Day 1:  Ice Age Fossil Park

Unit/Lesson Sketch Title: The Coolest Time to be Alive

Team Members: Jessica, Kalie, Frank, & Brian


	Target Performance Expectations: 
	HS-ESS2-1.	Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and temporal scales to form continental and ocean-floor features.
HS-ESS2-2.	Analyze geoscience data to make the claim that one change to Earth's surface can create feedbacks that cause changes to other Earth systems.
HS-ESS2-4.	Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate.


	Phenomenon:
	Using the pictures below, why do the trenches at Ice Age Park have different banding patterns with different colors.

Tule Springs National monument
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	Target Student Explanation/Argument:
	Earth’s systems, being dynamic and interacting, result in dynamic changes across the geologic record.  Changes in climate through glacial and interglacial periods are reflected by changes in the rock record, such as variation in color.  Sediments deposited in marshes that are being circulated by continuous feed of water from snowmelt will be more pink or rust-colored due to the oxidation of iron-rich minerals, such as hematite or limonite.  In contrast, sediments deposited during drier, interglacial periods would be more tan-colored due to the lack of excessive oxidation of these minerals.  In response to the increased water during wet periods, there may be more organic material, as well as more carbonic acid in the water being leached from limestone, which was in turn precipitated within the LV wash.  Calcium carbonate is white/tannish in color, which would also cause the sediments to be relatively lighter in color.

	Focus Science and Engineering Practices: 
	SEP 1.1: Ask questions that arise from careful observation of phenomena, or unexpected results, to clarify and/or seek SEP 6.2: Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.additional information.


	Focus Crosscutting Concept: 
	CCC 1.1  Different patterns may be observed at each of the scales at which a system is studied and can provide evidence for causality in explanations of phenomena.



Target Sub-Concepts:
1. DCI ESS2.A.3: The geological record shows that changes to global and regional climate can be caused by interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles. (HS-ESS2-4)

Knowledge Targets
1. Students know the difference between positive and negative feedback loops.
2. Students know several feedback loops can be connected to form a system.
3. Students know Earth systems are interconnected and do not happen in isolation.
4. Students know valleys are typically the result of destructive forces that may occur from glacial activity, stream erosion, or tectonic uplift that can occur over thousands or millions of years.
5. Students know plateaus are typically the result of destructive forces that may occur from tectonic uplift and erosion on continental plates over 100’s of thousands of years.
6. Students know trenches are typically the result of destructive forces which occur at subduction zones over 10 - 100’s of millions of years.
Performance Targets
1. Students can describe and model possible temporal and spatial scales needed to infer the pattern of formation of Earth’s surface features.
2. Students can diagram and identify the different parts of a feedback system.
3. Students can create an example of a positive feedback system.
4. Students can create an example of a negative feedback system.
5. Students can develop a causal loop diagram based on different geoscience scenarios.
6. Students can analyze data to describe a mechanism for the feedbacks between two of the
7. Earth’s systems and whether the feedback is positive or negative, increasing (destabilizing) or
decreasing (stabilizing) the original changes.



Day 2:  An Oasis in the Desert (Water You Think)

	Target Performance Expectations: 
	The following unit/lesson sketch builds toward the following Performance Expectations: 
· HS-ESS2-1 Earth's Systems: Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and temporal scales to form continental and ocean-floor features.
· HS-ESS2-2 Earth's Systems: Analyze geoscience data to make the claim that one change to Earth's surface can create feedback that causes changes to other Earth systems.
· HS-ESS2-4 Earth's Systems: Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate.

	Phenomenon:
	There are older, coarser volcanic rocks deposited on top of younger rocks and finer sedimentary rocks. This feature is exposed at Whitney Mesa in SE Las Vegas. The dark-colored volcanic rocks form a desert pavement above
Coordinates/links for GoogleEarth pins:  
· Whitney Mesa:  36° 4'8.87"N, 115° 3'49.57"W 
· Black Mountain :  35°59'47.25"N, 115° 0'53.05"W
Image showing distance between Whitney Mesa and Black Mountain (students could measure this distance themselves using the GoogleEarth measure tool)
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	Target Student Explanation/Argument:
	Changes in geologic record reflect changes in tectonic events and volcanic activity. A nearby volcanic center (Black Mountain) was emplaced around 13 million years ago. The underlying, finer sedimentary beds of the Las Vegas Formation were deposited around 760,000 years ago. Somewhere between Black Mountain and Whitney Mesa, a fault cut the Las Vegas formation. The northern Black Mountain side of the fault was upthrown, and the downthrown block was then incised by fluvial channels. Basalt boulders shed from Black Mountain were carried to Whitney Mesa in these channels during debris flow episodes. The deposits were eroded to their present state. 

