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Soils that contain many rocks 
and large boulders may be 
expensive to dig out for 
development.

Section 8  Glaciers and the Landscape

Learning Outcomes
In this section, you will

• Make a mathematical model 
of an imaginary glacier.

• Calculate how the glacier 
would respond to hypothetical 
changes in climate.

• Understand the uses and 
limitations of models in Earth 
and space science.

• Understand the mechanics of 
how glaciers form and move.

• Discover that glaciers modify 
the landscape by erosion and 
deposition. 

• Model the action of glacial 
meltwater as it drains out of 
a glacier. 

• Establish that the movement 
of glaciers can change stream 
drainage patterns.

• Model the effects of a glacier 
infringing on a stream. 

• Apply what you have observed 
to determine whether glaciers 
have affected your community 
in the past.

Think About It
Glaciers are huge masses of ice that move very slowly across the 
land, changing the land’s shape as they move along. In Alaska, 
the largest glacier is the Tazlina Glacier. It is approximately 
40 km long. Scientists who study glaciers think about questions 
like the following: 

• What other materials might be in a glacier besides ice?

• How might the materials get into the glacier?

• How do glaciers change the landscape?

Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group 
and the class.

Investigate
In this Investigate, you will calculate the movement of a 
hypothetical glacier. This will help you to gain an understanding 
of the factors that affect the shape and movement of a glacier. You 
will also examine models that show the action of glaciers as they 
move over land. Your teacher may run some or all parts of this 
Investigate as a demonstration for the class.

Section 8 Glaciers and the Landscape
What Do You See?
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Part A: Modeling the Behavior 
of a Glacier

 1. In this part of the Investigate, as a 
glacial geologist, you are monitoring a 
glacier in Alaska. Assume the following 
about your glacier: 
• It is 100 km long, 5 km wide, and 

200 m thick. 
• It moves at a rate of 100 m/yr. (Note: 

This does not mean that the glacier 
gets longer by 100 m each year, but 
rather that any one point in the glacier 
moves forward 100 m in a year, as 
shown in the sample profiles below.) 

• It is at equilibrium. (Note: This means 
that it is receiving just enough snow 
to balance what it loses through 
melting. At equilibrium, the length 
and thickness of the glacier remain 
about the same.)

a) How long would it take a rock that 
falls into the ice at the head of the 
glacier to reach the foot? (Remember 
that the flow rate of the glacier is 
100 m/yr and that the rock must 
travel the entire length of the glacier.) 

 2. The glacier moves at a speed of 
100 m/yr. If no ice were melting from 
the glacier, it would be 100 m longer 
after one year. However, it was assumed 
that the glacier maintains a constant 
size. Therefore, a volume of ice must 
be melting each year (see the sample 

profiles and note that the X has moved 
forward the same distance as was lost 
to the head of the glacier). 

a) How much ice is melting each year 
from this glacier? (If the glacier 
is at equilibrium, the volume of 
ice melted equals the distance of 
glacier movement per year, times 
the thickness of the glacier, times 
the width of the glacier.) 

 3. To be at equilibrium, the glacier must 
receive as much new ice each year as 
it loses by melting. A lot of snow that 
falls on a glacier simply melts and runs 
off without contributing anything to the 
glacier, especially in the warmer areas 
near the foot of the glacier. Assume that 
new ice is added only in the upper half 
(50 km) of the glacier. 

a) What volume of ice is needed to 
balance losses by melting? 

b) What thickness (depth) of ice has 
to be added each year to balance 
the melting? (Remember that the 
volume of ice is equal to flow 
per year × depth × width.) 

 4. On average, 1 m of snow packs down 
into about 10 cm of ice. 

a) How much snow would have to fall 
on the glacier each year to create 
the thickness of new ice that you 
calculated above? 

b) Data show that there is 7.2 m of 
snowfall in the region in which the 
glacier is located. Is the amount of 
snowfall required to keep the glacier 
in balance realistic? 

