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The two books below are optional read-aloud books that complement this unit. These books can be purchased 
as a book pack by going to goodandbeautiful.com/science and clicking on the Water and Our World unit link.  

Famous Floods 
By Shannen Yauger

Wonderful Waterfalls
By Molly Sanchez

READ-ALOUD BOOK PACK
(OPTIONAL)

CORRELATED BOOKS
The Good and the Beautiful Library has several books that correlate well with this unit. It can be a wonderful experience 
for children to read books on their levels related to the subjects they are learning in science. These book selections 
contain both fiction and nonfiction books and are organized according to reading level. Find the Correlated Books at 
goodandbeautiful.com/science on the Water and Our World science unit product page.
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How the Extensions Work
Each lesson has an optional lesson extension for 
children in grades 7–8. Complete the lesson with all the 
children, and then have the older children complete 
the self-directed lesson extension. These extensions are 
generally located at the end of the lesson, though some 
are combined on a page, and you will need to turn back  
to them. 

Answer Key
The answer key for the lesson extensions can be found by 
going to goodandbeautiful.com/science and clicking on 
the Water and Our World unit.

Flexibility
The amount of time it will take to complete each lesson 
extension will vary for each child. The average time is 
about 10–15 minutes per extension. Parents/teachers 
and children may choose to omit parts of the lesson 
extension if desired. Encourage the children to stretch 
their capabilities, but also reduce work if needed.  

Science Journal
The extension pages are non-consumable. The children 
will do their work on separate sheets of paper and insert 
them into their science journal binders along with any 
science journal pages done during the lessons. 

Children are encouraged to take ownership of their 
science journals and put forth effort to make the journals 
visually appealing. The journals will be something the 
children can treasure. The children should use color and 
illustrations where possible. 

Taking Notes
Some of the grades 7–8 lesson extensions have the 
children summarize the material they have read. Teach 
the children to look for key information, summarizing the 
most important points. Children can also add notes with 
their thoughts and the facts that are most interesting to 
them.

Optional Grades 7–8 Reading Book
We recommend The Water Questions & Answers Book 
by Anthony Klemm as extra reading for children in 
grades 7–8. This book can be purchased by going to 
goodandbeautiful.com/science and clicking on the Water 
and Our World science unit product page. 

LESSON EXTENSIONS INFORMATION
GRADES 7–8
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at universities opened their doors to women to fill their 
empty lecture halls. Marie jumped at this opportunity 
and soon graduated with degrees in geology and 
mathematics.

Although she held an advanced degree in science and had 
practical experience as a field scientist in the petroleum 
industry, she had a hard time finding a research position 
working at a university. She was finally hired, not as 
a scientist but as a technical assistant, at Columbia 
University in New York City, where she started working with 
fellow geologist Bruce Heezen.

Bruce had started collecting ocean depth data on long 
research cruises. Unfortunately, women were not allowed 
on ocean research cruises back then. Bruce would send 
the raw data back to Marie, and with her help they turned 

the long lists of numbers into beautifully 
drawn maps of the seafloor. What they 
discovered truly surprised them. For a 
long time, most people believed that the 
seafloor was a vast, boring, flat expanse 
of mud. They found that it was actually 
quite the opposite! Each new data 

set from ocean research ships crisscrossing the ocean 
revealed more of the spectacular features of the seafloor.

One of the most important discoveries was the existence 
of the Mid-Atlantic section of the Mid-Ocean Ridge 
system. This revelation went against the accepted 
understanding at the time that Earth’s crust was 
unmoving, or static. For a long time, many scientists 
rejected Marie’s views. Despite these challenges 
Marie never gave up. As a final testament to their 
groundbreaking work, in 1977 Marie published a map of 
the ocean floor shortly after Bruce Heezen passed away. 
Today, Marie Tharp is remembered as one of the leading 
experts and pioneers in ocean mapping and is a great role 
model for anyone willing to work hard to reach his or her 
goals.

Marie Tharp—Ocean Pioneer

When she was younger, Marie Tharp never imagined 
she would become one of the greatest minds in ocean 
mapping or revolutionize our understanding of how the 
tectonic plates that make up the earth’s crust move 
and split and collide. As a college freshman, becoming 
a scientist seemed like an absolute impossibility, yet 
her beautiful, hand-sketched maps created a firestorm 
in the academic community that challenged the very 
foundations of geology.

