Lesson 1 Learning Outcomes
Students will be able to:
· Explain why it is important to study geology.
· Identify the layers of the earth according to both composition and physical behavior.
· Describe the currently accepted theory of how our solar system and planet were formed and list and briefly describe the planets in our solar system.
· Summarize the rock cycle.
· Explain the scientific method and apply it to situations they will be introduced to.

Lesson One What you need to know (you can take notes here or on separate sheet)

· Why do we study geology
· How do we divide up what is inside the earth?
· How are the layers divided up according to composition (draw picture and describe)
· How are the layers divided up according to how they behave 
· What rock type makes up continental crust?
· What rock type makes up oceanic crust?
· How do oceanic crust and continental crust differ? (which is thicker, which is denser)
· How do rocks form? What is the rock cycle? Be able to briefly explain orders in which the rocks may move through the rock cycle.
· How did our solar system form? 
· Which planets are considered the terrestrial planets
· Which are the larger gaseous planets
· List the planets in order
· What is the difference between qualitative and quantitative data? Be able to apply your knowledge here, if I describe data you should be able to tell me if it is quantitative or qualitative.
· How do we investigate geologic questions?
· What is the scientific method?
· How does a theory differ from a hypothesis?
· Is a theory a “fact”?


Lesson 2 Learning Objectives Note Taking Template
Students will be able to:
LO 1  Describe the evidence that Alfred Wegener presented in support of plate tectonics and why it was not accepted. What additional evidence came later that helped the theory to be accepted?
· Shape of the plates:

· Distribution of fossils:

· Glacial deposits that were unexplained:

· Who came up with the theory of Continental Drift and why was it not accepted?

· What was the name of the large supercontinent that he thought may have existed at one time?

LO 2 -  Identify the different types of plate boundaries both in pictures and by description of associated features. Students should also be able to draw and label the plate boundaries with associated features and directions of movement. 

· Draw a divergent boundary. 
· Put in arrows on which direction each side will move.
· Will you see earthquakes here?
· Will you see volcanics?
· Why is the ridge higher than surrounding oceanic crust?
· As you move away from the mid ocean ridge does it get older or younger?
· Describe what happens when a continent drifts apart.

· Draw the three types of convergent boundaries.
· Ocean-Continent
· Draw arrows which way convergent boundaries move.
· Draw in the features that are associated with a convergent boundary and be able to list them (trench, accretionary prism, continental arc (volcanoes).
· What is denser oceanic crust or continental crust and which will subduct when they collide?
· Are volcanoes and earthquakes associated with this boundary?
· Ocean-Ocean
· Draw arrows on direction of movement.
· Draw and list features associated with the boundary (trench, accretionary prism, island arc)
· Are volcanoes and earthquakes associated with this boundary?
· Continent-Continent
· Draw in direction of movement
· Would you find both earthquakes and volcanoes?
· What large scale features are associated with this plate boundary?
· What are transform boundaries?
· How are the transform faults we see in the ocean different than the San Andreas fault?
· Do you see volcanoes and earthquakes associated with this type of boundary?
SLO 3 - Students should be able to list the major tectonic plates and explain the theory of how they move.
· What is convection?
· How much to plates typically move each year?
· What is slab pull and ridge push?
SLO 4 - Students should be able to explain how paleomagnetism on the seafloor is used to determine rates of seafloor spreading.
· What causes the magnetic field?
· Who discovered the magnetic strips on the seafloor and how did they discover them?
· How did these help to prove the theory of plate tectonics and how can they be used to determine how fast the seafloor is spreading?
· What does it mean when we say that each side of the seafloor away from the mid ocean ridge is a mirror image of the other side?

SLO 5  - Students should be able to explain the new discoveries that helped the theory of plate tectonics to be accepted.
· Do outlines of continent match if they were moved back into position where they may have been when there was a supercontinent?
· What are seamount chains and how can they measure the rate of seafloor movement?
SLO 6 Students should be able to compare island arc systems versus seamount chains.
· How are island arcs formed?
· How are seamount chains formed? 
· What are hot spots? 
· How are these used to calculate the rate of plate movement?


