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FIGURE 6-10 
ON ASSIGNMENT National Geographic 
photographer Robb Kendrick documented 
miners lifting coal out of a mine shaft two 
tons at a time in Meghalaya, India.
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Inspire students with images and videos from the National Geographic 
archives and build the earth science story with features of National 
Geographic Explorers.

Earth Science concepts are 
at the center of all sciences 
and National Geographic 
Earth Systems, Texas 
Edition shows students 
the importance of these 
connections to chemistry, 
biology, and physical 
science. Storytelling and 
stunning visuals tell how 
the balance of systems and 
the dynamics of the Earth 
are critical for sustainability.

PRESENT EARTH SCIENCE AT THE CORE 
OF HIGH SCHOOL SCIENCE PRACTICES

C H A P T E R  1 3

C H A P T E R  R E S O U RC E S
• Chapter Pretest
• Video 13-1: Glaciers and Deserts: At the 

Bottom of the World
• Video 13-2: Thwaites Glacier
• Video 13-3: LeConte Glacier
• Video 13-4: Wind Transport of Desert Dust
• 13.4 Challenge Reading: Glacial Erratics 

and Canadian Diamonds
• Spanish Chapter Summary
• Chapter Posttest
• Chapter Test
• Performance Task and Rubric

E N G AG E
I N T RO D U C E  A  C H A P T E R 
P H E N OM E N O N 

Project the photo of the sand dune and 
glacier for the class and ask a volunteer 
to read the introductory text aloud. Have 
students observe this phenomenon of sand 
dunes near the edge of a glacier in Antarctica. 
Use this phenomenon to engage student 
interest in the topics of the chapter—glaciers 
and deserts—and to drive student learning.
Student-Generated Questions In small 
groups, have students discuss their initial 
thoughts and questions about the stimulus. 
To encourage discussion, ask questions 
such as:
• Are you surprised there are glaciers in 

Antarctica? What about sand dunes?
• Is it normal for glaciers and sand dunes 

to be so close to each other? Are they 
related in some way?

• Would you call this environment a desert? 
Is it possible for glaciers and deserts to 
coexist?

• What makes it possible for glaciers and 
sand dunes to form, and how permanent 
are glaciers and sand dunes?

Also encourage students to explore and 
interact with the phenomenon and photo by 
discussing students’ own experiences with 
and prior knowledge of dunes and glaciers. 
For example, ask:
• Have you ever visited a glacier or seen 

one in a photo? How does it compare with 
the glacier shown in the photo?

• Have you ever walked on a sand dune? 
What was it like?

• Is there anything in the photo that 
surprises you? Why?

Then as a class, compile a list of all the 
questions students generated from their 
group discussions. Have the class select 
three questions they would like to answer 

by the end of their study of this chapter. 
Display these questions in the classroom 
in a place where they can remain visible. 
At appropriate points in the chapter, refer 
back to the questions, and invite students 
to address them. Students may not be able 
to fully answer the questions at any given 
point in time, but remind them that this is 
a process and that they are building their 
knowledge to explain the phenomenon.

A B O U T  T H E  P H OTO 
Show students a map of Antarctica and 
point out the McMurdo Dry Valleys, a 
series of valleys near McMurdo Sound, an 
inlet of the Ross Sea. Victoria Valley is one 

of the Dry Valleys, which, unlike most of 
Antarctica, have little snow and ice cover 
despite extremely cold conditions. These 
valleys also have very low humidity and 
high winds; whenever it does snow in these 
valleys, the snow quickly sublimates. Sand 
dunes cover much of the Dry Valleys, which 
are surrounded by mountains. The glaciers 
of the Antarctic ice sheet are mostly blocked 
from entering the valleys by the mountains, 
although the glaciers do make their way 
through some of the passes, as shown in 
the photo. The conditions in the Dry Valleys 
are so extreme that scientists compare it 
to the landscape and conditions found on 
Mars. The dunes shown in the photo are 
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CHAPTER 24 STARS770

Munazza Alam has stars in her eyes—and she hopes 
they will lead her to other planets like our own. 
Alam is pursuing a Ph.D. in astronomy at Harvard 
University. Her research focuses on exoplanets: 
planets orbiting stars beyond our solar system. 
Exoplanets are surprisingly common—there are 
more planets in the universe than there are stars. 
The question is: Are any of those distant planets 
capable of supporting life, as our planet does?

Alam investigates that question using data from 
the Hubble Space Telescope to study exoplanets’ 
atmospheres. “My long-term goal is to find an Earth 
twin exoplanet with an atmosphere like ours,” says 
Alam. With an estimated 100 billion exoplanets in 
our galaxy alone, the prospects are exciting. The 
first exoplanet was confirmed in 1995, and more 
than 3,000 exoplanets have been identified to date. 
About 2,500 more candidates await confirmation.

