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Geologic Time Scale
· Earth is 4.6 billion years old
· Moon is 30 million years younger
· 6 major species extinction occurred in earth’s life time
· Relative time
· Sequence of events based on the principle of superposition. Older is at the base and younger at the top
· Absolute time
· Based on radiometric dating (radioactive isotopes)
Earth’s Interior
Formation
· As earth solidified, gravity sorted material by density. Heavy substance slowly sunk to the center and lighter substances rose upward towards the surface
· Earth interior is sorted into concentric layers of chemical composition or temperature
· Heat energy moves from the interior surface by conduction and convection in fluid/plastic layers
The Core
· Inner Core
· Solid iron that is above melting point, but high pressure cause it to remain solid
· Outer Core
· Molten lighter density iron
· The fluid outer core generates the earth’s magnetic field and the magnetosphere that protects the earth from comic radiation
· It has been recorded that the magnetic field in the past reversed 
The Mantle
· Covers about 80% of earth’s volume
· Lower Mantle
· The denser lower mantle is composed of Fe, Mg, Si, Ca and AI
· Upper Mantle
· The lighter upper mantle is divided into:
· Upper mantle (rigid)
· Asthenosphere (plastic layer)
· Moho discontinuity
· Lithosphere (rigid)

Plate Tectonics
· 8 major plates
· Pacific plate
· North American plate
· Eurasian plate
· African plate
· South American plate
· Australia plate
· Indian plate
· Antarctic plate
Plate Spreading (Divergence)
· Occurs along mid oceanic ridges (sea floor spreading)
· A major spreading system is found in eastern Africa
Plate Collision (subduction)
· When plates spread in certain areas, they must collide and converge in others
· Continental crust has a lower density than relative to oceanic crust
· Subduction
· When oceanic plate meets a continental landmass, the lighter continental plate overrides the denser oceanic plate and pushes it downward
· Subduction zone are places of:
· Intense tectonic/volcanic activity
· Mountain range formation
· Deep oceanic trenches
The Formation and Breakup of Pangaea
The Rock Cycle
· Three main rock types:
· Igneous rocks – formed by cooling and solidification of magma; either extrusive or intrusive
· Sedimentary rocks – eroded and the deposits
· Metamorphic rocks – are subjected to heat and/or pressure
Igneous Processes
· Solidifies from molten state (magma)
· Variety of igneous rocks, both intrusive (below the surface) and extrusive (on the surface)
· Landforms: volcano and lava flows. Dike, Laccolith and Catholith are types of intrusive rocks
Sedimentary Processes
· Formation of sedimentary rocks involves lithification processes
· Cementation, compaction and hardening of sediments
Metamorphic Processes
· Increased pressure and temperature may transform igneous and sedimentary rocks into metamorphic rocks
· More compact and harder and resistant than its counter parts
Weathering
· Physical Processes 
· Dilitation, thermal stress, frost action, salt weathering, and sand weathering
· Chemical Processes
· Dissolution of carbonates forming karst topography
· Biological processes
· Roots, fungi, bacteria
· Erosion is linked to weathering – the breakdown of rock in place – but it is not the same thing. Erosion means that material is removed
Physical Weathering 
· Dilitation (unloading, exfoliation or spalling)
· When overburdened rock is moved, stress is released and cracks can occur
· Also occurs because of shrinkage (dry season) and swelling (wet season) of some clay minerals that force the layers of rocks apart (wetting and drying)
· Thermal stress
· Results from expansion and contraction of rocks where large diurnal temperature fluctuations are observed (ex. desert)
· Congelifraction or frost weathering (only where subfreezing temperatures are observed)
· Frost action (freezing/thawing) Associated volumetric increase of 9%
· Salt weathering 
· Develpoment of salt crystal in joint/pores of rocks. When mineralized water infiltrate rocks and evaporate, salts crystals can precipitate and can expand heated
Chemical Weathering
Rock type: most important influence on weathering
· It determines
· Composition or mineral content
· Texture, size and shape of the minerals or rock fragments
· Porosity
· Structure (layers, crack, etc)
· Bulk properties (thermal conductivity, strength, hardness)
Water: second most important factor
· The availability of water
· Water is the key ingredient in chemical reactions
· Water temperature
· Influences the rate at which chemical reactions take place (most reaction rates double with every 10°C increase in temperature)
· Solutes in water
· Precipitation and groundwater’s are not pure
· Dissolution of CO₂ in water forms a weak carbonic acid (reduces the pH of the water)
· When carbonic acid (H₂CO₃)comes in contact with carbonate rocks (CaCO₃), it reacts and produces calcium bicarbonate (Ca(HCO₃)₂)
Chemical Weathering
Hydrolysis-hydration
· When minerals are moistened, hydrolysis occurs, producing not only a chemical reaction, but also expansion (hydration). (i.e., addition of water to iron produces iron hydroxide)
Oxidation-reduction
· When minerals in rocks react with oxygen in the air, the chemical process is known as oxidation (i.e., iron with oxygen forms iron hydroxides and gives the reddish color of soils)
· Reduction is the opposite process; oxygen is taken out of the mineral in aerobic conditions to form ferrous iron.