Lesson 3- Minerals Student Learning Objectives and Note Template

SLO 1- The student should be able to define what makes a mineral.
· What is the definition of a mineral?
· How does a rock differ from a mineral?
SLO 2- Students should be able to describe the techniques used to distinguish and identify minerals.
· What are the common crystal shapes?
· What is cleavage? How does it differ from fracture?
· What is the color of a mineral? Is it the best way to identify all minerals?
· What are the different lusters?
· What is the streak and how do you get it?
· What is hardness and how do we determine it? What are the 10 minerals on Moh’s hardness scale?
· What does it mean if the mineral effervesces (fizzes)?
· What is density? What elements can you think of that might make a mineral more dense?
· What is magnetism and how can it be used to help you identify a mineral?
SLO-3 Students should be able to describe what controls a crystal’s shape.
· How does the internal atomic arrangement affect the crystal shape?
· Be familiar with common crystal shapes?
· How can the environment in which a crystal forms affect its shape?
SLO-4 Students should be able to define cleavage and list the common types of cleavage and the minerals associated with them.
· What types of bonds cause a mineral to cleave?
· List the common types of cleavage, what shape they form and a mineral (or two) associated with each type.
SLO-5 Students should be able to list and describe the different classes of rock forming minerals based on their chemistry as well listing common examples of each.
· Silicates- what metals bond with Silicon and oxygen and what are the common silicate minerals. What is a silicate tetrahedron?
· Carbonates- 
· Oxides-
· Halides-
· Sulfates- 
· Sulfides
· Native minerals-
SLO-6 Students should have a basic understanding of the different types of silicate minerals. Students should be able to list the silicon/oxygen ratio of the silicate minerals and know a mineral associated with each. What is a silicate tetrahedron?
· Independent Tetrahedra
· Olivine
· Single Chains
· pyroxene
· Double Chains
· amphiboles
· Sheets
· Muscovite
· Biotite
· Frameworks
· Quartz
· Plagiocase feldspar
· Potassium feldspar
SLO-7 Students should be able to  describe where different minerals are abundant throughout the Earth. They should also have an understanding how element abundances differ between the universe, the entire earth, and the Earth’s crust.
· What minerals are associated with continental crust?
· What minerals are associated with oceanic crust?
· What minerals are common in the lower mantel?
· What minerals are associated with the upper mantle?
· What do we suspect the core is composed of?
· What are the most common elements in the earth’s crust?
· What are the most common elements in the entire earth?
· What are the most common elements in the entire universe?
SLO-8 Students should be able to describe what builds minerals and have a basic understanding of the periodic table and be able to apply that understanding to how elements bond to form minerals.
· What are atoms?
· What are electrons?
· What are protons?
· What are neutrons?
· What are electron shells?
· Gaining electrons will give what kind of charge?
· Losing electrons will give what kind of charge?
· How are elements organized on the periodic table?
· What do rows have in common?
· What do columns have in common?
· What is the atomic number?
· What is the atomic weight?
· How do you know how many protons an element has?
· What is a covalent bond? Give an example of a mineral that forms a covalent bond?
· What is an ionic bond? Give an example of a mineral that forms an ionic bond?
· What is a metallic bond?
SLO-9 Students should be able to describe how the unique properties of water help minerals grow or dissolve
· What is hydrogen bonding?
· How does water dissolve minerals?
· Under what circumstances cause minerals to precipitate from water?
SLO-10 Students should be able to describe how some of the common minerals are used both for their elements and for their properties.
· Elements
· Iron
· Sodium and Halite
· Silicon
· Copper
· Phosphorous
· Calcium
· Physical Properties
· Quartz
· Feldspars
· Clay minerals
· Gypsum




Lesson 4 Student Learning Objectives and Note Template

SLO-1 Students should be able to describe the different textures associated with igneous rocks and explain how each texture forms.
· Phaneritic texture (coarse grained)
· Aphanitic texture (fine grained)
· Glassy
· Vesicular
· Volcanic Breccia
· Porphyritic
· Welded
· Nonwelded
· Pegmatitic
SLO-2 Students should be able to identify different igneous rocks using chemical composition and texture and differentiate the different compositions according to the primary elements that make up the minerals.
Fill the rock names in the following table
	Chemical composition
	Coarse grained(phaneritic)
	Fine grained (aphanitic)

	Felsic (silica rich)
	
	

	Intermediate 
	
	

	Mafic (magnesium and iron)
	
	

	Ultramafic
	
	


· Be able to use the table above to answer questions like.
· What is the fine grained intermediate rock?
· What is the fine grained equivalent to granite.
· What is the rock name of a phaneritic ultramafic rock?
· What is obsidian and how is it formed?
· What is pumice, how is it formed, what is the composition?
· What is scoria, how is it formed, what is the composition?
· What is a tuff and how is it formed?
· What is a volcanic breccia and how is it formed?
SLO-3 Students should be able to explain what causes the heat within the earth and describe what happens to temperature and pressure as you move from the surface to the center of the earth.
· Where did the original heat within the earth come from?
· Where does ongoing heat come from?
· What happens to temperature and pressure as you move deeper within the Earth?
· How can heat be transferred from one place to another
· What is conduction?
· What is radiant heat transfer?
· What is convection?
SLO-4 Students should be able to explain how rocks melt and how pressure and composition affects the melting temperature.
· How do rocks change from a solid to a liquid?
· Do all minerals within a rock melt at the same time?
· How can changing the pressure placed on a rock affect the temperature under which it melts?
· How does water affect the melting temperature of a rock?

SLO-5 Students should be able to explain how the composition of a magma can change.
· What is partial melting?
· How can the crystallization of some minerals change the composition of a magma?
· What is assimilation and magma mixing and how would these change the composition?

SLO-6 Students should be able to explain how magmas move and what factors affect viscosity.
· What is viscosity?
· How would temperature affect viscosity?
· How does composition affect viscosity?
· How does the abundance of crystals affect viscosity?
· How do volatiles and water affect viscosity?
SLO-7 Students should be able to explain Bowen’s Reaction Series and place minerals in the order they crystallize.
· Draw Bowen’s reaction series.
· Now on Bowen’s reaction series label where you would get mafic rocks, intermediate rocks and felsic rocks.
SLO-8 Students should be able to explain the composition of magmas and how they behave at the different plate boundaries.
· Divergent boundaries
· What types of igneous rocks are formed at mid ocean ridges?
· How are magmas generated at continental rifts? How will the composition of the magma change as continental crust is melted into the mafic magma as it moves upward?
· Ocean-Continent Convergent boundary
· How does water moving down into the trench affect the melting temperatures?
· What will happen to the basaltic crust composition as it is subducted then moves back up through continental crust melting it as it goes.
· Ocean-Ocean convergent boundary- What sort of composition of magma will we see at these boundaries.
· What are hot spots? What is the normal composition of magmas associated with hot spots?
· How will the composition of magmas/lavas change when they are located in the ocean versus when they are located under a continent?