 5. Imagine that the climate in the region 
of the glacier changes in such a way 
that the winter snowfall is greater by a 
factor of two (that is, it doubles) and 
the melting rate is less by a factor of 
two (that is, it is cut in half). 

a) How much larger will the total volume 
of the glacier be after 100 years? 
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b) What will be the percentage increase 
in the size of the glacier? (To compute 
this, subtract the original volume 
of the glacier from the new volume, 
divide by the length of the time 
interval in years, and multiply by 
100 to convert to a percentage.) 

 6. Imagine that the climate in the region of 
the glacier changes in such a way that 
the winter snowfall is less by a factor of 
two and the melting rate increases by a 
factor of two. 

a) How many years would it take for 
the glacier to disappear (that is, to 
melt completely)?

Part B: Glacial Processes 

 1. Glacial ice can grow thousands of 
meters thick and extend tens to 
hundreds of kilometers. Due to their 
size, glaciers can have a great impact 
on the landscape. You will run a model 
that examines the destructive and 
constructive effects of a valley glacier, a 
glacier that is confined to a valley and 
flows from a higher elevation to a lower 
elevation. Valley glaciers are found in 
mountain landscapes. Work with your 
group to set up your model according 
to the following diagram.

 

a) Describe the characteristics of 
the glacier. 

b) What processes might supply 
sediment to the surface of the glacier?

c) Describe the characteristics of the 
valley-floor materials.

d) What processes might affect the 
development of the valley floor?

 2. Think about how constructive and 
destructive surface processes affect the 
landscape. Predict the following:

a) What will happen if the glacier 
advances by growing larger?

b) What will happen if the glacier 
retreats by melting?

c) Make a table with two columns 
and two rows. Label the columns 
“erosion” and “deposition.” Label the 
rows “processes” and “landforms.”

 3. You will model the movement of a 
valley glacier. Run the model by pressing 
the ice down into the sediments and 
slowly slide the ice forward so that it 
advances along the valley floor. 

a) Record your observations under the 
appropriate heading in your table. 
Look for changes all around the 
glacier, including underneath.

b) Compare your predictions to your 
results. Explain any differences.

 4. You will now observe what happens 
when the glacier retreats by melting. 

a) Make another table for recording 
your observations. 

b) Predict what you will observe as the 
glacier retreats.

 5. Run the model by letting the ice melt 
and record your observations.

a) Compare your predictions to your 
results. Explain any differences.

b) Discuss with your class how glaciers 
change the landscape.
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Part C: Modeling the Action of 
Glacial Meltwater

Wear goggles and a lab apron throughout this 
investigation. Use the hammer with care. Clean 
up spills. Wash your hands when you are done.

 1. Put an even layer of cedar bedding 
about 1 to 2 cm thick in the bottom of 
a baking pan. Put a second pan inside 
the pan with cedar bedding. Spread 
an even layer of fine sand about 0.6 
cm thick on the bottom of the second 
baking pan. Fill the baking pan until it 
is almost full of water. Put the assembly 
into a freezer, and wait overnight until 
the water is a solid block of ice. 

  Note: It will take a long time for the 
water to freeze all the way to the 
bottom because of the insulation of 
the cedar bedding. 

 2. Turn the pan upside down under warm 
running water until the ice block comes 
loose. Set the ice block aside, and cut 
down along two edges of the pan so 
that one of the narrow sides of the pan 
can be bent down flat, level with the 
bottom of the pan. 

 3. Replace the ice block in the pan, and 
wait until the block is at its melting 
temperature. You will know when 
the block has reached its melting 
temperature when its surface shines 
with a thin film of water. 

 4. Put the pan on the floor, place a 
wooden block on the ice surface, 
and hit the board with blows from a 
hammer. Start very gently, and increase 
the force of the blows until the block 
shows several long cracks but has not 
been completely shattered. 