Directly observing exoplanets is tricky. The 
nearest one known is 40 trillion kilometers away. 
In addition, light from an exoplanet’s host star 
makes it nearly impossible to see. Alam and other 
astronomers use the transit method to detect 
them. As an exoplanet transits, or passes in front 
of, its host star, the star appears to dim because 
the exoplanet blocks some of its light. Astronomers 
use this change in brightness to determine the 
exoplanet’s size. They measure time between 
transits to characterize the planetary system, 
including how far the exoplanet is from its host star, 
which tells them about conditions on the planet.

Distance is critical, says Alam. Too close, and the 
exoplanet may be boiling hot. Too far, and the 

exoplanet may be frozen. Neither condition is 
conducive to life. “The key is to find exoplanets that 
orbit in the star’s habitable zone,” says Alam. “That 
is a region at a distance from the star where liquid 
water could exist on the surface.” Early searches for 
exoplanets found mostly hot Jupiter-like planets 
because they are the brightest and biggest, but 
this type of planet is actually rare in the universe. 
Smaller planets called super-Earths, between the 
size of Earth and Neptune, are the most common. 
One of these super-Earths might just have the right 
atmospheric ingredients Alam is looking for—gases 
such as carbon dioxide, methane, and oxygen.

Transit give information about an exoplanet’s 
atmosphere. As an exoplanet transits its host star, 
some starlight shines through the exoplanet’s 
atmosphere. Various types of gas molecules in the 
atmosphere absorb light at different wavelengths. 
By looking at which wavelengths of starlight the 
exoplanet absorbs, Alam can determine the 
presence or absence of particular gases in the 
atmosphere. She can even tell whether clouds are 
present.

We may never know whether planets beyond our 
solar system host life. But Alam’s work may help us 
to one day know at least whether it is possible.

T H I N K I N G  C R I T I C A L LY
Explain Scientists often must make indirect studies 
of objects and processes that are too complex, too 
dangerous, or too physically difficult to observe directly. 
Explain how this applies to the work that Munazza Alam 
does as an astrophysicist.

WITH NATIONAL GEOGR APHIC EXPLORER MUNAZZA AL AM

I N V E S T I GAT I N G 
E XO P L A N E T S
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Astronomers Munazza Alam (center), Haley 
Fica (left), and Sara Camnasio (right) pose 
in front of one of the 6.5-meter-diameter 
Magellan Telescopes in Chile.
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Authentic National Geographic Experiences
Earth Systems, Texas Edition delivers real-world connections through the stories of 
National Geographic Explorers who share their diverse perspectives and scientific 
practices as they solve earth science problems. National Geographic images and 
illustrations provide a full picture of the earth science story.
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  Marcello Calisti examines part 
of the robot developed for the 
SILVER project. This robot walks 
on the seafloor with four legs. 
The top portion of the robot is 
shown in this photograph.

Dr. Calisti developed a soft 
robot with arms like an octopus. 
It’s called PoseiDRONE.
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FIGURE 14-17
ON ASSIGNMENT In Parque de la Papa, Pampallacta, 
Peru, a farming family harvests potatoes. Hand tilling 
and hand-harvesting causes less soil erosion. Such 
methods are more sustainable, particularly as the 
world’s food production needs are on the rise. National 
Geographic photographer Jim Richardson snapped 
this image and others like it as he toured the globe 
to photograph farmers of the world. Showcasing 
small-scale farmers was part of an effort to highlight 
sustainable farming methods, often practiced 
on smallholder farms and on family farms. Some 
agricultural experts say that sustainable farming 
techniques practiced by smallholder farmers will 
contribute to the security of the global food supply.
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CHAPTER 1 NATURE OF SCIENCE AND ENGINEERING6

When Andrés Ruzo talks about his childhood, it is 
easy to understand why he became a geothermal 
scientist—someone who studies heat energy 
contained in rock and fluids beneath Earth’s crust. 
Geothermal heat escapes at Earth’s surface via land 
features such as hot springs, geysers, volcanoes, 
and fumaroles (openings near volcanoes that emit 
hot sulfurous gases). As a boy, Ruzo personally 
encountered some of these features in Nicaragua at 
his family’s coffee farm atop the Casita Volcano. 