SLO-9 Students should be able to identify different plutons and under what conditions they form?

· Batholiths
· Sheetlike plutons 
· Stocks
· Dikes
· Sills
· Laccolith
· Volcanic Necks







Lesson 5 SLOs and Note Template

SLO 1 Students should be able to visually identify the different types of volcanoes mentioned in the book as well as identifying them using characteristics such as composition, shape, explosive style etc.


SLO 2 Students should be able to explain the different factors that affect eruption style.
· What is viscosity?
· How does viscosity differ with temperature?
· How does viscosity differ with composition (felsic versus mafic)
· Which type of viscosity would cause a volcano to be more explosive?
· How do lava flows differ from pyroclastic eruptions?
· How do gases affect a magma and an eruption?

SLO 3 Students should be able to describe how the following features are formed and identify them visually and by description.
· Features formed from Basaltic Lavas and Magmas
· Scoria Cones
· Lava Tubes
· AA lava
· Pahoehoe
· Shield Volcanoes
· The Hawaiian islands are some of the most famous shield volcanoes. Be able to list a few of them and what formed these islands (we did this several lessons ago).
· How do they erupt?
· What are fissure eruptions?
· Describe how shield volcanoes look.
· What are flood basalts?
· How do they form?
· What are the hazards associated with basaltic volcanic eruptions? 
· Know the difference between a hazard and a risk.
· What are the hazards associated with Lava Flows.
· Volcanoes and features associated with Intermediate to Felsic magmas/lavas
· What are the characteristics of a composite volcano? (Be able to compare them to a shield volcano.)
· How do they erupt?
· What is an eruption column?
· What are pyroclastic flows?
· What are lava flows and domes?
· What types of rocks are deposited from a composite volcano
· List some of the famous composite volcanoes from around the world.
· Be able to describe how the following disasters were caused by composite volcanoes.
· Vesuvius destroying Pompeii
· St. Pierre Martinique
· Mt. St. Helens
· How does a Caldera form?
SLO 4 Students should be able to explain how we monitor for volcanic eruptions and other volcanic hazards.








Lesson 6 SLOs and Note Taking Template

SLO 1 Students should be able to explain the processes involved in chemical and physical weathering.
· Physical Weathering (sometimes called mechanical weathering)
· Near surface fracturing-
· Frost and mineral wedging
· Thermal Expansion
· Biological Activity
· What is erosion and how does it affect sediment?
· Chemical Weathering
· Dissolution
· Oxidation
· Hydrolysis
· Biological reactions

SLO 2 Students should be able to define clasts and explain how clasts are categorized and how they help to classify sedimentary rocks and identify the environment the rock was originally formed in.
· Know the different clast size/names from largest to smallest.
· Where are you more likely to find larger clasts in mountain streams or in streams in the Triangle?
· How do angular clasts differ from rounded clasts?
· How does a clast become rounded and what does the rounding versus angularity tell you about how far the clast has travelled.
· What is sorting, poorly sorted versus well sorted? 
· What does this tell you about the energy of the environment?

· How would each of the following affect clast size, shape and sorting?
· Bedrock exposed on mountains.
· Boulders and cobbles transported in streams.
· Steepness of slope.
· Strength of current.
· Sediment supply
· Agents of transport (wind, water, ice)



SLO 3- Students should be able to identify clastic sedimentary rocks and explain their characteristics and the processes that formed them.
· Conglomerate- how does it differ from a breccia? Is it well or poorly sorted? What materials make it up? 
· What type of environment would a conglomerate form in?
· Breccia- How does it differ from conglomerate? Is it well or poorly sorted? What materials make it up?
· What type of environment would form a Breccia?
· Sandstone
· Is it well or poorly sorted?
· What is an arkose?
· What is a quartz sandstone?
· What is greywacke?
· What environments would a sandstone form in?
· Mud sized materials
· Silstone- Is it well or poorly sorted?  Clast size?
· Shale-  Is it well or poorly sorted?  How does it differ from a siltstone?
· What environments will form mud sized sedimentary rocks?
· How are fine grained rocks shown in landscape? 
· How do fine grained rocks tend to weather?
 SLO 4- Students should be able to explain how clastic sediments become sedimentary rocks.
· Cementation-
· What are some of the common cements?
· How is cement put in place?
· Which rocks are most likely lithified by cementation?
· Compaction
· How does compaction work?
· Which sediments are likely lithified by compaction?
SLO 5- Students should be able to identify nonclastic sedimentary rocks and explain their characteristics and the processes that formed them.
· What materials can precipitate from water and what rocks do they make?
· What is a biochemical rock?
· What is rock salt?
· What is gypsum?
· What is limestone? (know this formula)
· What is chalk?
· What is dolostone?
· What is chert?
· What is peat?
SLO 6- Students should be able to explain how sedimentary layers form and what they represent.
· What are beds?
· What are layers?
· What is a contact?
· How would the following create  layers that look differently.
· Change in current
· Change in sediment supply
· Sea level Change
· Climate change
· What are graded beds and how do they form?
· What are cross beds and how are they formed?
SLO 7- Students should be able to identify carbonate rocks and describe the different environments that form them and what characteristics they display in our landscapes.
· What do most samples of limestone look like? Would it be typical find fossils in them?
· How do they form in marine nearshore environments?
· How can they form in lakes?
· How can they form in cold/hot springs and caves?
· Limestones are “soluble” what does this mean? 
· As limestones dissolve in the ground what do they leave behind?
SLO 8- Students should be able to how changing sea levels would be displayed by the sequences of rocks they leave behind and be able to identify whether sea level was rising or falling by looking at the sequence of rocks.
· View the video on transgressions (rising sealevel) and regressions (falling sea level).
· What sediments would you expect to find on a beach?
· What materials would you expect to find close to the beach but under water?
· What materials would you expect  to find in deep water ocean?
· Where would you expect to find marine fossils?
· What would finding materials like sticks and leaves mean in a fine grained material?
· Draw a sequence of rocks you might find if you stood in one spot on the beach through time as sea level rose. (the bottom might have mud with plant debris, then sand, what would you have as the water got deeper)
· Draw a sequence that you would see if a regression occurred.
SLO 9-Students should be able to look at sedimentary structures and layers and come up with possible scenarios on what formed them.
· What might red sedimentary rocks tell us about the formation of environment?
· What does the thickness of bedding tell us?
· What do mudcracks tell us?
· What can fossils tell us?
· How can sediment tell us which way water was flowing or which way wind was blowing?
SLO 10- Students should be able to explain why it is important for us to look at sediments forming in current environments today to understand how they formed in the past.
· How do sedimentary rocks control the distribution of resources?






