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Animations, Simulations, and Videos 

Marshak’s online resources are designed to be easy to use and visually appealing. Animations, interactive simulations, 
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PRELUDE 

 

And Just What Is Geology? 
 

Learning Objectives 

 

By the end of this prelude, you should be able to . . . 

A. describe the scope and applications of geology. 

B. explain the foundational themes of modern geologic study. 

C. demonstrate how geologists employ the scientific method. 

D. provide a basic definition of the theory of plate tectonics. 

E. explain what geologists mean by the Earth System concept. 

F. name the main layers of the Earth’s interior. 

 

Summary from the Text 

 

• Geologists are scientists who study the Earth. They search for the answers to the mysteries of 

our home planet, from why volcanoes explode to where we can find minerals. 

• Geologic study can involve field exploration, laboratory experiments, high-tech 

measurements, and calculations with computers. 

• Geologic research not only provides answers to academic questions such as how the Earth 

formed, but also addresses practical problems such as how to find groundwater or how to 

avoid landslides. Many people pursue careers as geologists. 

• A set of themes underlies geologic thinking. Key concepts are that the Earth’s outer shell 

consists of moving plates whose interactions produce earthquakes, volcanoes, and mountains; 

that the Earth is very old; and that interacting realms of material on the planet constitute the 

Earth System. 
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Real-World Videos 

 

SCIENCE FOR A CHANGING WORLD 

Learning Objectives Covered: 

• A. describe the scope and applications of geology. 

• C. demonstrate how geologists employ the scientific method. 

Length: 8:11 

Summary: The U.S. Geological Survey (USGS) is the leading agency providing reliable 

scientific information for informed decision and policy making. This video outlines a brief 

history of the USGS, and the significance of USGS’s work and mission in today’s world. When 

it was founded in 1879, the primary focus of the survey was mineral resources and mining 

geology, as well as mapping, paleontology, and stratigraphy. Since its foundation, the USGS has 

evolved to provide fundamental scientific data relevant to water resources, changing Earth 

processes, and even the moon landings. Today, USGS scientists throughout the 50 states gather 

data in six science mission areas critical to the well-being of the nation and world: 

• Ecosystems—monitors many functions vital to human populations, including soil 

formation, crop pollination, nutrient cycling, water purification, waste treatment, and 

atmosphere regulation. 

• Energy, minerals, and environmental health—assesses the quantity and quality of 

resources (including environmental impacts of extraction and use). 

• Climate and land use—uses research, monitoring, remote sensing, modeling, and 

forecasting to address human impact. 

• Natural hazards—assesses the threat of natural hazards for public knowledge and policy 

making. 

• Water—monitors resources. 

• Core science systems—translates scientific data into formats that are accessible and 

understandable. 

Classroom Use: This video helps students to understand some of the many ways in which 

geology solves significant and critical problems faced by human populations today. Before 

showing the video, ask students to reflect on what geologists do and what types of problems they 

solve. Additionally, ask them to create a list of what they believe to be some of the greatest risks 
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facing human populations (regionally or globally). After viewing the video, facilitate a 

discussion about the relevance of geology to society. What types of problems (e.g., climate 

change, clean water, land use, agriculture, natural resources) does geology seek to solve? 

Adaptations: 

• This video could be used together with the “Geology in the News” activity (which would 

provide specific examples of USGS projects) to form a lesson on the relevance of 

geologic research to society. 

Review and Discussion Questions: 

1. What are some of the major areas of geology that the USGS supports? 

2. What are some of the greatest challenges that the Earth System faces today? 

3. How does the work of the USGS help to address some of the challenges that the Earth 

System faces today? 

Credit: USGS 

 

HYDRAULIC FRACTURING: USING SCIENTIFIC METHODS TO EVALUATE TRADE-

OFFS 

Learning Objectives Covered: 

• A. describe the scope and applications of geology. 

• C. demonstrate how geologists employ the scientific method. 

Length: 3:07 

Summary: This video uses the example of hydraulic fracturing (“fracking”) in Colorado to 

discuss how scientists gather objective data that can be used to guide environmental regulations. 

Environmental engineers are investigating the potential impacts of fracking on water and air 

quality, human health, and energy sustainability, with an emphasis on neutrality. Stakeholders 

will be able to use the information—such as methane concentration in the atmosphere, and the 

persistence of fracking fluids in ecosystems—to create a decision framework to improve 

environmental policy. In the case of fracking, where two opposing points of view are often at 

odds, science can provide the best source of trusted information. 

Classroom Use: 
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1. Remind students that the scientific method yields verifiable results, and therefore science 

can provide impartial evidence in cases where opposing “sides” may have a biased view 

about a topic (see Box P.1 in the text for a review). 

2. Show the video as one example of a controversial topic. 

3. Working in small groups of two to three, ask students to come up with another example 

of a controversial issue that geologists could evaluate in an impartial way. Some 

examples might include: global climate change and sea level rise, earthquake and tsunami 

hazards, soil conservation and land use planning, or ecosystem impacts of coal mining. 