Ruzo also grew up in Peru and remembers his 
grandfather telling him stories and legends, 
including one about a mysterious “boiling 
river” hidden in the Amazon. Ruzo earned an 
undergraduate degree in geology and become 
interested in geothermal energy. He had helped 
map out geothermal areas in the United States that 
could be tapped for clean, renewable energy (see 
Case Study) and hoped to do the same for Peru.

His curiosity led him to ask geologic experts 
whether such a “boiling river” could actually exist 
in the Peruvian jungle. Amazingly, Ruzo’s aunt, who 
had worked with native Amazonian communities 
in the jungle when she was young, told him that 
she had seen this boiling river. One day she led him 
into the jungle to meet the powerful shaman, or 
holy man, who protected it. Ruzo’s aunt explained 
that without the shaman’s blessing, he would 
not be permitted to see the river because it was 
considered sacred. After two years of searching, he 
was finally able to confirm the river’s existence.

The Boiling River of the Amazon is the world’s 
largest documented thermal river. It flows hot for 

more than 6 kilometers. At its widest, the river is 
30 meters across. Its deepest point is 4.5 meters. 
The hottest temperature Ruzo has measured at the 
Boiling River was 99.1°C. Ruzo and other scientists 
want to explain the cause of this incredible 
geothermal feature without a nearby volcano.

Ruzo’s research is still ongoing. What is certain 
is that the Boiling River of the Amazon is a rare 
geothermal system. To understand it properly, Ruzo 
is traveling the world to study similar geologic 
sites that may give clues about how the Boiling 
River works. “As a geoscientist, the world is my 
classroom,” Ruzo explains.”

Recently, Ruzo traveled to Iceland, which has more 
than 30 active volcano systems that provide an 
abundant source of geothermal energy. Geothermal 
energy accounts for about one-third of electricity 
and some 90 percent of heating and hot water 
supplies in Iceland. Iceland even has its own 
thermal river called the Reykjadalur, which means 

“steam valley.” Even though the Reykjadalur is next 
to a volcano, Peru’s Boiling River is still bigger and 
hotter. Ruzo hopes to learn more about how such 
rivers form as well as their geologic, environmental, 
cultural, and economic importance. Perhaps most 
of all, he wants to protect them.

T H I N K I N G  C R I T I C A L LY
Infer How might collaborating with experts in 
government, conservation, and energy production 
be important to Ruzo’s scientific research?

WITH NATIONAL GEOGR APHIC EXPLORER ANDRÉS RUZO

T H E  WO R L D  I S  MY 
C L A S S RO OM
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Ruzo’s research takes him to the 
legendary Boiling River in the central 
Peruvian Amazon. He works closely with 
indigenous people to study and protect 
the river.

  Andrés Ruzo uses a thermal camera to 
take temperature measurements at a 
geothermal feature in Iceland.
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CHAPTER 10 MOUNTAINS296

T H E  S TO RY  O F  A  M O U N TA I N  C H A I N

about 220 million years ago. Since 
that time, the Appalachians have 
been eroding. That erosion has 
greatly reduced their size. It also 
has caused rocks that were formed 
deep within the active orogen to be 
exposed at the surface. 
 Scientists can study the geology 
of one range to better understand 
that of the other. The Himalaya 
and Appalachians both formed 
through continent-continent 
collisions. With access to rocks 
that were once deep within 
the Appalachian orogen, those 
seeking to understand the geology 
of the Himalaya can turn to the 
geologic roots of the Appalachian 
range by examining the exposed 
rocks that were once deep within 
its orogen. Conversely, scientists 
seeking to understand the tectonic 
history of the Appalachians can 
turn to the Himalayan range to 
learn about the processes that 
underlie an ongoing continent-
continent collision.

As You Read Investigate various 
ways mountains form. Which 
mountain chains are more like the 
Himalaya or the Appalachian range? 
What geologic forces affected 
the size and structure of different 
mountain ranges?

Explorer Cory Richards climbs 
the Himalaya in India, Nepal, and 
China for the thrill of adventure 
and the beauty of high-altitude 
vistas (Explorers at Work). Like 
thousands of mountaineers, 
Richards is drawn to the Himalaya 
for their alluring topography 
and the chance to conquer their 
highest peaks.
 Although much smaller in 
terms of topographic relief and 
peak elevation, the Appalachian 
Mountains of North America once 
were similar to the Himalaya. 
So how and why do these two 
ranges look very different today? 
The simple answer is time. The 
Himalaya are actively forming 
today through the tectonic 
collision of the Indian plate with 
the Eurasian plate. In contrast, 
tectonic forces that produced the 
Appalachians ceased about 250 
million years ago.
 Three tectonic collisions 
formed the Appalachian 
Mountains. The first collision took 
place about 444 million years ago 
as an island arc piled onto the 
eastern margin of North America 
at a subduction zone. This 
collision provided the material 
that later formed the Blue Ridge 
Mountains (Figure 10-1).