Marie was born in Ypsilanti, Michigan, USA, in the summer 
of 1920. She grew up in a family that was always on the 
move because of her father’s job. 
William Tharp, Marie’s father, 
worked as a soil scientist and 
surveyor who helped farmers by 
mapping where the most fertile soil 
was located. Marie’s father often 
invited her to help him in his work, 
which helped foster a love of maps early in her life.

When it was time for Marie to go to college, she had 
a hard time deciding what to study. Back then it was 
challenging for women to study and work in science, a 
field which was dominated by men. Driven by her love 
of reading, she graduated from college with degrees in 
music and English in 1943, but tragic global events in 
Europe and Asia changed her life forever.

Because the United States entered into World War II, 
life changed drastically for many women who were 
left at home. They stepped up to fill roles traditionally 
thought of as men’s work, such as working in factories 
and manufacturing plants to build equipment to support 
the war effort. Many science and technology programs 

“I guess I had map-making in my blood, though I  
hadn’t planned to follow in my father’s footsteps.”

Instructions: 

1. Read the information below. 
2. In your science journal, write one or two sentences for each of the following prompts:

a. What challenges did Marie face on her path to becoming a leader in ocean mapping?
b. How did Marie Tharp’s hard work in ocean mapping change our understanding of plate 

tectonics and continental drift? 

10  © Jenny Phillips
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The Search for the Lost Malaysian Flight 

MH370
The need for better ocean maps was made clear during the 
international search for Malaysian Flight MH370, which 
disappeared from the sky somewhere west of Australia 
in 2014, with 239 people on board. To detect an object 
the size of a large passenger jet in the deep and remote 
Indian Ocean, even the data collected from ships using 
the most advanced type of sonar are not detailed enough 
because ships are too far away from the seafloor. This 
type of search requires the use of underwater robots that 
can take detailed sonar images closer to the bottom. To 
safely perform the search without accidentally running 
into the side of an uncharted seamount, the underwater 
robot needs an accurate map of the search area before it 
can start. 

The search teams had to get creative. They had to first use 
the sonar on the ship to map the area. This information 
helped them safely navigate their autonomous underwater 
vehicles, or AUVs for short, closer to the seafloor. Some of 
the AUVs could even communicate back to smaller boats at 
the surface using a new type of underwater wireless modem 
similar to Wi-Fi. After months of searching and over 120,000 
square kilometers (46,332 square miles) mapped, the final 
resting place of the airplane remains a mystery.

The Future of Ocean Exploration
There remains so much of the ocean to discover. New 
marine species are routinely discovered during deep-sea 
excursions. Underwater volcanoes, ancient shipwrecks, 
hidden canyons, and valuable mineral deposits are just 
waiting to be studied.

Our imagination is our only limit to the future of ocean 
exploration. Just think, maybe one day you will find 
yourself working in an undersea laboratory, managing the 
operation of hundreds of undersea robots exploring the 
unknown depths of our ocean. The future is bright. 

Ocean Exploration and 
Technology
Exploring new places is in our very nature. We have 
explored the remotest jungles, climbed the highest 
mountains, 
stepped foot on 
the moon, and 
sent robots to 
crawl around 
Mars. Yet, our 
own oceans 
remain mostly unknown.

Our oceans cover over 70% of our planet, but we have 
more detailed maps of the surfaces of the moon, Venus, 
and Mars. Why is this? Why are we eager to reach beyond 
our skies to worlds beyond our own when so much of our 
home planet remains a mystery? 

One reason is the limits of our existing technology. By 
using satellites that use radar to see through thick 
clouds, like the atmosphere of Venus, we can create 
detailed, three-dimensional maps of a planetary surface. 
The oceans, however, remain mostly impenetrable by 
this technology. Mapping the ocean remains a slow and 
tedious process. We have mapped only 20% of the ocean 
with detail, comparable to our maps of Mars.

The existing ocean maps, including high-tech updates to 
the works of the famous ocean mapping team of Marie 
Tharp and Bruce Heezen, tell an incomplete story of the 
shape of our seafloor. Although satellites cannot see 
through the deep waters of the ocean, some can detect 
seamounts by measuring how gravity causes large lumps 
on the ocean surface. This technology can only find 
seamounts larger than, on average, 8 kilometers (5 miles) 
wide. There are thousands of seamounts and important 
underwater features that remain undetected.