Lesson 7 SLO”s and Note Template

SLO 1 Students should understand the difference between force and stress and be able to describe the different ways stress can be applied and how rocks will behave to these stresses in different situations.
· Be able to define
· Force
· Stress
· Strain
· How do rocks respond to force and stress?
· Displacement
· Rotation
· Strain

· Define the following deformation terms?
· Brittle
· Ductile

· How does the depth at which a rock is buried affect how it will either deform or break (behave brittley)?
· How would rocks tend to behave if buried shallowly?
· How would rocks tend to behave if buried deeply?

· What is confining pressure? 
· Where would it occur?
· How would it affect a rock?
· What is differential stress?
· Where would it occur?
· How would it affect a rock?

SLO 2- Students should be able to list the three different types of differential stresses and explain how rocks will behave when these are applied under differing situations. Students should be able to draw arrows showing directions of applied stresses and describe them.
· Three different types of differential stress
· Compression
· Tension
· Shear

SLO 3- Students should be able to define terms associated with faults and draw pictures of each of the faults and describe them.
· How does a joint differ from a fault?
· Be able to define and identify fault terminology. (also be able to identify on a picture). You should be able to draw a picture depicting each.
· Dip
· Strike
· Hanging wall
· Footwall
· Dip slip fault 
· Strike slip fault
· Oblique slip fault

· Be able to draw pictures and describe the following Part of the description may be something like the normal fault has moved down relative to the foot wall.

· Normal Dip Slip fault



· Reverse Dip Slip Fault



· Strike-slip fault-




· On dip slip faults above label the foot wall and the hanging wall.
· Draw arrows to show which way the walls have moved relative to one another.
· Write down what type of tension formed each (example normal dip slip would have arrows pulling apart or a tensional stress)
· How do you name a right lateral strike slip fault versus a left lateral strike slip fault?

· On the figure of the strike slip fault above write down what type of stress would cause it.


· Now for each of the faults above think about the plate boundary that might accompany it and write it down. (example: normal dip slip fault, is caused by tensional stresses, which would go with a divergent boundary)


SLO 4- Students should be able to define terms associated with folds and draw pictures of each of the faults and describe them.
· Hinge (fold axis)
· Limb
· Plunging
· Asymmetrical fold
· Symmetrical fold

· Draw an anticline with more than one layer. Now what would this fold look like if you cut the top off and looked down into it? Be able to describe if the oldest rocks are in the center or not. Do the limbs dip away from the center or toward the center.




· Draw a syncline- Where are the oldest versus the youngest rocks? Where do the limbs point (would water on the limb run toward the center or the outside).




· What is a dome and a basin. How do they differ from an anticline and syncline?

· What sort of stresses create folds (hint: take a sheet of paper and try tensional stresses (pull outward on both ends) I bet you can’t make a fold. Now gently push the two ends toward each other and see if your paper folds.

SLO 5- Students should be able to describe what happens to different sedimentary and metamorphic rocks as they are metamorphosed.
· Examples: shale- as you start to metamorphose it becomes slate, if metamorphism continues the mica crystals will grow slightly larger making a phyllite, then a schist and finally a gneiss. These are all examples of foliated metamorphic rocks. In other words layered sedimentary rocks that are formed when differential stress is applied to rocks that contain minerals that can line up. They line up perpendicular to the stress.

· What is the difference in foliated and nonfoliated metamorphic rocks?

· List the foliated rocks in order from lowest grade to highest grade metamorphism.

· List  the main non foliated metamorphic rocks and the parent rock they formed from. 

· What type of stress causes foliation? What must a rock have in order for foliation to occur?