 Then, about 350 million years 
ago, continued subduction caused 
another major, similar event. 
A small continent known as 
Avalonia collided with the eastern 
continental margin of North 
America.
 Finally, from 325 to about 
260 million years ago, a major 
collisional orogen formed. (An 
orogen is a belt of rocks that 
is deformed during mountain 
building.) South America and 
Africa together collided into the 
eastern and southern margin 
of North America. This huge 
continent-continent collision 
resulted in the Pangaean 
supercontinent (Lesson 7.3). It 
also formed a mountain range 
that stretched from present-
day eastern Canada, southward 
through New England and 
the mid-Atlantic states, then 
westward across Alabama, 
Arkansas, and Oklahoma to 
western Texas. At that time, the 
Appalachian range was about 
twice as long as the modern 
Himalayan range. Its peaks likely 
were as high as those of the 
Himalaya today.
 Active tectonic building of the 
Appalachian Mountains ended with 
the break-up of Pangaea, starting 

FIGURE 10-1  
A panoramic view of the Blue Ridge 
Mountains, a section of the Appalachian 
Mountain range, reveals rounded peaks 
from millions of years of erosion.
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T Y I N G  I T  A L L  TO G E T H E R

CHAPTER 10 MOUNTAINS316

In this chapter, you learned about the geologic forces 
that form and shape mountain ranges over millions of 
years (Figure 10-24). In the Case Study, we examined 
the Appalachians and the Himalaya, two mountain 
ranges at very different stages in their geologic history. 
While the major plate tectonic forces that formed the 
Appalachians have stalled, the current colliding of 
the Indian and Eurasian plates continues to fold and 
shape the Himalaya. At the same time, surface forces 
continue to shape both mountain chains.
 Mountain climbing is a journey across geologic time, 
each footstep guided by the ancient tectonic forces 
thrusting Earth upward and the relentless surface 
forces that wear it back down. Although the changes 
that shape mountains occur slowly from a human 
perspective, scientists worry that climate change 
is increasing the pace of erosion. A warmer, drier 
climate in the Appalachians may lead to lower levels 
of precipitation, more wildfires, and more extreme 
weather events that cause flooding or drought. Though 
it is hard to predict the specific effects of climate 
change, collectively all of these changes can modify 
sedimentation and increase erosion. 

Research another mountain range, such as the 
Alps, Andes, Atlas Mountains, Great Dividing 
Range, Rocky Mountains, Sierra Nevada, or Ural 
Mountains. Then answer the questions below. 
1. Identify the location and estimated age of the 

mountain range. Find out what geologic processes 
contributed to its formation and current features.

2. Construct a map of the mountain range, identifying 
major peaks and the processes that contributed to 
the current shape of each mountain.

3. Explain how the height of peaks may have changed 
due to erosion and climate change.

4. Organize and present information that could be 
used for a travel brochure or website for tourists 
or mountaineers. Include information about major 
peaks and other attractions of the mountain range 
you studied. Summarize the current research about 
the geologic history and future of the chain.

C H A I N S  O F  C H A N G E

FIGURE 10-24   
Mountain chains throughout the world vary in height, length, and age. Nonetheless, every 
continent features a mountain chain, including the Transantarctic Mountains in Antarctica 
(not pictured on this map).
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FIGURE 17-15 
ON ASSIGNMENT This aerial view of the Colorado 
River Delta in Sonora, Mexico, was taken in 2009 by 
National Geographic photographer Pete McBride. The 
photo shows a completely dry river bed where fishing 
was once possible. The native people in this area once 
relied on the river as a food and income source.
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Engage Students with Earth Systems Stories

Introduce phenomena to students through 
the stories and real-world experiences of 
National Geographic Explorers. 

Case Studies for each chapter introduce a  
real-world earth science story. Each is paired 
with a Tying It All Together activity at the end 
of the chapter where students explain the 
phenomenon behind the case study.