Instructions: 
1. In your science journal, follow the prompts below:

a. Using your imagination and the information in this article, make a sketch of your 
ideal ocean exploration system or vessel. 

b. Diagram how your system or vessel works. For example, how does it collect samples, 
communicate, and overcome the immense pressure, darkness, and remoteness of 
the deep ocean? Is the system operated by humans or autonomous robots?

18  © Jenny Phillips
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reservoirs to ensure a steady supply of running water to 
their cities. The mountaintop Incan city of Machu Picchu 
in Peru had 
a system 
that stored 
enough of the 
springtime 
snowmelt 
from nearby 
springs to 
supply the 
town with 
clean water when the springs stopped running in the dry 
season.

Aqueducts are still used today to supply water to large 
cities that have outgrown their local water sources. Los 
Angeles, California, built gravity-fed aqueducts starting 
in 1913. These new aqueducts became controversial when 
the inhabitants of outlying areas, most notably an area 
called Owens Valley located more than 321 kilometers 
(200 miles) from Los Angeles, started noticing their lake 
was slowly disappearing. That lake eventually dried out 
completely in 1926.

Today, it’s easy for many of us to take fresh, running 
water for granted, but millions of people around the world 
still have limited access to fresh water. The next time you 
turn on the 
faucet for 
a cool glass 
of water, be 
grateful for 
this precious, 
life-giving 
gift from God.

Moving Water—Ancient 
and Modern Aqueducts
The citizens of the ancient city of Rome knew they had 
a problem when their single water supply, the muddy 
Tiber River, couldn’t keep up with the city’s ever-growing 
demand for fresh water. Carrying water from springs and 
rivers miles away in the surrounding hillsides was out of 
the question. Water is heavy and hard to transport but 
readily flows downhill. With creativity and ingenious 
engineering, the ancient Romans used gravity as their 
friend to supply the city’s fountains, public baths, and 
underground sewage system with ever-flowing clean 
water. Their solution was to build aqueducts—a system 
of pipelines, channels, and arched bridges used to bring 
water from one place to another.

The most iconic remnants of ancient Roman aqueducts 
are the dramatic arched structures used to span the 

length 
across a 
valley. 
Ruined 
arched 
structures 
still 
crisscross 
the 
European 

countryside, but most of the lengths of the aqueducts 
were simply buried pipelines made of clay or lead. They 
innovated the use of inverse siphons to push water 
uphill. The Romans applied this principle of physics to 
create enough pressure in the pipes using gravity on the 
downward slope of a hill to push the water up the next 
hill, as long as the second hill was not as tall as the first. 

Romans were not the only ancient civilization to 
build aqueducts. The ancient Incas in South America 
engineered an elaborate network of aqueducts and 

Instructions: 
1. In your science journal, follow the prompts below:

a. Rome is famous for its numerous ornate fountains. Sketch a diagram to explain 
how gravity alone can make a Roman fountain continuously flow, even if the pipes 
feeding the fountain are underground. 

b. With a parent’s help, write one or two sentences that explain the source of fresh 
water in your home. Does it come from a local river?

21  © Jenny Phillips
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The Shapes of Rivers
You can tell a lot about the shape of the 

land by looking at the nearby rivers. Even 
the largest rivers, like the mighty 

Columbia shown on this page, start 
off as a single stream. In this case 

it starts in Canada’s Rocky 
Mountains. 

Head- 
waters

A river begins 
at high elevation 
and flows downhill 
toward the ocean. At its beginning, the river starts with 
its headwaters. Headwaters can be melting snow in 
the mountains, many small streams flowing together, 
swampland, or springs rising up from underground water. 

Tributaries

When two rivers meet, they come together to form a larger 
river. Smaller rivers and streams that flow into a river are 
called tributaries. An example of a large tributary is the 
Rio Negro in Brazil. By the time it flows into the Amazon 
River near the city of Manaus, it is already one of the ten 
largest rivers in the world, as measured in river discharge. 

Drainage Basins

The area that drains into a river system is called a 
drainage basin. The boundary between two drainage 
basins is called a divide. Divides usually occur at 
the ridge of a hill or mountain. In North America the 
continental divide is the imaginary line in the Rocky 
Mountains that separates drainage basins that flow into 
one ocean or another. On the west side of the divide, all 
rivers empty into either a lake or the Pacific Ocean. On 
the east side of the divide, all streams and rivers empty 
into the Gulf of Mexico or the Atlantic Ocean.

