


Glacier Bay is a drowned valley. Once filled
with a huge tongue of glacial ice, this

steep-walled fiord now houses only sea water
and small drifting ice fragments. Low, rocky peaks
stand on either side of the bay’s mouth, sculpted
by the ice into stark angular shapes composed of
points and edges. Ahead are the high peaks of
the Saint Elias Mountains, entirely capped with
white.

Entering the mouth of the bay, you will soon
see the Marjerie Glacier. Its snout is fractured into
tall, vertical columns with features that seem al-
most like horizontal steps at the top. Beneath a
top white layer of decaying ice and snow, the ice
is a bright greenish-blue. The color is so intense
that the ice seems to glow from within. The ice is
also noisy. It groans, screeches, clicks, and pops.

Flowing slowly and majestically, glacial ice
makes and moves sediment, creating many types
of distinctive landforms. If you live in or visit a
glaciated region, you’ll see lots of evidence of
glaciation. From ponds formed by the melting of
buried ice blocks to the great hills of sediments
dumped by glacial ice sheets at their margins,
glaciers have drastically modified much of the
landscape.

Glacial ice still exists today in two great accu-
mulations of continental dimensions—the Green-
land and Antarctic Ice Sheets—and in many
smaller masses in high mountains.

Glacial Landforms 
and the Ice Age

416

14

Marjerie Glacier, Glacier Bay, Alaska
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Glaciers

ot long ago, during the Ice Age, much
of northern North America and Eurasia
was covered by massive sheets of glacial
ice. As a result, glacial ice has shaped

large landforms in midlatitude and subarctic zones. To-
day, we find glacial ice in the Greenland and Antarctic
Ice Sheets and in many smaller masses in high moun-
tains (Figure 14.1).

Glacial ice sheets have a significant impact on our
global climate. Because of their intense whiteness, the
glacial ice sheets of Greenland and Antarctica reflect
much of the solar radiation they receive, influencing
the Earth’s radiation and heat balance. The vast tem-
perature difference between these intensely cold ice
sheets and regions near the equator helps drive the sys-
tem of heat transport around the world. These collec-
tions of ice hold an enormous amount of water in solid

state. When the volume of glacial ice increases, as it
does during an ice age, sea levels must fall to maintain
the global water balance. When ice sheets melt away,
sea level rises. In fact, today’s coastal environments
evolved during a rising sea level accompanying the
melting of the last ice sheets of the Ice Age.

When we think of ice, most of us picture a brittle,
crystalline solid. But large bodies of ice, with a great
thickness, are much more plastic. That’s because the
huge pressure on the ice at the bottom of an ice mass
forces it to lose its rigidity. This means that a huge body
of ice can flow in response to gravity, slowly spreading
out over a larger area or moving downhill. Ice also
slides on steep mountain slopes. This ability to move is
the key characteristic of a glacier, which is defined as
any large natural accumulation of land ice affected by
present or past motion (Figure 14.2).

Explain how glaciers form.                                     Define ice sheets and alpine glaciers.

LEARNING OBJECTIVES

N

Greenland ice sheet Figure 14.1

The Greenland ice sheet, seen here in a photo from space, 
occupies more than 1.7 million sq km (about 670,000 sq mi) and
covers about seven-eighths of this vast island. The view here is
of the southern tip, showing snow-covered terrain of hills 
and fiords around the central mass of ice.

Alpine glaciers Figure 14.2

Rising on the flanks of Mount Blackburn, the Nabesna Glacier, in
Wrangell Saint Elias National Park, Alaska, is the longest valley
glacier in North America. The dark stripe down the middle of
the glacier is a medial moraine of rocky debris formed by the
joining of lateral moraines as two ice streams flow together.
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Glaciers 419

Glacial ice builds up when the average snowfall of
the winter exceeds the amount of snow that is lost in
summer by evaporation and melting. Each year, a new
layer of snow adds to the snow that has already col-
lected. Snow on the surface melts and refreezes, com-
pacting the snow and turning it into granular ice. This
ice is then compressed into hard crystalline ice by the
weight of the layers above it. When the ice mass be-
comes so thick that the lower layers become plastic, it
will start to flow outward or downhill. The ice mass is
now an active glacier.

We can see that glacial ice will form in regions
where there are low temperatures and high amounts of
snowfall. This can occur at both high elevations and
high latitudes. In mountains, glacial ice can form even
in tropical and equatorial zones if the elevation is high
enough to keep average annual temperatures below
freezing. In high mountains, glaciers flow from small
high-elevation collecting grounds down to lower eleva-
tions, where temperatures are warmer. Here the ice dis-
appears as it melts and evaporates. Typically, mountain
glaciers are long and narrow because they occupy for-
mer stream valleys. These alpine glaciers are a distinc-

tive type of glacier that we will
look at in the next section.

In arctic and polar regions,
temperatures are low enough for
snow to collect over broad areas,
eventually forming a vast layer of
glacial ice. Snow begins to accu-
mulate on uplands, which are
eventually buried under enor-
mous volumes of ice. The layers
of ice can reach a thickness of
several thousand meters. The ice

then spreads outward, over surrounding lowlands, and
covers all landforms it encounters. We call this exten-
sive type of ice mass an ice sheet.

Glacial ice normally contains rock that it has picked
up along the way. These rock fragments range from
huge angular boulders to pulverized rock flour. Most of
this material is loose rock debris and sediments found
on the landscape as the ice overrides it, but some is
eroded from the rock floor on which the ice moves.
Alpine glaciers also carry rock debris that slides or falls
from valley walls onto the surface of the ice.