1   Visit NGL.Cengage.com/TX-Science to learn more.

http://NGL.Cengage.com/TX-Science


ENSURE EARTH SCIENCE STANDARDS 
ARE TAUGHT AS INTENDED

C H A P T E R  1 6

C H A P T E R  R E S O U RC E S
• Chapter Pretest
• Video 16-1: Studying Ancient Coral Reefs
• Video 16-2: Sun, Earth, Moon, and Tide 

System
• Video 16-3: The Gulf Stream
• Video 16-4: The Coriolis Effect
• Spanish Chapter Summary
• Chapter Posttest
• Chapter Test
• Performance Task and Rubric

E N G AG E
I N T RO D U C E  A N 
A N C H O R I N G  P H E N OM E N O N 

Project the Chapter Opener photo of 
a surfer riding a huge wave off the 
southeastern coast of Tasmania, Australia. 
Ask a volunteer to read the introductory 
text aloud. Have students observe this 
phenomenon of seawater interacting with 
the coastline. Use this phenomenon to 
engage student interest in the topic of the 
chapter—oceans and coastlines—and to 
drive student learning.
Student-Generated Questions In small 
groups, have students discuss their initial 
thoughts and questions about the photo 
of the surfer riding the giant wave. To 
encourage discussion, ask questions such as:
• What causes water in the ocean to move 

with such force?
• How do ocean waves and currents affect 

coastlines and beaches?
• How does the movement of seawater 

affect ocean ecosystems?
Also encourage students to explore and 
interact with the phenomenon directly 
by thinking about their own experiences 
involving coastlines and beaches. For 
example, ask:
• Have you ever experienced the force of an 

ocean wave?
• Have you ever observed the changes at a 

beach as the tide came in? 
• Have you ever seen pictures of seaside 

buildings destroyed by waves?
Then, as a class, compile a list of all the 
questions students generated from their 
group discussions. Have the class select 
three questions they would like to answer 
by the end of their study of this chapter. 
Display these questions in the classroom 
in a place where they can remain visible. 
At appropriate points in the chapter, refer 
back to the questions, and invite students 
to address them. Students may not be able 
to fully answer the questions at any given 

point in time, but remind them that this is 
a process and that they are building their 
knowledge to explain the phenomenon.

A B O U T  T H E  M A P 
Display a map of Australia and point 
out the island of Tasmania south of the 
mainland. Explain that Tasmania is part 
of Australia. Point out the various seas 
and straits surrounding Tasmania. Then 
display another, smaller-scale map of only 
Tasmania, to show a more detailed view 
of the coastline. Lead a brief discussion 
in which you solicit observations from 
students and encourage them to engage 
with each other. Ask:

• How would you describe the coastline of 
Tasmania? (It is very jagged and uneven, 
especially on the eastern side. There 
are many bays and inlets, as well as 
peninsulas jutting out into the sea. There 
are also a number of smaller islands not 
far off the coast of the main island.)

• Based on this map and the Chapter 
Opener photo, how do you think the 
surrounding seas have shaped the 
coastline of Tasmania? (Sample answer: 
Waves have probably eroded the 
mountains along the coastline over time. 
The sea has probably flooded low-lying 
areas, resulting in bays, inlets, and 
islands.)

C H A P T E R  1 6  O C E A N S  A N D  COA ST L I N E S496
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393CHAPTER 12 ASSESSMENT

P E R F O R M A N C E  TA S K

1. Look at the picture of the confluence of these two 
rivers. The Missouri River is known for its high 
sediment load. Which river do you think is the 
Missouri? Why?

2. Given what you know about stream flow, how do 
you think the Mississippi and the Missouri might 
differ in terms of velocity, gradient, discharge, and 
channel characteristics?

3. Research the elevation of the headwaters of the 
Missouri, the headwaters of the Mississippi, and 
the city of St. Louis. Which river has the greatest 
change in elevation as it flows to St. Louis?

4. Gradient depends on distance traveled as well as 
change in elevation. Which river has the steeper 
gradient?

5. The USGS uses river monitoring equipment to 
collect real-time data about the discharge rates 
at thousands of points across the United States. 
To compare the discharge of the Missouri and 
the Mississippi, go to https://waterwatch.usgs.
gov/ and select “Current Streamflow” from the 
navigation menu. Find data for monitoring stations 
just upstream of the confluence. For example, 
Grafton, Illinois, provides discharge data for the 
Mississippi, whereas Labadie, Missouri, provides 
discharge data for the Missouri.

 How do the discharge data compare? Do they fit 
your predictions based on the high sediment load 
of the Missouri? Why do you think discharge data 
might not fit your predictions?

Comparing and Contrasting Mississippi and Missouri Rivers
The Mississippi and Missouri Rivers are the two longest rivers in the United States. 
Together, the two rivers have a drainage basin covering an area from Montana to 
Wisconsin. The Mississippi and Missouri meet just north of St. Louis, Missouri. 

In this performance task, you will use what you know about stream flow to 
hypothesize which of two rivers has a greater discharge rate, then analyze data to 
determine whether your hypothesis is correct.
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filled, logged, or mined. The introduction of non-
native invasive species or toxic levels of pollution or 
nutrients continues to cause widespread wetland 
degradation. Natural wetland loss can also occur by 
sea-level rise, drought, and erosion by large storms.