Meandering 
Rivers

The paths of some rivers 
are ever-changing, such as 
the Syr Darya River in Kazakhstan 
shown in the image at the bottom of the 
page. This happens when the outer bank of a 
curved river is eroded by rapidly moving water while 
slow-moving water deposits sediments along the 
inner bank. This effect makes the river flow in ever-
widening loops called meanders. Eventually, erosion may 
cut a straighter path for the river, cutting off a meander. 
The water in the cut-off meander is called an oxbow lake. 

Deltas and Distributaries

The place where a river ends is called the 
mouth. The mouth of the Yukon River forms 
a delta as it empties into the Bering Sea in 
Alaska. Deltas are formed from the sediment 
the river naturally carries downstream. 

As the river meets the sea, it slows 
down and fans out, creating 

multiple channels called 
distributaries. Deltas can 

be rich farmland and 
wildlife habitats. 

28

Instructions: 

1. Read the information below. 
2. In your science journal, write 1–2 sentences about each of the following prompts:

a. Explain how an oxbow lake is formed. What happens to the path of the river?
b. Explain what the continental divide is in the United States and where it is.

28  © Jenny Phillips
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How is making nautical charts today different than it was during the Yukon and Klondike 
Gold Rush more than 100 years ago?
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The all-water route up the Yukon River was the preferred 
option to resupply the boomtowns that sprang up along 
its banks, but because of the lack of nautical charts at 
the river entrance, many ships ran aground and were lost. 
Responding to an urgent request for a safe route at the 
entrance to the Yukon River, the US Coast and Geodetic 
Survey (USC&GS), the predecessor to the National 
Oceanic and Atmospheric Administration (NOAA), sprang 
into action.

Carrying some of the most adventurous and daring 
scientists of the time, the ship USC&GS Thomas R. Gedney 
found its way to the Yukon River mouth and immediately 
started mapping. Measuring the depths of the seafloor 
and the position of the coastline was a complicated 
process. Each depth was measured by lowering a weighted 
rope, called a lead line, into the sea until it touched the 
bottom. Along with the depth, locations were recorded 
by triangulating their positions using sextants and 
landmarks onshore. Tide stations were set up in the area 
to measure the heights and frequencies of high and low 
tides. Finally, all the depths were corrected based on 
the height of the tide at the time of the observation. All 
this information was put together to create maps called 
nautical charts. 

The Klondike Gold Rush seemed to end as fast as it 
started. Still, maritime transportation remains vital 
to the small communities that live on the banks of the 
Yukon River, the third-longest 
river in North America. To 
update the nautical charts 
at the entrance to the river, 
today’s surveyors use satellite 
imagery, computer modeling, 
and specialized sonar sensors 
to notate the safe routes for navigating the mouth of the 
river. Using this type of remote-sensing technology, they 
are monitoring the changes to the river year by year.

Mapping the Yukon River
Between 1896 and 1900, thousands of hopeful prospectors 
flooded the rugged Klondike region of Canada in search 
of gold. It is estimated that around 10,000 people 
attempted the trek to the Klondike, but less than 
half ever made it to their 
destination.

The remoteness of the mining 
areas was a significant 
problem for the prospectors. 
There were three main routes 
to the Klondike: a trek across the Canadian 
wilderness, an overland route that required a hike 
through the Chilkoot or White Pass in Southeast Alaska, 
and an all-water route up the Yukon River.

All options were complicated. The gear and supplies 
required for mining were bulky, and each person was 
required to carry his or her own load. Hauling supplies 
over the rugged mountain landscape, as in this image 
to the right, proved 
dangerous, and many 
perished or turned back 
before ever seeing an 
ounce of gold.

The all-water route 
up the Yukon was also 
treacherous. First, it 
required a ship to cross 
the Gulf of Alaska, a region notorious for its violent 
storms. Second, it passed through the chain of Aleutian 
Islands by way of the Unimak Strait, braving its shifting 
currents. Lastly, the ship entered the uncharted mouth 
of the Yukon River, which is riddled with shallow banks 
and sandbars that are shrouded underneath the muddy 
waters.