 5. Roll three long “snakes” of modeling 
clay in your hands, and mold them 
along the sides of the ice sheet. 

 6. Put the pan on a surface where water 
can drain from the pan without causing 
any damage. Prop up the end of the pan 
opposite the opening with a thin strip 
of wood about 3 cm thick, or a 
chalkboard eraser. 

 7. Spray cold water on the upper end of 
the ice sheet. Use just enough water so 
that some of the water runs down the 
surface of the ice sheet. Observe how 
the patterns of water flow and drainage 
change with time, as some of the ice is 
melted, and how the sediment at the 
base of the ice sheet is moved by the 
flowing water.
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a) Record your observations in your log. 

b) Using your knowledge of the 
properties of ice and water, account 
for the behavior you observed. 

c) On a real glacier, what do you think 
happens to surface water (meltwater 
plus rainwater)?

Part D: Using a Stream Table to 
Model Ways that Glaciers Modify
the Landscape 

 1. To model the ways in which glaciers 
modify the landscape, fill a stream table 
with damp sand and prop up one end 
with a think strip of wood about 3 cm 
thick. 

 2. Run water down the stream table long 
enough to form a well-defined channel 
at least 1 cm deep. Before you run the 
model make a small channel with your 
finger to guide the flow. Then, turn off 
the water in the stream table.

a) Sketch the river channel in your log. 

 3. Make a model glacier as in Part B of the 
Investigate by freezing a small pan of 
water with some aquarium gravel in the 
bottom. The aquarium gravel represents 
the sediments carried by a glacier. 

 4. Block the channel with the model glacier, 
except for a space around one side 
of the ice for a new channel to form. 

Pack down the glacier gently (without 
disturbing the stream channel) to prevent 
water from seeping under the ice. 

 5. Turn the water back on. Let it run long 
enough to carve a new channel along 
the margins of the ice. Some water 
might seep under the ice along the old 
channel. This is acceptable because, as 
you saw in Part C of the Investigate, 
water does flow under and within 
glaciers. As long as the flow under 
the ice does not completely prevent 
formation of a new channel, seepage is 
acceptable and even desirable. 

a) Sketch the changes that are occurring 
on the stream table. 

 6. Allow the ice to melt naturally. Observe 
and record the results. Complete 
melting will take several hours, possibly 
overnight. 

a) Once the ice has completely melted, 
sketch what you see in the stream 
table again. 

b) Describe any changes in the surface 
texture of the sand (besides the 
channel diversions). 

c) Describe any erosional features that 
are formed by the meltwater from 
the ice. 

d) Where did the aquarium gravel 
end up? Describe and sketch these 
changes.
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GLACIERS
How Glaciers Form and Move
A glacier is a large mass of ice on Earth’s surface that flows by deforming 
under its own weight. To deform is to change shape. A glacier is only 
partly a large-scale version of an ice cube sliding down a sloping tabletop. 
It is also like a deep puddle of honey or molasses flowing down the 
tabletop. Many materials act like solids on short time scales but like liquids 
on long time scales. Glass is a good everyday example. If you hit it with a 
hammer, it shatters. If you support a long, thin glass rod horizontally by 
its two ends in a warm room and wait patiently for weeks and months, 
you would find that the rod would have sagged down slightly. Similarly, 
ice shatters when you hit it with a hammer. However, under high pressure, 
deep within a glacier, it flows by deforming slowly as a plastic solid. 

A glacier forms wherever more snow falls in winter than melts in summer, 
for a long period of years. As the old snow is buried by new snow, it is 
compressed by the weight of overlying snow. The crystals grow together 
by regelation. In this process, the greater pressure put upon lower layers 
causes melting. The meltwater refreezes upon the release of pressure. The 
air in the spaces between the crystals is gradually forced out and upward. 
Eventually, after several tens of meters of burial, the snow has been 
converted to solid glacial ice. After some further burial it begins to flow 
downslope as a glacier. 