According to the U.S. Environmental Protection 
Agency, over the past several centuries about 
900,000 square kilometers of original U.S. wetlands 
have been degraded or destroyed. This is an 
area larger than Texas and Oklahoma combined. 

FIGURE 15-10  
(A) The map shows a comparison of wetlands density in the coastal watersheds of the 
Atlantic, Gulf of Mexico, and Great Lakes in 2004. (B) The graph shows wetlands gains 
and losses in these three watersheds between 1998 and 2004.

Source: NOAA Source: NOAA

DATA ANALYSIS Compare Wetland Gains and Losses

The extent and density of wetland areas in the United 
States vary from region to region due to natural 
conditions and human activities. Wetland density also 
varies over time as conditions change. The map in 
Figure 15-10A shows a snapshot of wetland density 
in three watersheds of the eastern United States in 
2004. The bar graph in Figure 15-10B shows losses 
and gains to wetlands in the same areas from 1998–
2004. Examine the map and the graph and then 
answer the questions.
1. Summarize Describe the trends shown in the 

graph. Which areas have the greatest gains? 
Which have the greatest losses? Overall, was 
there a net gain or a net loss of wetlands?

2. Infer What are possible causes of differences 
in the wetlands gains and losses and density of 
these three areas?

Computational Thinking 
3. Infer If current trends continue, how do you think 

the map will change in the future?
4. Recognize Patterns Draw a connection between 

the gains and losses of wetlands and the density 
of wetlands in the three areas: Atlantic, Gulf, and 
Great Lakes. 

Data Challenge 
  Go to the Data Analysis in MindTap to complete 

the data challenge.
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Lessons in the Teacher’s 
Edition include 3-Dimensional 
support for TEKS. 

Hands-on activities 
including Minilabs 
and Data Analysis 
activities prepare 
students for the 
end of chapter 
Performance Task.

Lesson Design

ENGAGE

Explorers At Work
Explorer Video Series
On Assignment Photo 
Lessons
3D Lesson Design
Real World Issues & 
Phenomena
Student-Generated 
Questions

EXPLORE/EXPLAIN

Chapter Case Study
Lesson Activities
Video Library

ELABORATE

Data Analysis Activities
Tying It All Together
Hands-On Labs
Chapter Investigations

EVALUATE

Lesson Checkpoints
Formative Assessments
Summative Assessments
Chapter Performance Tasks

C H A P T E R  1 6  S U M M A RY

E L A B O R AT E
C O O P E R AT I V E  ST R AT E GY
Inside-Outside Circle Facilitate a 
collaborative activity in which students 
identify connections between the chapter’s 
Key Questions and each of the bulleted 
points in the Chapter Summary. Arrange 
students in two circles so that each student 
in the outer circle is paired with a student 
in the inner circle. Allow a few minutes 
for partners to read and discuss the Key 
Question for Lesson 16.1. Students in the 
outer circle should ask questions, and those 
in the inner circle should answer. After a few 
minutes, have the inner circle rotate one 
place to the right, forming new partnerships. 
The new pairs should discuss the next 
lesson’s Key Question, with the inner and 
outer circles switching roles. Continue in this 
fashion as time allows, rotating positions 
and alternating roles. If pairs encounter 
points where they are unclear about the 
chapter content, have them record their 
questions. Take time to review questions 
and reteach the content if necessary.

E VA LUAT E
C H A P T E R  1 6  P O ST T E ST
Use the Chapter Posttest to assess student 
mastery of the chapter’s learning objectives. 
Use the following table to help you evaluate 
any gaps in knowledge and identify topics 
that may need reteaching or remediation.

Remind students of the chapter’s 
anchoring phenomenon of seawater 
interacting with the coastline. Again, 
display the Chapter Opener photo of 
a surfer riding a gigantic wave off the 
coast of Tasmania. At this point, students 
have learned a great deal about the 
phenomenon. Invite students to share 
their insights and observations about 
forces that influence the ocean. Have 
them give their explanation for the 
phenomenon and cite evidence from the 

Chapter Summary or elsewhere in the 
chapter to support their explanations.
Student-Generated Questions Point out 
the three student-generated questions 
from the beginning of the chapter. Ask: 
Have your questions been answered? If so, 
how? If not, what more information do you 
need? Have students discuss the answers 
to their questions. Encourage them to 
cite specific evidence from the Chapter 
Summary or elsewhere in the chapter.