36  © Jenny Phillips



Lesson 6 | Grades 7–8

EXTENSION

Unit NameWater and Our World 46

Density of Ice

As winter comes, lakes and rivers sometimes freeze over, but, 
instead of freezing completely through, only the surface of 
the water turns to ice. The reason this happens is because 
water doesn’t act like most other substances near its freezing 
point.

When most substances get cold enough to turn from a liquid 
to a solid, they become denser, meaning their molecules are 
packed closer together. A very special property of water is 
that it does the opposite. Instead of becoming more dense 
when it freezes, water expands about 9% of its volume. That’s 
why ice floats in liquid water. When ice forms across the top 
of a body of water, it also helps to prevent the water from 
continuing to freeze, especially if it is covered in snow. This 
barrier protects the plant and animal life in the water. Without 
all the aquatic plants and animals, and all the ecosystems 
they help support, life on Earth would look vastly different.

Density of a Warming Ocean

Water is great at regulating temperatures. It takes massive 
amounts of energy to warm our ocean just a few degrees. 
Oceans also take longer than the land to cool down. That is 
why the climate of coastal communities tends to be more 
temperate than in the middle of continents. Our oceans work 
with the atmosphere to circulate heat from the tropics toward 
the poles. Over the past 100 years, the average global sea 
surface temperature has been increasing at a rate of around 
0.13 °C (32.23 °F) every 10 years. 

Because liquid water decreases in density as it warms, this 
increase in ocean temperatures has caused the water to 
expand, which has raised sea levels on coastlines around the 
world. The expanding water combined with melting glaciers on 
land have already created problems for some low-lying coastal 
towns that are now dealing with flooding problems during high 
tide, which they hadn’t experienced before.

The Density of Water
Water is an extraordinary substance. All 
known life depends on liquid water to survive. 
That’s why astrobiologists, scientists who 
look for alien life on planets other than Earth, 
search for stars that have planets orbiting 
close enough (but not too close) to support 
liquid water on their surfaces. They think that 
if there is another planet with liquid water on 
its surface, it may be able to support life. 

In this activity we will investigate the density of water 
at different temperatures. How the density changes with 
temperature has a major effect on life on Earth.

The graph below shows the density of water at different 
temperatures. Study the graph and notice three important 
facts:

 q When water freezes at 0 °C (32 °F), the density drops 
drastically from nearly 1 gram per milliliter (g/mL) to 
around 0.92 g/mL.

 q As liquid water warms, it expands, becoming less dense 
than cold water.

 q Liquid water is most dense at 4 °C (39 °F), not at 0 °C.
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Instructions: 

1. Read the information below. 
2. In your science journal, write 1–2 sentences about each of the following prompts:

a. If ice sank instead of floated on water, how would that affect your local ecosystem?
b. How does the increasing temperature of the ocean affect sea levels?

46  © Jenny Phillips
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can complete the journey in less than eight hours, but a sailing 
ship in colonial times could take up to a month. 

Because their economy was heavily based on maritime trade, 
speeding up shipping times was very important to businesses, 
farmers, and anyone waiting for a letter from their loved 
ones across the sea. Benjamin Franklin heard from a group 
of sailors from Nantucket, a small New England island, that 
claimed they knew how to cross the Atlantic in a relatively 
short time compared to the 20 to 30 days it took most 
captains. 

Working with the Nantucket sailors, Benjamin Franklin 
commissioned a chart showing the location of what he called 
the “Gulph Stream.” The sailors were well acquainted with the 
location and speed of the current because they spent much of 
their time fishing and hunting for whales on its edges. Though 
he was not the first person to discover the Gulf Stream—the 
Spanish Explorer Ponce de Leon described it in his logbooks in 
the 1500s—Benjamin Franklin was the first to chart it for the 
benefit of all navigators. 

Mapping the Gulf Stream Today
Knowing the location of the Gulf Stream is just as relevant 
today as it was in the 1700s. Not only can the Gulph Stream 
slow down marine transportation, but it can also cause unique 
weather patterns that can pose dangers to unsuspecting 
mariners. The most dangerous section is the boundary 
between the Gulf Stream and the colder waters coming from 
the north. This area, called the North Wall, is mapped daily by 
satellites to warn mariners of the higher waves, wind, and fog 
that can occur there. If conditions are right, waves can be as 
much as 40% to 100% higher at the North Wall compared to the 
surrounding waters.