The largest glaciers form 
on broad land areas at high 
latitudes where summers are 
cool enough that not all of 
the previous winter’s snow is 
melted. Large glaciers like this, 
called ice sheets, now cover 
most of Greenland and 
Antarctica. (See Figure 1.)
Smaller glaciers, called valley 
glaciers, typically form in 
mountainous areas and 
move down valley to lower 
elevations. (See Figure 2.) 
Large valley glaciers are 
common at high elevations in 
Earth’s major mountain belts. 
Their growth and survival 
depends upon the balance 
between the accumulation of 
snow in winter and the melting 
of ice in summer.

Digging DeeperGeo Words
glacier: a large mass 
of ice on Earth’s 
surface that flows by 
deforming under its 
own weight.
deform: to change 
shape.
regelation: a two-fold 
process involving the 
melting of ice under 
excess pressure and 
the refreezing of the 
derived meltwater 
upon the release of 
pressure.
ice sheet: a large 
glacier that forms on 
a broad land area at 
high latitudes where 
summers are cool 
enough so that not 
all of the previous 
winter’s snow is 
melted.
valley glacier: a 
smaller glacier that 
forms in mountainous 
areas and flows 
down valleys to lower 
elevations.

Figure 1 The Antarctic ice sheet is the largest 
on Earth today.
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Every glacier has an area in its 
upper part, called the zone of 
accumulation. This is the area 
where there is a net addition of 
new glacial ice year after year. 
Every glacier also has an area in 
its lower part, called the zone of 
ablation. This is the area where 
there is a net removal of glacial 
ice year after year. The boundary 
between the two zones is called 
the snow line. (See Figure 3.) 
Below the snow line, all of the 
previous winter’s snow is melted 
by the end of the summer and 
old glacial ice is exposed to 
melting. Above the snow line, 
some of the previous winter’s 
snow remains until the next 
winter. The newly formed glacial 
ice flows continuously downslope 
from the zone of accumulation to 
the zone of ablation. Ablation 
occurs mostly by melting. 
However, where the glacier ends 
in the ocean, large masses of ice 
break away from the glacier and 
float away as icebergs. This process 
is called calving. 

 Figure 3 Diagram of a typical glacier.

Section 8  Glaciers and the Landscape

Geo Words
zone of accumulation: 
the area in the upper 
part of a glacier 
where there is a 
net addition of new 
glacial ice year 
after year. 

zone of ablation: the 
area in the lower part 
of a glacier where 
there is a net removal 
of glacial ice year 
after year. 

snow line: the 
boundary between 
the zone of 
accumulation and the 
zone of ablation. 

calving: the breaking 
away of a mass of ice 
from a glacier. 

Figure 2 Valley glaciers operate on much 
smaller scales than broad ice sheets.
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Glaciologists are scientists 
who study glaciers. They try 
to do “bookkeeping” of 
glaciers. When accumulation 
is greater than ablation for a 
period of years, the volume 
of the glacier increases, and 
the glacier lengthens. The 
terminus of the glacier (its 
downvalley end) gradually 
advances downslope. When 
accumulation is less than 
ablation for a period of 
years, the volume of the 
glacier decreases. The 
terminus retreats. Keep in 
mind, however, that even 
though the terminus is 
retreating, glacial ice is 
being delivered to the 
terminus all the time, 
where it finally melts. If 
accumulation and ablation 
are in balance, the volume of the glacier stays the same. The terminus 
then stays in the same place. That is called a stillstand.

It is not too difficult to measure the speed of movement of a valley glacier. 
During the summer melting season, you can plant a row of metal stakes 
across the glacier. Then, set up a surveying station on the mountainside 
next to the glacier, and survey in the locations of the stakes. A year later, 
come back to resurvey the stakes. The downglacier curvature of the 
new position of the row of stakes shows that the middle of the glacier 
flows faster than the edges. That is the internal deformation part of the 
movement. In internal deformation, the speed of the glacier at its edges 
is zero, but with basal slip, the speed at the edges is greater than zero.