Review and Discussion Questions: 

1. The video references one “side” contradicting the other “side.” Who or what are the 

“sides” that are being referenced? What factors influence their view of fracking? 

2. What are some of the questions that scientists are asking about hydraulic fracturing? 

3. If you lived in Colorado where this fracking is happening, what sources of information 

would you turn to? 

Credit: Science 360 News (NSF) 

 

Activity 

 

GEOLOGY IN THE NEWS 

Learning Objectives Covered: 

• A. describe the scope and applications of geology. 

• C. demonstrate how geologists employ the scientific method. 

Activity Type: Online Investigation 

Time in Class Estimate: Variable (dependent on class size and depth of discussion) 

Recommended Group Size: Individual to four students 

Materials: Students will need to access websites with geology-related science news, including: 

U.S. Geological Survey Science Snippets (www.usgs.gov/news/science-snippets) 

Classroom Procedures: 

1. Visit the USGS Science Snippets website (www.usgs.gov/news/science-snippets) and 

select an article of interest to read. 
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2. While reading, focus on how the scientific method (see Box P.1 for a review) is being 

implemented by answering the following: 

a. What is the problem being solved or hypothesis being tested? 

b. What kinds of data are being collected? How? 

3. Summarize what you learned from your article and discuss the ways in which geology 

provides impartial scientific evidence that is relevant to challenges that our society faces. 

Adaptations: 

• For online classes, students can be assigned to groups to read and discuss the same article 

or all students can post summaries to a discussion board. 

• For a less open-ended assignment, several articles could be preselected for the entire 

class. 

• American Association of Petroleum Geologists News in Review 

(www.aapg.org/home/news-in-review) also has resources, and your state geologic agency 

may also have interesting news. 

• This activity could be paired with the “Science For a Changing World” Real-World 

Video. 

Reflection Questions: Do you think there are ever any cases where scientists might impart a 

bias on the data they collect? What safeguards are there in place to protect the integrity of 

scientists from things that might bias their work, such as political and financial influences? 

 

THINK-PAIR-SHARE QUESTIONS 

Classroom Procedures: Ask students to silently reflect on the question (and, optionally, write 

down an answer). Questions could be integrated into PowerPoint slides, asked verbally, or posted 

in discussion boards for online classes. After about a minute of reflection, cue students to share 

their thoughts with one or two people near them (or in assigned groups in online classes). After a 

minute or two of small-group discussion, ask students to report answers to the class—ask for 

volunteers, call on whole groups, or have groups submit consensus posts on a discussion board. 

Questions/Answers: 

1. Geology in Everyday Life 

How is geology relevant to your everyday life? 
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ANS: Answers will vary depending on demographics, location, and current events, but 

students might discuss natural resources, hazards, climate change, or recreation. 

Learning Objectives Covered: 

• A. describe the scope and applications of geology. 

2. Geology and Society 

In what ways is geology increasingly important in today’s society? 

ANS: Answers will vary depending on demographics, location, and current events but 

students might discuss climate change, oil and gas, rare-earth elements, groundwater, 

soils, or earthquakes. 

Learning Objectives Covered: 

• A. describe the scope and applications of geology. 

3. Geology and You 

Whether or not you pursue further studies in geology, how might learning about geology 

affect your life? 

ANS: Answers will vary depending on demographics and location, but students might 

discuss an increased appreciation for the natural world, a better understanding of 

environmental issues, awareness of geologic issues (such as climate change or land use) 

in government and policy, and factors (such as hazards or climate change) that might 

influence personal decision making. 

Learning Objectives Covered: 

• A. describe the scope and applications of geology. 

 

Answers to Review Questions 

 

1. What are some of the practical applications of geology? 

ANS: Geology is applied to a number of important problems, including: availability of 

resources (such as oil, minerals, and groundwater), pollution, and hazards such as earthquakes 

and landslides. 

BLOOM’S LEVEL: Remembering	

LEARNING OBJECTIVES COVERED:  

• A. describe the scope and applications of geology. 
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2. Explain the difference between internal processes and external processes. 

ANS: Internal processes include plate motion, mountain building, earthquakes, and 

volcanoes. These processes are all driven by heat from inside the Earth. External processes, 

which result from the movement of air and water, are driven by heat from the sun. Both internal 

and external forces, together with gravity, interact to shape the surface of our planet. 

BLOOM’S LEVEL: Understanding	

LEARNING OBJECTIVES COVERED:  

• B. explain the foundational themes of modern geologic study. 

 

3. How would the Earth’s atmosphere differ if life didn’t exist? 

ANS: Without life, the Earth’s atmosphere would not contain any oxygen, which is a 

product of photosynthesis in plants. Oxygen is an essential element for complex animals, and is 

important to chemical reactions that occur during the weathering process of rocks. 