The Gulf Stream 
Benjamin Franklin is best known as a master statesman 
and inventor, but did you know he 
made significant contributions to 
oceanography as well? 

He was the first to make a chart of the 
Gulf Stream, a powerful, warm ocean 
surface current in the Atlantic Ocean 
that greatly affected the transit time 
of ships crossing the sea. The Gulf Stream is part of the 
global ocean circulation system that regulates the climate of 
Northern Europe by transporting warm tropical waters from 
near the Caribbean Sea and the Gulf of Mexico to the waters 
near Great Britain and Northwestern Europe.

Just like today, maritime shipping in Benjamin Franklin’s time 
was a big business. Sailing ships provided the crucial link 
between Europe and its colonies throughout the New World, 
but in the 1700s, crossing the Atlantic Ocean took a long time 
compared to modern times. For example, a modern cargo ship 
can cross the Atlantic in seven or eight days, and an airplane 

Instructions: 

1. Read the article below and answer the following prompts in your science journal.

a. Why did Benjamin Franklin create a chart of the Gulf Stream? How did that help the people 
living in North America?

b. Warm ocean currents start at the equator and are found on the western side of every large 
ocean basin. In the Northern Hemisphere, they flow north, and in the Southern Hemisphere, 
they flow south. Looking at the map titled “Ocean Currents” found in Lesson 7, write down 
the names of four other warm currents. Example: the Mozambique Current.

56  © Jenny Phillips
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meltwaters from glaciers and the thermal expansion of 
warming ocean waters have caused the ocean sea levels 
to rise around 21 cm (8 in) since 1900. Data from existing 
tide gauges and satellite measurements have shown that 
almost three of those eight inches have occurred since 
just the early 1990s, which shows that the rate per year of 
sea level rise has been increasing with time.

The term that combines the global sea level trends with 
local changes in land elevation, such as subsidence, is 
called relative sea level rise. Tangier Island is currently 
experiencing a relative sea level rise of around 4.4 mm/
year (0.17 in/year). That rate is expected to increase as 
global temperatures continue to rise. The slow pace of 4.4 
mm/year might not seem like much, but that adds up to a 
half foot of sea level rise every 35 years. Since the highest 
elevations of Tangier Island only reach 1.21 meters (4 feet) 
above sea level, every millimeter is precious.

Tangier Island isn’t the only place that is struggling to 
stay above rising waters. The historic city of Venice, Italy, 
is also experiencing a high rate of relative sea level rise. 
This has caused an increase in high-tide flooding events, 
as seen in the image below. Other terms for high-tide 
flooding are nuisance flooding and sunny day flooding.

Another striking example is the Mississippi River Delta in 
Louisiana. The wetlands that surround and protect the 
Mississippi River Delta are disappearing at breakneck speed. 
From 1985 to 2011, scientists have calculated that Louisiana 
lost a football field of land to the sea every hour. Here, the 
relative sea level rise is more than twice as much as Tangier 
Island at around 9.13 mm/year (0.35 in/year).

Sinking Land, Rising 
Oceans
What would you do if 
your town was slowly 
sinking into the sea? 
For the people living on 

Tangier Island, Virginia, that isn’t an abstract rhetorical 
question. Chesapeake Bay’s rising water level is gradually 
swallowing their beloved island. The island has already 
lost around two-thirds of its landmass since 1850. 
Scientists predict that the island, along with its historical 
churches, schools, restaurants, and homes, will have to be 
abandoned within the next 50 years. Tangier Island, which 
has been inhabited at least since colonial times and is 
famous for its catch of tasty blue crab, is located in a sea 
level rise hot spot. A sea level rise hot spot is caused by a 
combination of two factors:

• Subsidence

• Global sea level rise

Subsidence

Subsidence is when the land compacts and sinks. There 
are many causes for subsidence, both natural and human 
caused. Some common reasons for subsidence include 
the compaction of aquifer sediments from excessive 
groundwater pumping, earthquakes, erosion, and changes 
in the amount of sediment rivers deposit in a local area. 

In the case of Tangier Island, the rate of subsidence is 
around 2 mm/year (0.08 in/year). The sinking land is 
thought to be caused by a combination of groundwater 
pumping and the continuing effects from a meteor impact 
long ago.