A glacier that is below the melting temperature at its base is frozen solid 
to its bedrock base. Glaciers like that have no basal slip. (See diagram A 
in Figure 5.) They are called cold-based glaciers. A glacier that is at its 
melting temperature at its base has a very thin film of water, usually no 
thicker than a millimeter or two. That is formed by a slow flow of heat 
from the interior of Earth. The lubricating film of water allows the glacier 
to slide on its bed. (See diagram B in Figure 5.) Glaciers like that are called 
warm-based glaciers. (Does it strike you as strange that ice can be “warm” 
as well as “cold”?) Warm-based glaciers are responsible for many geologic 
processes. They can erode, transport, and deposit mineral and rock 
material as they slide over their beds.

Geo Words
terminus: the 
downstream end 
of a glacier.

stillstand (in a 
glacier): the balance 
in accumulation and 
ablation when the 
volume of a glacier 
is constant and the 
terminus stays in the 
same place.

internal deformation: 
the part of movement 
of a glacier that is 
caused by change 
of shape within 
the glacier.

basal slip: the part 
of movement of 
a glacier that is 
caused by sliding of 
the glacier over the 
material beneath 
it, aided by a thin 
lubricating layer 
of water.

Figure 4 Glaciologists at work.
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 Figure 5 Two types of movement along the base of a glacier.

Glacial Erosion 
In the Investigate, you used two models 
to explore what happens when glaciers 
move over land. When a glacier forms 
on the surface of the geosphere, it 
incorporates loose soil and sediment 
into its base and moves it away. Glaciers 
act like gigantic bulldozers. They scour 
the surface and push rock and soil in 
front of themselves as they advance. 
The rock and mineral particles that are 
carried at the base of the glacier are 
called tools. As the glacier advances, 
this material is ground together as 
the ice moves. This material becomes 
as fine as flour and consists mostly of 
harder minerals, such as quartz and 
feldspar. Clean ice is not hard enough 
to affect bedrock, but the movement 
of ice with rock flour acts to polish 
bedrock. Sometimes, rocks in transit in 
the bottom of the ice can gouge long 
grooves and gashes in the bedrock called 
striations. Erosion of bedrock by debris 
in a glacier is called abrasion. The base 
of the glacier gains new tools by taking 
away blocks of the bedrock that are 
already cut by fractures.

Geo Words
tools: rock and 
mineral particles that 
are carried at the 
base of the glacier 
and that grind the 
bedrock.

striations: scratches 
on bed rock inscribed 
by debris at the base 
of a moving glacier.

Figure 6 The basal load 
of a glacier exposed by 
a meltwater stream.

Section 8  Glaciers and the Landscape
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Figure 7 Striated bedrock near Mount Rainier with grooves going from top to bottom. 
The striations were cut by moving ice and water at the base of a glacier.

Meltwater at the base of a glacier sometimes penetrates fractured 
bedrock and freezes. When this occurs, bedrock can be broken apart 
rapidly by freezing and thawing. This process is called plucking. The rock 
debris is then added to the load at the base and is used to polish and 
abrade the bedrock as the glacier moves. Running water at the base of 
some glaciers also causes erosion. Water and sediment can carve channels 
in the ice and bedrock. Such channels can be observed flowing around 
obstacles on the bed of the channel. 

Your model focused on the action 
of glaciers on lower slopes. But, 
on higher slopes, such as those in 
mountainous regions, other features 
develop. At higher elevation the 
temperatures are cooler and there is 
little or no melting of glacial ice. As a 
result, glacial erosion tends to be the 
dominant process.

The erosion of small round glaciers 
produces interesting landforms 
called cirques. These are semicircular 
hollows shaped like a shallow bowl. 
Cirque glaciers slide and rotate at 
the same time. This scours their bed 
and deepens the cirque. Usually, the 

Geo Words
plucking: a type 
of glacial erosion 
by meltwater 
penetrating, freezing, 
and breaking off 
pieces of bedrock 
which are then 
incorporated into the 
base of the glacier.

cirque: a bowl-like 
depression formed by 
a glacier on the side 
of a mountain.