BLOOM’S LEVEL: Remembering	

LEARNING OBJECTIVES COVERED:  

• B. explain the foundational themes of modern geologic study. 

 

4. Explain the difference between a hypothesis and a theory, in the context of science. 

ANS: A hypothesis is a potential explanation for an observation. Hypotheses may be 

correct explanations or they may be incorrect; this is assessed by testing the predictions made by 

the hypothesis. If a hypothesis is tested in many ways by many individuals over an extended 

period of time, and passes all tests, it becomes a theory. There is more certainty about a theory 

than there is about a hypothesis. The scientific community will continue to test an idea even after 

it becomes a theory. 

BLOOM’S LEVEL: Understanding	

LEARNING OBJECTIVES COVERED:  

• C. demonstrate how geologists employ the scientific method. 

 

5. What is the basic premise of the theory of plate tectonics? 
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ANS: Plate tectonics is the theory that the outer layer of the Earth is broken up into rigid 

plates that move laterally relative to each other over the softer layer beneath them. This plate 

motion is responsible for earthquakes, volcanoes, and mountains. Plate tectonics is the 

foundational theory for understanding all geology. 

BLOOM’S LEVEL: Remembering	

LEARNING OBJECTIVES COVERED:  

• D. provide a basic definition of the theory of plate tectonics. 

 

6. What are the main layers of the Earth’s interior? Label them in the diagram. 

 
ANS: From outside to inside: crust, mantle, outer core, and inner core. 

BLOOM’S LEVEL: Understanding	

LEARNING OBJECTIVES COVERED:  

• F. name the main layers of the Earth’s interior. 

 

7. What do geologists mean by the statement, “The Earth is a complex system”? 

ANS: The Earth is a set of many interacting elements—including the surface, interior, 

oceans, atmosphere, and life—that cycle energy and matter, and change over time. 

BLOOM’S LEVEL: Understanding	

LEARNING OBJECTIVES COVERED:  

• E. Explain what geologists mean by the Earth System concept. 

 

8. What are the sources of data that geologists can use to understand the Earth? 

8



ANS: Geologists use data from a large number of wide-ranging sources, including (but 

certainly not limited to) direct observation of rocks in the field, laboratory methods and 

equipment, microscopes, satellites, computers, and models. 

BLOOM’S LEVEL: Remembering	

LEARNING OBJECTIVES COVERED:  

• C. demonstrate how geologists employ the scientific method. 

 

9. What are the major subdivisions of geologic time? Which time unit is longer, the 

Precambrian or the Paleozoic? 

ANS: The Precambrian (divided into the Hadean, Archean, and Proterozoic) spans from 

the birth of the Earth (4,565 million years ago) to 541 million years ago, and represents 88% of 

geologic time. The Paleozoic (divided into the Paleozoic, Mesozoic, and Cenozoic Eras) spans 

from 541 million years ago to the present day. 

BLOOM’S LEVEL: Remembering	

LEARNING OBJECTIVES COVERED:  

• B. explain the foundational themes of modern geologic study. 

 

10. This mine truck carries 100 tons of coal. Where does this resource, and others like it, come 

from? 

 
ANS: Coal is a natural resource that comes from geologic materials. 

BLOOM’S LEVEL: Remembering	

LEARNING OBJECTIVES COVERED:  

• B. explain the foundational themes of modern geologic study. 
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CHAPTER 1 
 

Cosmology and the Birth of Earth 
 

Learning Objectives 

 

By the end of this chapter, you should be able to . . . 

A. assess how people’s perceptions of the Earth’s place in the Universe have changed over 

the centuries. 

B. explain modern concepts concerning the basic architecture of our Universe and its 

components. 

C. assess the evidence for the expanding Universe and the Big Bang theory. 

D. describe where the elements that make up matter came from. 

E. explain the nebular theory, a scientific model that explains how stars and planets form. 

 

Summary from the Text 

 

• The geocentric model of the Universe placed the Earth at the center of the Universe. The 

heliocentric model, which gained acceptance during the Renaissance, placed the Sun at the 

center. The geocentric model remained popular until the 17th century. 

• Eratosthenes measured the size of the Earth in ancient times, but it was not until fairly 

recently that astronomers accurately determined the distances from the Earth to the Sun, 

planets, and stars. Distances in the Universe are so large that they must be described in light-

years. 

• The Earth is one of eight planets orbiting the Sun. Our Solar System lies on the outer edge of 

the Milky Way Galaxy, which contains about 300 billion stars. Perhaps a trillion galaxies 

populate the Universe. 

• The red shift of light from distant galaxies, a manifestation of the Doppler effect, indicates 

that all distant galaxies are moving away from the Earth. This observation supports the 

expanding Universe theory. Most astronomers agree that this expansion began after the Big 

Bang, a cataclysmic explosion that occurred about 13.8 Ga. 
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