SLO 6 Students should be able to explain the differ causes of metamorphism and be able to correlate them to differing settings on our planet where they would occur.
· What are the causes of metamorphism or what are the different processes that lead to metamorphism

· Write down scenarios or draw pictures of plate boundaries or areas beneath the surface of the earth that would meet the following metamorphic conditions.

· High temperature but low pressure (example the answer for this would be near a magma but close to the surface so there is high temp but not lots of pressure). 


· High Temperature- High Pressure



· Low Temperature- High Pressure


· High Temp- High Pressure







Lesson 8 SLOs and Note Taking Template

SLO 1 Students should be able to explain how a typical sedimentary landscape forms and be able to list and explain the principles we use to infer the relative ages of events.
· What is the principle of “original horizontality”?
· What is the principle of superposition?
· What can pieces of an older rock being included in the layer above it tell you?
· What is the principle of cross cutting relationships?
SLO 2 Students should be able to describe the different scenarios that would form unconformities.
· What is an unconformity?
· What is a disconformity and how would it form?
· What is a nonconformity and how would it form?
· What is an angular unconformity and how would it form?
SLO 3 Students should be able to explain how radiometric age dating works and calculate ages or rocks from supplied data.
· What are isotopes?
· What are parent isotopes?
· What are daughter atoms?
· What is ½ life?
· How many parent/daughter atoms are left after 1 half life, after 2 half lives, after 3 half lives….
· Carbon 14 decays to ?
SLO 4 Students should be able to describe the different ways fossils are formed and explain and explain how they are used for age dating.
· Why are hard parts important?
· What are the requirements for something to be fossilized?
SLO 5 Students should be able to explain factors that are important in determining whether a species will become extinct.
· How is the environmental setting important?
· How is the climate important?
· How is the reproductive strategy important?
· How is adaptability important?
· How is competition important?
· How are their predators and prey important?
SLO 6 Students should be able to define faunal succession and apply it to determining relative ages of rocks.
· What are index fossils?
· What is faunal succession and how can it be used to determine relative ages?
SLO 7 Students should be able to explain how the Geologic timescale was developed and list what marked major boundaries. Students should also be able to describe important life and characteristics of different eras and periods.
· What marks the boundary of the Mesozoic and Cenozoic?
· What marks the boundary of the Paloezoic and the Mesozoic?
· What marks the boundary between the Precambrian and the Paleozoic?
· What are stramatolites and when did they exist?
· What is the Cambrian explosion and when did it happen?
· What life was prevalent during 
· Early Paleozoic
· Middle Paleozoic
· Late Paleozoic
· What are the possible causes of the great dying?
· What was the Mesozic Era known as?
· What may have caused the dinosaurs demise?
· What is the Cenozoic Era known as?
SLO 8 Students should be able to list the currently accepted age of the earth and describe the evidence that scientists have based it off of.
· How hold is the currently accepted age of the Earth?
· How old are the oldest rocks found on Earth?
SLO 9 Students should be able to explain why geologists investigate geologic history and what it can tell us about geologic hazards and natural resources.




Lesson 9 SLOs and Note Taking Template


SLO 1 Students should have an understanding of terminology associated with earthquakes.
· Hypocenter
· Epicenter
· Body waves
· Surface Waves
· Primary Waves
· Secondary Waves
SLO 2 Students should be able to describe the different causes for earthquakes and relate them to the different tectonic settings where they will occur.
· How does faulting cause earthquakes?
· Normal faults- What plate boundary is associated with normal faulting.
· Reverse and Thrust faults- What plate boundary is associated with reverse and thrust faulting)
· Strike slip faulting- What plate boundary is associated with strike slip faulting?
· Volcanoes
· Landslides

SLO 3 Students should be able to describe the processes involved when faulting causes earthquakes.
· What is elastic strain?
· What happens when the stresses on a fault exceed the point where they behave elastically?

SLO 4 Students should be able associate depth of earthquakes with the different earthquake settings.
· What are shallow focus (depth) earthquakes and which in which plate tectonic settings would you find them?
· What are intermediate focus (depth) earthquakes and in which plate tectonic settings would you find them?
· What are deep focus earthquakes and in which plate tectonics settings would you find them?
· Be able to give general examples of settings which would cause these earthquakes


SLO 5 Students should be able to describe the different types of seismic waves and explain how they move and behave in different materials. Students should also be able to describe how they are measured.
· What are body waves?
· What are P (primary) waves? 
· How do P waves move?
· Can they move through liquids?
· What are S (secondary) waves?
· How do they move?
· Can they move through liquids?
· What are surface waves and how do they move?
· Which seismic waves moves the fastest?
· Which moves through liquids?
· What is a seismograph and what does it record?
· Be able to look at a seismograph and pick out the P wave, S wave and surface wave (which arrives first, second, third, and which shows up the largest on the seismogram)
· What is wave amplitude and period? (You will see this again in the shorelines section)

SLO 6 Students should be able to explain how earthquakes locations are determined and how we classify them.
· How are earthquakes located? How many stations are required to locate an earthquake?
· What is P-S travel time and how does it relate to the distance the station is from the epicenter?
· What is the amplitude of an earthquake and how do you read the chart?
· What is the magnitude of an earthquake and be able to determine it.
· Determining the size of an earthquake
· What is the Richter Scale
· What is the modified Mercali Scale- (would you be able to use this in the desert?)
· What are the limits of each of the scales and when would they be used?
SLO 6 Students should be able to explain how earthquakes cause damage.