Figure 8 A valley glacier surrounded by 
glacial landforms formed by erosion and 
deposition.
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ice pulls away from its back wall, forming a large fracture or crevasse 
called a bergschrund. Here, the exposed rock suffers intense frost action 
and becomes steepened by erosion. Where cirques develop near to one 
another, distinctive mountainous landforms develop. When cirques form 
on both sides of a drainage divide, knife-edge ridges, called arêtes, 
develop. Where multiple back-to-back cirques form on mountain slopes, 
they form mountains with many steep faces, called horns.

 Figure 9 Glacial landforms in mountain environments.

Glaciers in valleys can form extensive networks of ice. Here, large glaciers 
converge with smaller tributary glaciers. Such glaciers cause extensive 
erosion through abrasion and plucking. This results in the formation of 
trough-shaped valleys with wide U-shaped profiles. (Remember that the 
profile of a river valley is usually V-shaped.) 

In lowland regions, with relatively 
easy-to-erode bedrock, ice sheets can 
erode out wide and deep depressions 
in the bedrock. After the ice sheet 
retreats, such depressions are usually 
occupied by lakes. The Great Lakes, 
the Finger Lakes in central New York 
State (shown in Figure 10), and Lake 
Champlain, are examples of large lakes 
that formed in this way. Some glaciers 
reach the coast, and their trough may 
become submerged by the sea as the 
ice retreats. This produces landforms 
called fjords. 

Geo Words
bergshrund: a wide 
and deep crevasse 
where a glacier 
pulls away from 
its backwall.

arête: a sharp-edged 
mountainous ridge 
carved by glaciers. 

horn: a sharp peak 
with multiple faces.

fjord: a deep 
U-shaped valley 
carved by a glacier 
and drowned by 
the sea.

Figure 10 The Finger Lakes were 
carved out by glaciers.
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Glacial Deposition
Loose rock and mineral material that is carried by the glacier is called the 
load of the glacier. Much of the load is frozen into the base of the glacier. 
When the glacier cannot transport part of its load, it deposits part of it by 
plastering it onto the bedrock beneath the glacier. Sediment deposited in 
this way is called glacial till. (See Figure 11.) Till is a poorly sorted mixture 
of boulders and clay-sized sediments. Sheets of till cover large areas of 
North America once occupied by the Pleistocene ice sheets. 

Figure 11 Moraines of boulders and fine sediments at the terminus of the Columbia 
Glacier, Alaska. A subglacial stream carries away the meltwater.

Scientists use the term moraines for landforms composed of till. When an 
ice sheet is in equilibrium for a long period of time, so that its terminus 
stays in the same place, high ridges of sediment, called terminal moraines, 
are deposited. Terminal moraines show geologists where the farthest 
advance of the ice sheet was located. Various other kinds of moraines 
are formed by glaciers as well. If the terminus advances, then material 
in front of the ice is bulldozed into a ridge at the front of a glacier. 
This ridge is called a push moraine. If the rate of melting is greater than 
the rate advance, then the glacier melts and the ice becomes thinner. 
Eventually, this thin ice melts away and dumps all of it debris from its 
surface to its base to form a broad, irregular deposit called a dead ice 
moraine. This type of moraine often contains large chunks of ice that 
are frozen into the sediments.

Geo Words
load (of a glacier): 
loose rock and 
mineral material 
that is carried by 
the glacier.

glacial till: poorly 
sorted, unlayered 
sediment carried 
or deposited by 
a glacier, usually 
consisting of a 
mixture of clay, silt, 
sand, gravel, and 
boulders ranging 
widely in size and 
shape.

moraine: a mound
or ridge of mainly 
glacial till deposited 
by the direct action 
of glacial ice.

terminal moraine: the 
outermost moraine 
that marks the 
farthest position of 
a glacier. 

push moraine: an 
arc-shaped ridge of 
rocky debris that is 
shoved forward by an 
advancing glacier.