Global Average Sea Level Rise

The other factor causing Tangier Island to disappear is 
global sea level rise caused by our warming planet. As 
the average global temperature continues to increase, 

Instructions: 

1. Read the information below. 
2. In your science journal, write 1–2 sentences about the following prompt: 

What is causing Tangier Island to disappear, and how long do scientists predict residents 
have before they will be forced to move?

64  © Jenny Phillips
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Water has an amazing ability to 
shape and change the landscape 
of our beautiful planet. Large 
glaciers and strong rivers carve 
deep gouges on the earth’s 
surface, and wind and rain can 
sculpt artful masterpieces in 

desert sandstone. Similarly, the dissolving power of 
groundwater can have a striking effect on an area’s 
landscape by hollowing out the underlying rock.

The spectacular formations caused by groundwater 
dissolving the underlying rock include massive 
underground caverns, collapsing sinkholes, and 
lofty pinnacles. These occur in areas known as karst 
landscapes, which are underlain with readily dissolvable 
limestone rock, named after the Karst region of Slovenia 
that borders Italy. 

On its own pure water cannot readily dissolve limestone. 
However, limestone is easily dissolved in the presence 
of an acid; in this case it is a weak acid called carbonic 
acid. Rainwater naturally contains small amounts of 
carbonic acid, which it picks up by mixing with carbon 
dioxide when falling through the sky and soaking through 
nutrient-rich topsoil. The process of dissolving limestone 
by slightly acidic groundwater is a type of chemical 
reaction that results in some bizarre and unexpected 
wonders.

Sinking Rivers

Imagine canoeing down a large slow-moving river through 
a lush forest, and suddenly the river seems to end, even 
though the water keeps flowing. You were likely traveling 
down a sinking river, and you found the location where the 
river starts flowing underground. 

A striking example of this is the Danube River in 

Germany. For almost half the year when river levels are 
low, the upper part of the river completely disappears 
underground, emerging miles later as another river called 
the Aach. 

Tower Karst

Another amazing 
karst landscape 
is made of tall, 
near-vertical hills 
and pinnacles. 
These hills are 
interconnected by 
extensive cave systems, such as the Batu Caves outside 
Kuala Lumpur, Malaysia, some of which are used for 
religious ceremonies. 

The towering hills in the Guangxi province of Southern 
China are one of the most famous examples of this unique 
landscape. It is a frequent destination for moviemakers 
looking to capture its majestic and natural beauty.

The Great Blue Hole

Another characteristic of karst landscapes is sinkholes. 
Sinkholes can sometimes form unexpectedly and can 

range between just 
a few feet to more 
than 50 feet deep. 
They occur when the 
underlying limestone 
is washed away by 
groundwater and the 

surface above it suddenly collapses.

The Great Blue Hole off the coast of the Central American 
country of Belize is a unique type of marine sinkhole. This 
popular diving location is found on a barrier reef and is 
more than 121 meters (400 feet) deep. 

Karst, Sinking Rivers, and the Great Blue Hole

Instructions: 

1. Read the article. In your science journal, take notes and illustrate them. 
2. The Great Blue Hole off the coast of Belize has stalactite and stalagmite formations that can 

form only in dry caves. In your journal, write how you think these were formed. Here are some 
questions to guide your thinking: Was the Great Blue Hole always underwater? How did it fill 
up with ocean water?
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before it is discharged back into the waterway, but those 
laws were not always in place.

The Cuyahoga River

Tragic events highlighted the need for these laws. One 
example comes from the US city of Cleveland, Ohio, which 
was built on the banks of the Cuyahoga River where it 
meets Lake Erie. The citizens of Cleveland knew they had 
a problem when the Cuyahoga 
River kept catching on fire. 
Large industrial factories, 
including the steel mills that 
were important to the city’s 
economy, used the river to 
carry away thousands of 
gallons of toxic waste.

Much of the discharge into 
the Cuyahoga River was oil, which tends to float on 
the surface of the water. The waste oozing out of the 
factories caught fire at least 13 times since the 1860s but 
most famously on June 22, 1969. The Cuyahoga River fire 
of 1969 was most likely caused by sparks coming from 

a train. These sparks also ignited an 
environmental movement in the United 
States. In 1970, the US Environmental 
Protection Agency was founded, and in 
1972, a law called the Clean Water Act was 
passed, which protects waterways from 
pollution. The cleanup of the Cuyahoga 
River has made so much progress since 
the 1969 fire that, in 2019, state scientists 
declared that it was safe to eat fish 
caught in the river.