Geography of Weathering 
· More intense physic-chemical weathering in lower latitudes with higher heat, rainfall, and humidity
· Frost action only found in higher latitudes where sub-freezing temperatures are encountered 
The Weathering Zone
· Weathering zone is weathered material lying above unweathered fresh rock.
· The junction between the two is called the weathering front
· The depth of weathering zone and depth of weathering front depend on the joint pattern of the rock
· If the joints are closely spaced, more chemical weathering and decomposition can occur; weathering zone is deeper
· Shallow weathering  zone (mm too cm deep) are characteristic of hot and cold arid environment and formerly glaciated regions of temperate zone
· Deep weathering zone (very deep; >20m) are found in humid tropical zone and in unglaciated temperature region of temperature zone
The Study of Weathering Rates
· Developing rates through field observation
· Using buildings, statues (known age of construction) that have been weathered
· Collect samples from the field that have been exposed to different scenarios (i.e., weathering rind)
Erosion
· Erosion is linked to weathering - the breakdown of  rock in place - but it is not the same thing. Erosion means that material is removed.
· Erosion occurs in all landscapes (glacial, periglacial, ﬂuvial, coastal, karst, aeolian, etc.)
· Examples of erosion:
· Hills and valleys at the macro-scale, and even the basins of the Great Lakes
· Polished surfaces, striations at the micro-scale
Energy of Erosion
· Energy comes from potential energy due to uplift. (potential energy is stored energy. By lifting an object, you exert energy that will be converted to kinetic energy).
·  Water and ice have potential energy as they move over surfaces and this is converted into kinetic energy.
·  Kinetic energy also developed atmospherically due to uneven heating and cooling of the earth which results in raindrops and wind action (i.e., global energy balance).
Four Stages of Erosion
· For erosion to occur, the forces for mobilisation must exceed the forces resisting mobilisation
· Stages:
· Detachment
·  Must overcome resisting forces: friction, cohesion, cement, interlocking crystals
· Processes producing detachment forces 
· 1. Weathering (physical and chemical; actually releasing material)
· 2. Quarrying - by the erosive agent itself (e.g. ice plucking)
· 3. Abrasion - by rocks within the erosive agent
· 4. Raindrop impact – through rainsplash effects
· Entrainment
· Resisting forces - friction, cohesion
· Forces of entrainment
· Gravity
·  Fluid forces
· Critical entrainment velocity
· Entrainment by water
· For small grain sizes, high critical entrainment (or erosion) velocity because of strong cohesion and because grains do not extend into ﬂow
· For large grain sizes, high critical entrainment velocity because particles have large submerged weights
·  Medium grain sizes (0.1-0.2 mm - ﬁne sand to coarse silt) are easiest to move because they are noncohesive and light and therefore have the lowest critical entrainment velocities
· Transport
· Suspension – held up by the ﬂuid
· Saltation - bouncing
·  Traction – rolling and sliding on the bed
·  Solution – dissolved
· Deposition
· Sorting due to different grains settling out at different velocities
· Sorted deposits consist of a small range of grain sizes
· Deltas have topset beds (coarsest), foreset beds (medium) and bottomset beds (ﬁnest) 
· Glacial deposits are nonsorted
· Chemical precipitation
Landscapes and Landforms
· Primary landforms are created by horizontal and vertical tectonic plate movement 
· i.e. Mountain range 
· Secondary landforms are created by erosion 
·  i.e. Worn down mountain range 
· A landform is a single unit, such as a mountain, a sinkhole, or a sand dune 
· i.e. Refers to the discrete product of a set of processes  
· A landscape is an aggregation of landforms.  
·  i.e., Regional expression of those processes
Landscapes and Landforms Processes
· Degradational processes and landscapes
· Forces that work to flatten, or grade the landscape
· Gravity (avalanches, mudslides, landslides) 
· Weathering (in situ breakdown of rocks; disintegration or decomposition without distant removal) 
· Erosion processes (can carry material over thousands of km)
· Aggradational processes and landforms
·  Aggradation is the deposition of material, which can lower relief by filling in differences of high and low points in a landscape 
· Streams, glaciers, wind, and waves also deposit materials
Landscapes and Landforms
· Running Water (fluvial landscape) 
· Water is the most effective erosional agent 
· Glaciers (glacial landscape) 
·  Glacier act as an erosion force 
·  Wind (aeolian landscape) 
· Wind is effective only in some areas as an erosional agent (sandy areas) 
· Coastal wave (coastal landscape) 
· Coastal waves have enormous impact on continental margin landscapes 
· Chemical dissolution (karstic landscape) 
· Chemical solution, such as when limestone is subjected to humid conditions and dissolves
	