dead ice moraine: 
a broad, irregular 
deposit formed from 
sediments that are 
dumped when a 
glacier melts.
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Deposition also occurs along the sides of glaciers. Debris forms long ridges 
that extend along the edge of the ice. These are called lateral moraines. 
Most of the debris is deposited as material slides and falls down the side 
of the glacier. As the glacier ice melts away from the lateral moraine, the 
ridge stands alone and marks where the sides of the glacier once were. 
Because lateral moraines are formed by dumping of material, their 
sediments are different from moraines that form at the terminus. Lateral 
moraines contain little material that has arrived from beneath the glacier. 
They also lack the fine-grained sediment formed by abrasion. Lateral 
moraines can grow much larger than terminal moraines because material 
is constantly added to them. On the other hand, terminal moraines are 
overrun and 
destroyed by 
advancing ice. When 
two glaciers come 
together, their inside 
lateral moraines join 
together and form a 
medial moraine. 
These occur as thick 
bands of debris along 
the center of the 
new, larger glacier. 
This debris protects 
the ice from melting, 
so medial moraines 
often stand much 
higher than the 
surrounding ice.

Glacial Meltwater and its Deposits

Melting of the lower areas of glaciers in summer produces enormous 
volumes of water. This water, together with rainwater from summer 
storms, flows across the glacier. The water then finds its way to the base 
of the glacier through fissures and holes in the ice, because water is 
denser than the ice. It flows at high speeds through large tunnels at the 
base of the ice and emerges at the terminus of the glacier. The meltwater 
streams that flow out from the glacier carry enormous quantities of 
sediment of all sizes, from clay to boulders.

As the terminus of an ice sheet retreats, much of the sand and gravel 
carried by meltwater streams is deposited right at the glacier terminus. 
It is often deposited in between large melting ice masses. After all of 
the ice melts from the area, these deposits are left as irregular hills and 
ridges. Their sizes and shapes vary greatly. In the northern parts of the 
United States, these deposits are prime sources of sand and gravel for 
concrete. Think about how different your life would be if there were 
no sand and gravel for such an ordinary but essential building material 
like concrete.

Geo Words
lateral moraine: a low 
ridge of rocky debris 
deposited at the side 
of a mountain glacier.

medial moraine: a 
long strip of rocky 
debris formed where 
the sides of two 
glaciers converge.

Figure 12 Moraines are composed mainly of glacial till.
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How Glaciers Alter River Systems
The Pleistocene ice sheet rearranged the courses of many rivers in North 
America. (See Figure 13.) Before the Pleistocene, the river drainage system 
of North America looked very different from today. The Great Lakes had 
not yet formed. The Mississippi River was a smaller river with a much 
smaller drainage basin. There was no Ohio River. Instead, a river system 
extended across the middle of Indiana and Illinois. This system joined the 
ancient Mississippi in the middle of Illinois.

There was no Missouri River. Rivers in the Northern Plains states flowed 
northeast into Canada. (These rivers are now tributaries to the Missouri 
River.) The headwaters of the Missouri, the Yellowstone, and other rivers 
of the Northern Plains states still flow northeast. This is a remnant of this 
ancient river system. By blocking rivers that were flowing northward, the 
glaciers created the present Ohio and Missouri River Systems.

When glaciers blocked rivers, there were many different possible 
outcomes. In some cases, small segments of existing river systems flooded 
their valleys. They flowed over drainage divides and cut new valleys. 
Eventually, segments of former river systems connected into a new river. 
The Ohio River formed in this way. In other cases, water flowed along the 
margins of the glaciers, cutting a new channel that captured all the rivers 
it crossed. Meanwhile, as the ice melted, it dropped debris in the former 
river channels, blocking them and often closing them up completely. This 
is how the present Missouri River formed.

The glaciers retreated across the area now occupied by the Great Lakes. 
As they did, they alternately blocked and exposed outlets of the lakes. 
At different times, one or more of the lakes drained south through the 
Mississippi. Some drained southwest across Ohio and Indiana. Others 
drained across Ontario in a number of places, and down the Mohawk 
and Hudson Rivers to the Atlantic.