	Focus Science and Engineering Practices: 
	SEP 6.2 Constructing Explanations and Designing Solutions: Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources (including students’ own investigations, models, theories, simulations, peer review) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future. 
SEP 1.1 Asking Questions and Defining Problems: Ask questions that arise from careful observation of phenomena, or unexpected results, to clarify and/or seek additional information

	Focus Crosscutting Concept: 
	CCC Stability and Change: Change and rates of change can be quantified and modeled over very short or very long periods of time. Some system changes are irreversible. (HS-ESS2-1)
CCC Cause and Effect: Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects. (HS-ESS2-4)



Target Sub-Concepts:
 ESS2.A: Earth Materials and Systems
· Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes. (HS-ESS2-1),(HS-ESS2-2)
· The geological record shows that changes to global and regional climate can be caused by interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles. (HS-ESS2-4)
ESS2.B: Plate Tectonics and Large-Scale System Interactions
· Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and provides a framework for understanding its geologic history. Plate movements are responsible for most continental and ocean-floor features and for the distribution of most rocks and minerals within Earth’s crust. (ESS2.B Grade 8 GBE) (HS-ESS2-1)
Performance Targets
Observable features of the student performance by the end of the course:
1 Organizing data
a Students organize data that represent measurements of changes in hydrosphere, cryosphere, atmosphere, biosphere, or geosphere in response to a change in Earth’s surface.
b Students describe* what each data set represents.
2 Identifying relationships
a Students use tools, technologies, and/or models to analyze the data and identify and describe*
relationships in the datasets, including:
i. The relationships between the changes in one system and changes in another (or
within the same) Earth system; and
ii. Possible feedbacks, including one example of feedback to the climate.
b Students analyze data to identify effects of human activity and specific technologies on Earth’ssystems if present.
3 Interpreting data
a Students use the analyzed data to describe* a mechanism for the feedbacks between two of Earth’s systems and whether the feedback is positive or negative, increasing (destabilizing) or decreasing (stabilizing) the original changes.
b Students use the analyzed data to describe* a particular unanticipated or unintended effect of a selected technology on Earth’s systems if present.
c Students include a statement regarding how variation or uncertainty in the data (e.g., limitations, accuracy, any bias in the data resulting from choice of sample, scale, instrumentation, etc.) may affect the interpretation of the data.
















Day 3:  

Unit/Lesson Sketch Title: Can rocks tell us a story? 


	Target Performance Expectations: 
	The following unit/lesson sketch builds toward the following Performance Expectations: 
HS-ESS1-5 Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate tectonics to explain the ages of crustal rocks.
HS-ESS1-6 Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to construct an account of Earth’s formation and early history
HS-ESS2-1. Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and temporal scales to form continental and ocean-floor features.


	Phenomenon:
	New phenomenon: There is a difference between the texture/composition of rocks that are next to each other. Why is the rock cut diagonal if rocks split vertically?

Original phenomenon question: There is a difference between the texture/composition of rock spilt by the low angle normal fault  as shown by the picture below. Why or why not?
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	Target Student Explanation/Argument:
	At this outcrop, the older Vishnu Formation granitic basement is exposed and in direct contact with younger conglomeratic alluvial deposits. Studying the characteristics and properties of these outcrops can provide us with valuable information about Earth’s history. Plate tectonics provides a framework for understanding Earth’s geological history by explaining the past and current movements of rocks at Earth’s surface. 

The foot wall is made of granite and the hang wall is made of an assortment of pebbles and sand called conglomerate. The granite in this hill was created through volcanic activity very early in Earth’s history. The conglomerate was formed many millions of years after from the combination of sediment and different rocks dragged by runoff depositing these materials on top of the granite. 

	Focus Science and Engineering Practices: 
	
Engaging in Argument from Evidence. 
· Engaging in argument from evidence in 9– 12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and scientific reasoning to defend and critique claims and explanations about the natural and designed world(s). Arguments may also come from current scientific or historical episodes in science.  Evaluate evidence behind currently accepted explanations or solutions to determine the merits of arguments.

· 1.1-2: Teacher will guide students to ask questions that arise from careful observation of phenomena. 
· 1.7: The teacher will then provide samples to the students  to reevaluate their questions that challenge the premise(s) of their argument. 
· 1.4:  Ask questions to clarify for students to refine their model, and explanation. 	



	Focus Crosscutting Concept: 
	Patterns  
· Empirical evidence is needed to identify patterns. (HS-ESS1-5)

Stability and Change  
· Much of science deals with constructing explanations of how things change and how they remain stable. (HS-ESS1-6)
· Change and rates of change can be quantified and modeled over very short or very long periods of time. Some system changes are irreversible. (HS-ESS2-1).








Target Sub-Concepts:
	
Knowledge Targets
1. Students know processes involved with each of the three different types of plate boundaries
2. Understanding how lithospheric plates move in a specific way
3. Students know plate motion is not uniform or consistent across time and/or space.
4. Students know crustal materials of different ages are arranged on Earth’s surface in a pattern that can be attributed to plate tectonic activity.



Performance Targets
5. Students can use data related to the type, location, and ages of rocks to infer a pattern of continental crust being older than oceanic crust.
6. Students can use evidence from patterns of crustal rocks (ages, density, etc.) to explain past and current plate movements.
7. Students can develop a model to show where continental and oceanic rocks are located with respect to age and plate boundaries.


2. Continue as needed based on the target  explanation. 
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