· Primary effects (list and describe)
· Secondary effects
· How can we limit the damage of earthquakes?
· What are tsunamis and what causes them?

SLO 7 Students should be able to explain how geologist make long term and short term predictions of earthquakes.
· Describe long term prediction
· Describe short term prediction

SLO 8 Students should be able to explain how seismic waves travel through materials and how this has allowed us to determine the Earth’s interior.

· What is refraction?
· What is reflection?
· Why do S waves not show up after 103 degrees from the earthquake?
· What causes the P wave shadow zone?
· What is the Moho?
· Describe the flow within the mantle
· How did seismic waves show us that the outer core is liquid and the inner core is solid?




Lesson 10 SLO’s Glaciers, Shorelines, and Changing Sea Levels Note Take Template

SLO-1 Students should be able to describe how a glacier is formed and list and characterize the different types of glaciers.
· What is required for a glacier to form?
· What are ice sheets? Where are the largest ones?
· What are alpine glaciers?
· What are valley glaciers?


SLO 2 Students should be to describe how snow falls and accumulates to form glaciers and explain how they move. 
· What happens to snow on the bottom as it accumulates?
· What is the zone of accumulation?
· What is sublimation?
· What is the equilibrium line?
· What is the terminus?
· Why do glaciers move downhill?
· What happens when glaciers meet the sea or a lake?
· Chunks of ice that calve from a glacier and end up floating are called ___________?

SLO 3 Students should be able to describe what happens as glaciers move over the land surface? They should also be able to explain how materials are transported within a glacier and eventually deposited.
· What are the 3 main ways that glacier causes erosion and be able to describe how each causes erosion.
· Abrasion
· Plucking
· Glacial meltwater
· How do glaciers deposit material?
· What do we call sediment carried by ice, icebergs, or meltwater?

SLO 4 Students should be able to identify glacial landforms formed by erosion and deposition. They should be able to identify them both visually and by written description.
· What type of valley does a glacier typically form? Is this erosional or depositional?
· Be able to identify the following depositional features formed by valley glaciers
· Lateral moraine
· Medial moraine
· Terminal moraine
· Be able to identify the following erosional features formed by valley glaciers.
· Cirque
· Tarn
· Arête
· Hanging valley
· Depositional features formed by continental glaciation
· Eskers
· Kames
· Ground moraine
· Kettle lakes
· Recessional moraines
· Glacial outwash plains

SLO 5 Students should be able to describe the possible causes of past glaciation and evidence that scientists have identified that shows the extent of glaciers in the past.
· What is loess? Where have we seen this term from a previous chapter and why is it important?
· What is permafrost and in what areas are we likely to find it? In areas where permafrost is present there is not where for water to drain if there is melting at the surface. Can you think of why this would cause huge problems in Alaska if the oil pipline (which is kept warm) is laid directly on the ground?
· What are some of the possible causes of glacial ice ages (it is probably more a combination of several things)? Be able to describe the effects of changes of the Earth’s tilt, wobble of the rotation of the Earth’s rotation axic (presession) and eccentricity of the Earth’s orbit.  How can ocean currents affect temp and glaciation?

SLO 6 Students should be able to explain the factors that affect the appearance of a shoreline.
· Describe the factors that affect the appearance of the shoreline from the water side.
· Describe the factors that affect the appearance of the shoreline on the land side.

SLO 7 Students should be able to explain what causes tides and the different types of tides that we see daily and monthly.
· What are spring tides when do they occur?
· What are neap tides when do they occur?
· What are high and low tides and how often do they occur?
SLO 8 Students should know the terminology associated with waves and be able to explain how waves form and how they approach shore.
· Know the terminology associated with waves (wave height, wave length, wave base (how far beneath the surface does the wave base extend), 
· What causes waves? How do waves move through the water? Why do they bend when they approach shore? What causes waves to break (after learning this is should also make more sense to you why tsunamis can pass undetected beneath ships in the deep water then cause major destruction as it gets closer to shore)
· How is material transported along beaches? Be able to describe how wave action and erosion affect rocky beaches differently than sand beaches. What is longshore drift versus beach drift? Which one would cause you to move if you are out swimming at the beach? Which moves more sand?

SLO 9 Students should be able to explain how waves erode materials along shorelines. They should also be able to recognize erosional versus depositional features both visually and by description.


· Understand the difference in erosional features (those that are made by the erosion and weathering of rocks already there) and depositional features (those that material has built)
· Be able to recognize sea stacks, cliffs, caves and arches, and wave cut platforms. How are they formed and what type shoreline are they associated with?
· Be able to recognize sandbars, barrier islands, spits and baymouth bars. How is each formed? What type shorelines are they associated with? 

SLO 10 Students should be able to describe challenges of living on a shoreline and explain some of the benefits and risks of the approaches that have been attempted to address these problems.

· The following structures are hard structures that are built along the beach. What is each supposed to do and what are the problems that can be associated with each? (jetties, sea walls, breakwaters and groins)
· How do we recognize whether we are on an emergent coast versus a submergent coast? 