Protecting Our Rivers
Have you ever noticed that many of the world’s major 
cities were built near or on the banks of large rivers? 
A few examples include Cairo, Egypt, on the Nile River; 
Shanghai, China, near the Yangtze River; and London, 
England, on the Thames River. Rome, Italy, was founded 
on the banks of the Tiber River, and Washington, D.C., was 
planned along the Potomac River.

Rivers are the lifeblood for millions of people in cities 
around the world. The founders of these major cities 
knew that living near rivers came with many advantages. 
Rivers provide conduits of transportation and commerce 
by connecting neighboring cities and granting access to 
the ocean for coastal and international trade. Farmers 
can tap into the water supply to irrigate their fields. Most 
importantly of all, rivers are a source of fresh drinking 
water, which is why it is so important to protect upstream 
springs and tributaries from pollution. One polluted 
stream can affect the health of a city’s population 
several miles downriver.

Most cities tend to 
take water for drinking 
from upstream and 
then discharge any 
wastewater, such as 
sewage and industrial 
waste, downstream 
to keep their drinking 
water as clean as 
possible. But what if 
there are multiple large cities along the same river? The 
cities downriver don’t want their drinking water polluted 
by the cities upstream. Thankfully, most governments 
today have strict laws and regulations that protect the 
health of rivers by making sure any wastewater is treated 

Instructions: 

1. Read the information below.
2. In your science journal, write 1–2 sentences on the following prompt:

What caused the Cuyahoga River to catch fire?
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Treating wastewater from sewage systems or industrial 
processes such as mining and power plants has 
traditionally been expensive and labor-intensive work. In 
looking for ways to improve their wastewater treatment 
processes, scientists and engineers turned to nature 
by constructing purpose-made wetlands. Constructed 
wetlands 
use the 
natural 
processes 
in the soil 
and aquatic 
plants to 
augment 
and even 
replace traditional wastewater treatment plants.

Some constructed wetlands are designed to flow vertically 
and typically have no standing water on the surface. 
These work well because they tend to reduce odors 
associated with wastewater, and they do not provide a 
ready breeding ground for mosquitoes. Other constructed 
wetlands are made to integrate into the local ecosystems, 
like in the image below of a constructed wastewater 
treatment wetland near Orlando, Florida. They use native 
plants and usually don’t require the import of special 
sands and soils. These are open-water wetlands that can 
support fish and native aquatic plants and provide safe 
habitats for birds and other animals. Some downsides 
to open-water constructed wetlands used in wastewater 
treatment include foul odors and the requirement of large 
areas of land.

Working with Nature—
Wetlands and Wastewater
Nature is expertly designed. We have been looking to 
nature for inspiration and learning from it since the 
beginning of human existence. We write about nature in 
poems and plays and try to recreate natural landscapes 
through paintings and sculptures. Engineers and 
scientists also look to nature to solve problems. For 
example, engineers use a technique called biomimicry to 
incorporate animal movement into their designs, such as 
building better robots or more aerodynamic bullet trains. 
Engineers have also turned to nature in their efforts to 
treat wastewater.

What is a Wetland?

Wetlands are natural areas where 
the soil is commonly saturated 
with water. In the past, many 
people thought of wetlands as 
useless and undesirable, which is 
why many have ominous names. 
However, scientists today understand how important 
wetlands are to the health and wellbeing of local 
ecosystems.

Wetlands are amazing. In addition to providing habitats 
for birds, fish, and aquatic plants, and reducing the 
threat of floodwaters to nearby towns, wetlands are 
capable of filtering out pollutants and even reducing the 
number of waterborne pathogens. The soil works to filter 
out solid pollutants. Bacteria and other microorganisms 
that live on the grains of soil and roots of plants help 
break down chemical pollutants and reduce the number 
of harmful pathogens. The aquatic plants, like reeds 
and cattails, trap and convert noxious pollutants, and 
sunlight shining on the shallow water can kill viruses and 
bacteria.

Instructions: 

1. Read the information below. 
2. In your science journal, write 1-2 sentences on each of the following prompts:

a. How do scientists and engineers use biomimicry to improve on their designs?
b. What are some of the advantages and disadvantages of open-water constructed 

wetlands that are used to treat wastewater?
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