Text-Dependent Questions and Writing Prompt for Complex Text

Article Title: NASA Moon Mission Shares Insight into Giant Impacts
Vocabulary:
1. What is meant by the word enigma as used in the following sentence: “Orientale has been an enigma since the first gravity observations of the moon, decades ago.” 

2. What is meant by the following description: “Scientists teased out the size of the transient crater from GRAIL's gravity field data.” Define “teased out” as well as “transient crater.” 

3. What does the term gravity signature mean?

Text Evidence/Content Questions:
1. What is the significance of Orientale, a multi-ring basin?

2. How do scientists determine the age of moon features? 

3. How are models used to help understand processes? Use examples from the article related to modeling moon craters.

4. According to Principal Investigator Maria Zuber, how does the Orientale basin appear to have formed?

5. How are gravity measurements used to identify surface and subsurface features on the moon?

Writing Prompt: How has studying Orientale helped scientists understand the formation of the moon? Explain how the GRAIL mission is using data to model the formation of large impacts on the moon. Use evidence from the text to support your explanation.

Text-Dependent Questions and Writing Prompt for Complex Text 
Sample Answer Key

Article Title: NASA Moon Mission Shares Insight into Giant Impacts
Vocabulary:
1. What is meant by the word enigma as used in the following sentence: “Orientale has been an enigma since the first gravity observations of the moon, decades ago.” 
Enigma means hard to identify or describe, or something that is mysterious. Not enough was known about Orientale so it has been difficult to describe adequately or correctly until these recent studies were conducted.

2. What is meant by the following description: “Scientists teased out the size of the transient crater from GRAIL's gravity field data.” Define “teased out” as well as “transient crater.” 
“Teased out” refers to scientists being able to pull information out of the data to explain the size and structure of the crater. “Transient crater” relates to the cavity formed immediately after the end of impact, before it undergoes collapse and modification. “Transient” means lasting only a short time.

3. What does the term gravity signature mean? 
Gravity signature refers to the evidence collected from gravity data that helps determine the structure/composition and size of an object or area.

Text Evidence/Content Questions:
1. What is the significance of Orientale, a multi-ring basin? 
Orientale is a large multi-ring basin on the moon. It is one of the largest identifiable features of the moon. A multi-ring basin is a large crater with concentric rings outlining it—sort of like a target or bullseye. Scientists believe that it formed around the same time as the solar system and as the Earth was developing, as such, it could reveal information about the formation of the solar system as a whole. The formation of the multiple rings has been a mystery and through this research, they are hoping to find out what caused these structures to form. 

2. How do scientists determine the age of moon features? 
The age of the moon is partially determined by impacts. The craters left behind are evidence of the early geologic history. These large impacts were extremely disruptive, causing substantial fracturing, melting and shaking of the young moon's crust. They also blasted out material that fell back to the surface, coating older features that were already there. Scientists use this layering of ejected material to help determine the age of lunar features.

Common Misconceptions: Estimates about the age of the moon are based on inferences using what scientists have gathered from various lunar missions and relating it to what they have found on Earth. With this new mission, adding gravity data to the existing evidence helps enhance or deepen their understanding. The data collected is not obvious or concrete. Scientists use logical thinking and on-Earth experiences to understand the processes that have shaped the moon and Earth. Scientists can then infer how other planets and moons may have formed in the solar system and even other planetary systems throughout the universe. 

3. How are models used to help understand processes? Use examples from the article related to modeling moon craters. 
Models are made to help explain processes and clarify meaning. One way is by using computers to integrate collected data and then simulate how craters are formed. Using the most accurate data today, the GRAIL mission allowed the model to more accurately correlate what was observed from the images obtained.

4. According to Principal Investigator Maria Zuber, how does the Orientale basin appear to have formed?
In large impacts like the one that formed Orientale, the surface is hit so hard that nothing of the initial impact is visible. The evidence of the initial impact is gone.
5. How are gravity measurements used to identify surface and subsurface features on the moon?
The two satellites orbit one right after the other as close as they can to the surface and scan for differences in gravity. These changes help paint a picture of the surface features such as mountains, craters and large impact basins. A photo, however, only shows an image; in this case, the gravity measurements add detail to the image, which gives scientists an idea of the actual components of the features on the surface. Scientists can also infer subsurface features from this same method; by studying these impact craters, they can detect the underlying formations and material types.
Common Misconceptions: Most students will not understand that gravity fluctuates from different positions from a single planet or moon. They have always learned that gravity is dependent on the mass of the object and distance, but here we have a specific example of how the gravity is different even on the same planet or moon, depending on the structure of the rock, the elevation, and more. This is an interesting concept for students to consider and one that should be discussed. Easy examples from Earth could include the difference in density of water compared to rock. Which has more material per volume? The greater the density the stronger the gravity field. With super sensitive instruments included in the GRAIL mission, scientists can actually measure the different gravity fields and then model the structure using the observed images. This gives more detail of the structure of the substance and the materials within. 

Writing Prompt: How has studying Orientale helped scientists understand the formation of the moon? Explain how the GRAIL mission is using data to model the formation of large impacts on the moon. Use evidence from the text to support your explanation.

Modeling the formation of a crater is important in understanding how the early solar system formed. The moon formed around the same time as Earth and with evidence gathered from these ancient impacts scientists can see how the Earth/moon system may have formed. Scientists have used the GRAIL mission in their study of the moon to help them more clearly understand how large impacts were caused and when. 

First, the GRAIL mission is using two orbiting satellites to map the surface of the moon, not just in pictures, but also in gravity. Using gravity helps scientists understand the material that makes up the surface, but it also allows them to ‘see’ the underlying material or hidden craters that might be found below.  Previously, scientists believed that large multi-ringed basins were formed by one impact and the material from below was ejected out and was left on the surface. However, new data has shown that the events that caused the multi-ringed impact basins was much more violent and a much more complicated process than initially thought. It now appears these impacts were enormous and caused significant fracturing and melting of the moon early in its formation. The impacts blasted out material that fell back to the surface, covering older features that were already there. Scientists use this layering of the rock to determine the formation and age of the rock. Specifically, the impact that formed the Orientale basin released material equal to around 153 times the combined volume of the Great Lakes!

Additionally, using the data and comparing it to what is observed, scientists are forming a more complete view of the surface of the moon and are starting to be able to explain more clearly how impact craters and other formations were formed. Scientists gathered information from the GRAIL mission and have integrated it with what was already known about the moon features. Scientists have now successfully modeled the formation of large multi-ringed basins to help understand the processes that forged the moon, the Earth and other structures in the solar system.

As shown above, models in science are not always three-dimensional but often help explain processes. Scientists have previously modeled the process of crater formation but some of the data was incomplete or not supported by what was observed. The GRAIL mission helped clarify some of the discrepancies and allowed new and improved models to explain the process involved in large impact crater formation. Their research has given insight into the materials that make up the moon’s surface and what lies below. 
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