  Figure 13 Drainage patterns in North America before (left) and after 
(right) the Pleistocene ice age.

Checking Up
1. What factors 

would cause a 
glacier to advance 
(grow)? 

2. What factors 
would cause a 
glacier to retreat 
(get smaller)?

3. How do glaciers 
erode bedrock? 

4. How do glaciers 
deposit sediment? 

5. How did the Ohio 
River form? 

6. How did the 
Missouri River 
form? 

7. How did the Great 
Lakes form?
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Think About It Again
At the beginning of this section, you were asked the following:

• What other materials might be in a glacier besides ice?

• How might the materials get into the glacier?

• How do glaciers change the landscape?

Record your ideas about these questions now. In your answers, include descriptions of how 
glaciers erode bedrock and move sediment.

Reflecting on the Section and the Challenge
In this section, you learned how glaciers form and move. Whether the front edge of a 
glacier advances, retreats, or remains in the same position depends on the balance between 
snowfall and melting. You also simulated the effects of a valley glacier, glacial meltwater, 
and a glacier blocking a stream. When glaciers move across streams, they can change 
where and how rivers flow. Glaciers erode enormous volumes of bedrock. They deposit the 
material beneath the glacier, at the glacier terminus, and in streams and rivers beyond the 
terminus. Many communities in the United States are on rivers that were changed by the 
Pleistocene ice sheets. Think about the advantages and disadvantages of glaciers for your 
task in the Chapter Challenge.

Understanding and Applying

 1. In Part A of the Investigate, you modeled a hypothetical glacier. 

a) What assumptions did you make about the glacier? 

b) In what ways would real glaciers be more complicated? 

c)  Are the assumptions you made realistic enough that you can draw useful conclusions 
from them, or are they so simplistic that they do not reflect real glaciers? 

 2. How would you recognize whether a deposit of sediment on the land surface was 
produced by a glacier rather than by a river? In your log, make a list of possible 
criteria you would use. 

 3. When a glacier blocks a river, there are many things that can happen. 

a)  Which of the following did you observe in Part D of the Investigate? Use a sketch 
to illustrate each event you observed. 

 • The stream is diverted permanently from its old course. 
•  The stream is temporarily diverted but goes back to its old channel once 

the ice melts. 
• The stream changes course more than once as the ice melts. 
•  Meltwater streams make channels that may or may not capture part 

of the drainage. 

b) Describe any other outcomes that you observed that are not listed. 
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 4. Did the glacier in Part D of the Investigate leave behind a moraine? If so, describe it. 

 5. Find a community that is located along a river that was diverted by glaciers in 
the past. How would the history of this town be different if the river had not 
been diverted? 

 6. Pick the largest river nearest to your community, and predict what would happen 
if the river becomes blocked by a glacier at various locations. 
a) Would the community be flooded? 
b) Would the river be diverted away from the town? 
c) What would you advise your community leaders to do about it?

 7. Preparing for the Chapter Challenge

When glaciers advance and retreat, they interfere with stream patterns and sometimes 
change the paths of rivers. Glaciers also leave behind characteristic landforms, such 
as moraines. Write a paragraph in which you describe the seasonal relationship 
between glaciers and rivers. Apply these ideas to the evaluation of your Olympic 
Games sites.

Inquiring Further
 1. History of science

Research J. Harlan Bretz, the geologist who first proposed catastrophic flooding as 
a cause of the Channeled Scablands. Describe his theory and the evidence behind it. 
Why did other geologists originally discount his theory? Why did other geologists 
finally embrace his theory? Use the EarthComm Web site at http://www.agiweb.org/
education/earthcomm2/ to help you with your research.

 2. Glacial landforms
  There are many other glacial landforms besides the ones mentioned in this section. 

Research how the following glacial features form. Be sure to include your sources 
and describe how you assessed their reliability.
• kames     • eskers     • drumlins     • kettles
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