Lesson 11 SLO’s and Note Taking Template

Students should be able to explain the different processes that physically weather rocks and how they affect erosion.
· Joints in rocks (expansion joints or unloading)
· Frost wedging
· Mineral wedging
· Burrowing organisms
· Plant roots 
· Think about the physical weathering that we do when building roads, houses crating gravel etc.
· What is erosion?
· What is talus? Talus slopes? Where would we find them?
· What does breaking a rock up do to the surface area of a rock? As surface area increases how does this affect weathering?
SLO 2Students should be able to explain which rocks are the most and least stable at the earth’s surface and why
· Which minerals/rocks are the least stable at the Earth’s surface? These are the ones most susceptible to weathering.
SLO 3 Students should be able to describe the three different types of chemical weather and correlate them with the rocks that would be most susceptible to that type of weathering.
· Dissolution
· Oxidation
· Hydrolysis
· What type of acid is most common at the Earth’s surface? Where is this acid made? There are multiple rocks made of CaCO3 which can be broken down by this acid. These are limestones (all types), marble, and calcite (mineral).
· Understand that the clays formed by hydrolysis are not the same as discussed in sedimentary rocks. The clay in sedimentary rocks relates to a size while the clays formed from hydrolysis have specific chemical make ups. These are clays often used in sculpting/art work. 

SLO 4 Students should be able to compare how weathering differs between mafic and felsic rocks.
· How do the following factors influence weathering?
· Composition of rock
· Susceptibility to weathering
· Discontinuties
· Climate (which climates weather most efficiently)
· Steepness of slope
· Time
SLO 5 Students should be able to explain how weathering is expressed in rocks and outcrops.
· How are rocks rounded? What does the rounding tell you about the time and distance traveled.?
· Describe how the following weathering features are formed.
· Weathering rind
· Spheroidal weathering
· Differential weathering
SLO 6 Students should be able to describe how caves are formed and identify the different features and terminology associated with caves and karst topography.
· What rock type is most likely to display caves and karst topography.
· How are caves formed? 
· Limestone caves
· Other types of caves
· What are stalagmites?
· What are stalactites?
· What are sinkholes how do they form?
· What is karst topography?
· Where is the United States are you most likely to see it?

SLO 7 Students should be able to explain what makes up soil and describe each of the horizons and under what conditions each will form.
· What are the different soil horizons be able to describe each. 
· Where is the zone of leaching (what is leaching)? What colors would you expect this layer to be? Where is the zone of accumulation?
· The OAEBC horizons are not always found in all locations it is dependent on location and the other factors that affect soil formation. How do the soils differ in tropical, temperate and arid climates. What is caliche?
SLO 8 Students should be able to explain some of the most common issues associated with soil erosion and other issues with structures and soil.
· How can farming cause soil erosion? 
· What is the typical rate of soil formation? Think about all the times you have seen new subdivisions being built and soil washing away. This should make viewing soil erosion this way even worse.
· What is liquefaction? How is it related to earthquakes?
· What are shrink and swell clays and how can they do damage to your foundations etc? Shrink and swell clays cost insurance companies more than almost anything else.


SLO 8 Students should be able to define mass wasting and explain the factors that control slope stability and what triggers failure.
· What is mass wasting?
· What role does gravity play in mass wasting?
· What is the angle of repose? Try obtaining some different materials and measuring the angle of repose.
· Dry sand versus wet sand
· Round materials like marbles versus angular rocks
· What is the role of water in mass wasting? (small amounts of water can increase the angle of repose, so simply put small amounts of water are good, large amounts of water are bad)
· What are some of the triggers of mass wasting?
SLO 9 Students should be able to explain how we classify or describe mass wasting or slope failures.
· How we classify mass wasting
· Mechanism of movement- slide, topple (flow) or fall
· Type of material- consolidated- large pieces mainly moving as a unit or unconsolidated which can include soil and other materials picked up along the way down
· Rate of movement- may go from the slowest which is creep to the fastest which it either an avalanche or a rockfall.
· For each of the mass wasting types mentioned in the book be able to tell the environment where it is likely to occur as well as mechanism, type of material and rate.
· Rock and debris falls
· Rock slides
· Rotational slides
· Creep
· Debris slides
· Earth flows
· Debris flows
· Rock and debris avalanches

SLO 10 Students should be able to explain how geologists determine where mass wasting has occurred in  the past and how we determine the risks of it happening again.

· How do we recognize past mass wasting?
· How do we assess the potential for an areas slope failure





Lesson 12 Rivers and Streams SLOs and Note Taking Template


SLO 1 Students should be able to define terms associated with a river and its discharge.

· What is a river?
· What is discharge?
· What is a drainage basin?
· What factors affect how a drainage basin will react to a storm event?
· How can the geology of the material beneath the river influence the drainage pattern? What are the different patterns mentioned?
· Do all rivers reach the sea? What does the continental divide represent?

SLO 2 Students should be able to describe how a streams transports and deposits sediment and how changes in channels or the amount of water in being transported will change the profile of a stream.

· What is the sediment load and what factors determine how much material is carried by the stream? How is fine grained sediment carried? How are cobbles and boulders moved? How do sand grains move? 
· How does a stream/river erode materials? 
· How does the gradient change from the mountains to the coast? How does this affect velocity and deposition and erosion?
· How does velocity determine what size of material can be moved in rivers and streams? What is a stream’s capacity?
· What is the difference in an ephemeral stream versus a perennial stream?
· What is base level? What is the ultimate base level? How can temporary base levels be created?

SLO 3 Students should be able to explain where streams are most likely to display meanders and the terms associated with them and describe how water and sediment behaves in the meanders.

