyritic texture 
· May resemble rhyolite, making identification more difficult without a microscope 
· Diorite 
· Plutonic equivalent of andesite 
· Coarse grained 
· Intrusive 
· Composed mainly of intermediate feldspar and amphibole: salt and pepper appearance 
· Mafic (basaltic) rocks 
· Basalt 
· Volcanic origin 
· Dark green to black in colour 
· Composed mainly of pyroxene and calcium rich plagioclase feldspar 
· Most common extrusive igneous rock 
· Gabbro
· Intrusive equivalent of basalt 
· Dark green to black in colour 
· Composed mainly of pyroxene and calcium rich plagioclase feldspar 
· Significant % if oceanic crust 
· Peridotite
· Dominates the upper mantle 
· Ultra-mafic composition 
· Primarily composed of olivine, pyroxene and Ca-rich plagioclase
· Occurs as rare silvers of mantle rock pushed to Earth’s surface 
· Pryoclastic rocks 
· Composed of fragments ejected during a volcanic eruption 
· Varieties:
· Tuff: ash sized fragments 
· Welded tuff: git ash fused together 
· Volcanic breccia = particles lager than ash 

Intrusive Igneous Bodies
· Intrusive igneous bodies
· Bodies of plutonic, igneous rock, formed at depth are called plutons
· Plutons are studied after rock has been uplifted to Earth’s surface 
· Nature of plutons
· Classified by:
· Shape (tabular or massive) 
· Orientation (discordant or concordant)
· Dykes 
· Tabular discordant bodies, produced when magma is injected into fissures 
· Thickness ranges from 1cm to 1km 
· https://goo.gl/R6KQZ5

· Sills 
· Tabular concordant plutons, formed when magma is injected along bedding surfaces 
· Horizontal skills most common 
· Laccoliths 
· Similar to sills in that they from when magma intrudes between sedimentary layers 
· Differs from sills in that the magma that form laccoliths is more viscous and collects as a blister like mass that arches the over lying strata upward 
· Batholiths 
· Largest intrusive bodies 
· Occurs in groups, extensive belts  
· Greater than 100km2 
· Stocks 
· Smaller plutons, may be portions of batholith not yet exposed 
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