R E V I S I T  T H E  A N C H O R I N G  P H E N O M E N O N

Posttest 
Questions Lesson Topic
1 16.1 Earth’s Oceans
2 Temperature
3 16.2 Tides
4 Wind and Sea Waves
5 16.3 Forces Affecting 

Surface Currents
6 Multiple topics
9 Surface Currents
7 16.4 Weathering and 

Erosion on the 
Seacoast

8 Sediment Transport 
Along Coastlines

10 Coastal Emergence 
and Submergence

11 16.6 Plankton
12 Coral Reefs
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Earth Systems, Texas Edition is designed with 3-Dimensional 
lessons that are based on a phenomenon introduced in each 
chapter. These teaching strategies help students prepare for 
3D assessments including TEKS.

The Teacher’s Edition 
provides support for 
introducing a 
phenomenon for each 
chapter, connecting to 
the phenomenon 
throughout the chapter, 
and revisiting it at the 
end of each chapter.
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DIGITAL RESOURCES ENHANCE THE 
EARTH SCIENCE STORY

A series of videos featuring National Geographic Explorers builds upon the 
story and phenomenon in each chapter. These exclusive videos provide 
key content and vocabulary, while also inspiring students with stories of 
Explorers and their methods for solving problems.

Video Library and eBook Resources

ReadSpeaker 
reads text aloud 

at varying speeds 
and voices

Video links 
embedded at 
point of use for 
easy viewing

Interactive 
vocabulary 

with pop up 
definitions 

Embedded 
assessment 
checkpoint 

questions with 
instant student 

feedback  

Clickable figures 
and images for 
larger viewing 
with zoom feature 

All videos are compiled into 
an easily accessible library 
for each chapter.

3   Visit NGL.Cengage.com/TX-Science to learn more.

http://NGL.Cengage.com/TX-Science


Connect Earth Science lessons to careers in a 
wide variety of science and non-science fields, 
and to many other high school disciplines.

Skills introduced in Earth Systems, Texas Edition cultivate problem-solving and critical 
thinking that is needed for success in college and careers. Students make claims 
using evidence to build communication and group-work skills needed beyond high 
school. National Geographic Explorer features provide insight into science careers.

PREPARE STUDENTS FOR 
COLLEGE AND CAREER

323

  Marcello Calisti examines part 
of the robot developed for the 
SILVER project. This robot walks 
on the seafloor with four legs. 
The top portion of the robot is 
shown in this photograph.

Dr. Calisti developed a soft 
robot with arms like an octopus. 
It’s called PoseiDRONE.
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351CHAPTER 11 ASSESSMENT

why you think these tools are not suited to deep-
sea exploration. Then identify any technological 
innovations that are being used or could be developed 
in the future that could advance deep-sea exploration.

30. Is the rock on volcanic islands more similar to the 
rock on the seafloor or the rock on the continents? 
Explain your reasoning.

31. Dams can be placed on rivers in order to divert 
water to do useful work, such as generating 
electricity and irrigating fields. How do you think the 
construction of a dam would affect the evolution 
of submarine canyons and fans downstream of the 
rivers? Explain your reasoning. 

Think Critically
Write a response to each question on a separate 
sheet of paper. Use concepts from the chapter to 
support your reasoning. 
28. In 2012, scientist Conel Alexander analyzed the 

chemical composition of comets in our solar system 
and found that it differs from that of rocks on 
Earth that formed from ancient bolides. Does this 
evidence support or weaken any current hypotheses 
about the source of Earth’s water? Explain.

29. Sampling and remote sensing tools such as the 
rock dredge and the echo sounder are not useful for 
exploring the deepest parts of the seafloor. Explain 

P E R F O R M A N C E  TA S K

Seafloor Features Model
In this chapter, you have learned about the origin 
of Earth’s ocean basins, the sampling and remote 
sensing techniques that oceanographers use to 
study and map the seafloor, and the major types 
of geologic features of the seafloor. 

In this performance task, you will work with a 
partner to create a slideshow or a stop-motion 
animation video to share what you have learned 
with the class.
1. Review the different seafloor features you learned 

about in Lessons 11.3 and 11.4. With a partner, 
choose one of these features to model.

A.  Using your textbook and other resources, 
research how this seafloor feature changes 
over time. Make sure to document how it 
forms, what variables are required for its 
formation, how it changes over time, and 
what factors cause these changes. Consider 
factors such as tectonic forces, volcanism, 
weathering, and erosion.

B.  Create a slideshow or stop-motion animation 
video to model how the feature evolves over 
time. You may draw pictorial models or use 
clay to form physical models of the feature. 
In your model, demonstrate how the feature 
develops and changes. Accompanying your 
slideshow or animation, include text to 
explain how it is affected by the environment.