· What are the different types of bends or curves that you see in a river?
·  In a meander is the velocity higher on the inside or outside of the meander?
· What causes the cutbank to form on the outside of the meander and the point bar to form on the inside?
· Be able to recognize the point bar and cutbank on a map of a meander.
· How does a cutoff meander form? 
· What is a floodplain?
· What is an oxbow lake and how does it form? How are they different than meander scars?

SLO 4 Students should be able to explain how streams differ from higher elevations to coastal plains and define terms associated such as headwaters.
· Where are the headwaters of streams? Is the flow in the higher regions more turbulent or calm? What sorts of features (rapids, waterfalls etc) are associated with higher gradient streams?
· We learned that glaciers have U shaped valleys. What shape of valleys do streams form?

SLO 5 Students should be able to describe under what conditions a braided stream will form.
· Under what conditions do braided rivers form? 

SLO 6 Students should be able to describe features associated with low gradient streams.
· Be able to describe features associated with streams such as terraces, levees (how do natural and artificial vary), can you find the terms backswamp elsewhere?
· How do dams affect base level? What happens to sediment that enters the dam in the stream? What happens to deposition and erosion of materials above and below the dam?

SLO 7 Students should be able to describe what happens to a stream when it reaches its base level and how it changes over time and changing conditions.

· How are deltas formed? Where is the largest in the U.S.?
· How do changes and sea level and the building of mountains affect streams?
· How does the geology of a stream control the streams behavior?
· What is runoff? Thinking about how adding storm sewers etc. can increase direct runoff into our streams? How does this effect flooding?
· After learning about rocks are there some rocks that the streams may erode more quickly than others?
· How are entrenched meanders formed? Why don’t we see these on the coast of N.C.?
SLO 8 Students should be able to define what is considered a flood and describe the different causes for floods and some of the ways they can be prevented.

· What is a flood?
· Be able to explain the different causes of flooding mentioned in the book. Are all floods flash floods or do we have warnings for some floods? In what cases can you think we know in advance when a flood is coming?
· Look at some of the death and destruction tolls on page 491. We are lucky that floods in NC have caused more monetary damage than loss of life.
· How do we measure floods? How do we calculate that a flood will occur?


SLO 9 Students should be able to calculate stream discharge and read graphs with flow probabilities.





Lesson 13 SLO’s and Note Taking Template

SLO 1- Students should be able to describe the different settings where water is stored. 
· Where is most of the earth’s water?
· How much of the available water is fresh?
· Where is the largest amount of freshwater stored?
· Where is water stored?
SLO 2- Students should be able to explain the hyrdrologic cycle and how water moves through it.
· Draw a diagram of the water cycle and label it.

SLO 3- Students should be able to describe how we use and store water.
· Know which uses take the most water.
· Where is water stored?
· How is it transported?
SLO 4- Students should be able to describe how groundwater is stored and moves.
· What is the saturated zone?
· What is the unsaturated zone?
· What is run off and how does it differ from infiltration?
· What is the water table?
· What is porosity?
· What is permeability?
· Be able to explain why a sediment may be able to hold a large amount of water but may have poor permeability?
· Have a basic understanding of different types of material and whether it would make a good aquifer.
SLO 5- Students should be able to explain how groundwater moves.
· How is the movement of water beneath the ground different the surface (hint: beneath the ground is moving through material).
· What factors would affect the rate of groundwater flow?

SLO 6-  Students should be able to describe what characteristics make a good aquifer.
· What is an unconfined aquifer?
· What is a confined aquifer?
· What does permeability and porosity have to do with an aquifer?
· What is an artesian well?

SLO 7- Students should be able to describe the relationship between groundwater and surface water.
· How is groundwater replenished by surface water?
· What are springs and where might we typically find them?
· How do streams interact with the water table?
· What is a gaining stream and what is a losing stream?

Students should be able to describe the methods used to investigate and depict groundwater flow.
· What do we call geologists who study groundwater?
· What are some of the methods used to gather information about groundwater?
· How do geologists depict the water table? 
· What are water level measurements how do these help us map the groundwater table?

Students should be able to illustrate and describe how pumping of wells affect groundwater.
· What are the effects of overpumping wells?
· What is the cone of depression?






Lesson 14 Energy and Mineral Resources

SLO 1 Students should be able to describe how oil and natural gas are formed.
· What settings are required for the formation of oil and natural gas?
· Once oil/gas have formed how do they move?
SLO 2 Students should be able to describe how coal forms.
· What are the differences in peat, lignite, bituminous coal and anthracite coal?
· How is coal mined?
· What is reclaimed land and why is it important to do this?
SLO 3 Student should be able to explain how nuclear energy is produced.
· What is positive about using nuclear energy?
· What is negative about using nuclear energy?
· Which types of uranium are necessary to produce nuclear energy?
SLO 4 Students should be able to explain the different types of energy produced by water. Understand the positive points and negative points of each.
· Hydroelectric dams?
· Tidal currents?
· Geothermal energy
· Wind energy
· Solar energy
· Ethanol
· Biomass
SLO 5 Students should be able to describe uses for rocks and minerals and explain why they are so important to society.
· How are cement and limestone produced?
· What is difference in cement versus sand?
· What makes up sheetrock and plaster?
· How is sand, gravel and crushed rock used?
· What are some of the uses of salt?
· How is phosphate rock used?
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