26. Identify each seafloor feature labeled with a letter in 
the illustration.

27. Describe the processes involved in the formation of 
submarine canyons and submarine fans.
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Students meet dozens of National 
Geographic Explorers as inspiring 
figures for careers in science

Critical Thinking 
exercises appear 
throughout the chapter 
and with each Explorer 
feature to extend 
student knowledge.

Students practice 
problem-solving skills 
during hands-on projects 
and Performance Tasks.
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The print and digital 
resources guide teachers 
through Unit and Chapter 
planning to prepare 
students for 
3-Dimensional skills, 
practices, and student 
expectations including 
lessons built on the 5E 
model, phenomena, and 
differentiated instruction 
to meet the needs of all 
students.

Additional downloadable 
resources include lecture 
slides, chapter summaries 
in English and Spanish, 
and assessments including chapter pre- and 
post-tests and the Cognero customizable 
assessment generator.

COURSE SUPPORT AND TEACHING TOOLS

Each chapter section includes formative 
assessment that increase Depth of Knowledge 
while end of chapter assessments review key 
terms and concepts (available in print and digitally).

All hands-on 
activities from 
Minilabs to Data 
Analysis include 
assessment 
questions while 
Rubrics for all 
Performance 
Tasks measure 
student 
3-Dimensional 
practices.
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C H A P T E R  7  A S S E S S M E N T

CHAPTER 7 PL ATE TECTONICS224

Review Key Concepts
Answer each question on a separate sheet of paper 
to demonstrate your understanding of key concepts 
from the chapter. 
12. Use a model to explain the role of convection in the 

movement of tectonic plates.
13. Identify the similarities and differences between the 

lithosphere and the asthenosphere.
14. Explain the evidence for seafloor spreading that was 

discovered using magnetometers in the mid 1900s.
15. Describe how mud and fossil deposits support the 

hypothesis of seafloor spreading.
16. Explain how the different properties of basaltic and 

granitic rock result in rift valleys.
17. Identify each type of plate boundary shown.

Review Key Terms
Select the key term that best fits the definition. Not 
all terms will be used, and no term will be used 
more than once.

asthenosphere
continental drift
continental rifting
convection
convergent boundary
divergent boundary
isostasy
magnetic reversal
mantle plume

Mid-Ocean Ridge
normal magnetic 

polarity
plate boundary
plate tectonics
seafloor spreading
subduction
supercontinent
transform boundary

1. a theory stating that the lithosphere is segmented into 
several plates that move about relative to one another 
by floating on and sliding over the upper mantle

2. the hypothesis that segments of oceanic crust are 
separating at the Mid-Ocean Ridge

3. the hypothesis proposed by Alfred Wegener that 
Earth’s continents were once joined together and 
later split and drifted apart

4. the upward and downward flow of fluid material in 
response to density changes produced by heating and 
cooling, which occurs slowly in Earth’s mantle and 
much more quickly in the oceans and atmosphere

5. a relatively small rising column of mantle rock that 
is hotter than surrounding rock

6. the concept of balance between gravity and 
buoyancy that causes the lithosphere to float on the 
asthenosphere at different elevations

7. the process in which two lithospheric plates of 
different densities converge and the denser one 
sinks into the mantle beneath the other

8. a change in Earth’s magnetic field in which the north 
magnetic pole becomes the south magnetic pole 
and vice versa, which has occurred on average every 
500,000 years over the past 65 million years

9. a magnetic orientation the same as that of Earth’s 
current magnetic field

10. an undersea mountain chain that forms at the 
boundary between divergent tectonic plates within 
oceanic crust

11. the portion of the upper mantle just beneath 
the lithosphere, extending from about 100–350 
kilometers below the surface and consisting of weak, 
plastic rock where magma may form
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The Teacher’s Edition includes support 
for reaching all students including 
English Language Learners, Students 
with Disabilities, Gifted and Talented, 
Girls, and others.

Assessment in a Variety of Formats

   Visit NGL.Cengage.com/TX-Science to learn more.

http://NGL.Cengage.com/TX-Science


Earth Systems, Texas Edition is 
one of several solutions available 
for earth and space-related 
courses. Extend student learning 
with these additional options.

“National Geographic,” “National Geographic Society,” and the Yellow Border Design are registered trademarks of the 
National Geographic Society ®Marcas Registradas. AP® is a trademark registered and/or owned by the College Board, 
which was not involved in the production of, and does not endorse, this product.
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Get the power of National Geographic for all your core 
and on-level science needs. See our other high school 
solutions for a true National Geographic experience.
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