Alpine glacier
Long, narrow moun-
tain glacier occupy-
ing the floor of a
trough-like valley.

Ice sheet Large
thick plate of glacial
ice moving outward
in all directions.

CONCEPT CHECK

How does a glacier form?
Why does it move?

What is an alpine
glacier?

Where do we find ice
sheets today?

Name two ways that
glaciers erode the
surfaces around
them.

Describe these
processes.

STOPSTOP

Glaciers and ice sheets erode and deposit great
quantities of sediment. The rock fragments held within
the ice scrape and grind against bedrock (Figure
14.3). We call this erosion process glacial abrasion.
Moving ice also erodes surfaces by plucking, as blocks
that have been loosened by weathering are lifted out of
bedrock. Abrasion and plucking smooth the glacier bed
as the glacial flow continues through time. The glacier
finally deposits the rock debris at its lower end, where
the ice melts. Both erosion and deposition create dis-
tinctive glacial landforms.

Glacial abrasion Figure 14.3

This grooved and polished surface, now partly eroded, marks
the former path of glacial ice. Cathedral Lakes, Yosemite Na-
tional Park, California.
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420 CHAPTER 14 Glacial Landforms and the Ice Age

Headwall
Zone of
accumulation

Firn field

Glacial ice

Rock
step

Cirque

Abrasion

Ice falls

Crevasses
Lateral
moraine

Plucking

Terminal
moraine

Glacier
terminusZone of ablation

(evaporation, melting)  

The glacier occupies a sloping 
valley between steep rock walls. 
Snow collects at the upper end in 
a bowl-shaped depression called 
the cirque.

The upper end lies in a zone of accumulation. 
Layers of snow that are compacting and 
recrystallizing are called firn. Glacial ice flows 
downvalley out of the cirque, abrading and 
plucking the bedrock.

The flow accelerates down a steep 
rock step, where deep crevasses 
(gaping fractures) mark an ice fall.

The lower part of the glacier lies in the zone of 
ablation. Here, the ice thins as it evaporates 
and melts, losing its plasticity. It may develop 
deep crevasses. The glacier deposits rock 
debris in the terminus as it melts.

Alpine Glaciers

igure 14.4 shows a cross section of
an alpine glacier, illustrating a number
of features. Although the uppermost
layer of a glacier is brittle, the ice be-

neath behaves as a plastic substance that flows slowly
(Figure 14.5). An alpine glacier can also slide
downhill, lubricated by meltwater and mud at its base.

A glacier sets up a dynamic balance in which the
rate of snow accumulation at the upper end balances
the rate of evaporation and melting at the lower end.

Describe how alpine glaciers form.            Explain how alpine glaciers produce landforms.            Define fiord.

LEARNING OBJECTIVES

F
But this balance is easily upset by changes in the aver-
age annual rates of snowfall or evaporation and melt-
ing, causing the glacier’s terminus to move forward
or melt.

Glacial flow is usually very slow. It amounts to a few
centimeters per day for large ice sheets and the more
sluggish alpine glaciers, but can be as fast as several me-
ters per day for an active alpine glacier. However, some
alpine glaciers experience episodes of very rapid move-
ment, known as surges. A surging glacier may travel

Cross section of an alpine glacier
Figure 14.4

www.wiley.com/
college/strahler

➤➤
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LANDFORMS MADE 
BY ALPINE GLACIERS

The process diagram, “Landforms produced by alpine
glaciers,” shows how alpine glaciers create arêtes, horns,
cols, moraines, tarns, hanging valleys, and glacial troughs.
As large, distinctive features in areas of rugged terrain,
glaciers are readily viewed from space. Figure 14.6
shows a satellite image of some of the features de-
scribed in the process diagram.

Glacier flow strips away loose regolith, then deep-
ens and widens the glacial valley so that after the ice has
finally melted, a deep, steep-walled glacial trough re-
mains behind from the trunk glacier. Tributary glaciers
also produce troughs, but they are smaller in cross sec-
tion and less deeply eroded by their smaller glaciers.
Because the floors of these troughs lie above the level
of the main trough, they are called hanging valleys.
When streams later occupy these abandoned valleys,
they create scenic waterfalls and rapids that cascade
down steep slopes to the main trough below. Major
troughs sometimes hold large,
elongated trough lakes.

Alpine Glaciers 421

a
b

c
d

Rigid zone

Plastic zone 

Motion of glacial ice Figure 14.5

Ice moves most rapidly on the glacier’s surface at its midline.
Movement is slowest near the bed, where the ice contacts
bedrock or sediment.

Andean alpine glacial features Figure 14.6

This astronaut photo shows Cerro San Lorenzo, a peak along
the crest of the Andes in Chile and Argentina. 

The peak itself is a
glacial horn.

Leading away from
the horn to the south
is a long, sharp
ridge, or arête.The cirque, now

only partly filled
with glacial ice.

Behind the peak is a
glacial trough.

downvalley at speeds of more than 60 m (about 200 ft)
per day for several months. We don’t fully understand
the reasons for surging, but it probably involves mecha-
nisms that increase the amount of meltwater beneath
the ice, enhancing sliding. Most glaciers do not surge. Glacial trough

Deep, steep-sided
rock trench formed
by alpine glacier
erosion.
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Process D
iagram

Landforms produced by alpine glaciers

Alpine glaciers erode and shape mountains into distinctive landforms. Although larger alpine glaciers can 
widen and deepen valleys, their main work is to scrub existing valleys down to hard bedrock.

Before glaciation  This region has 
been sculptured entirely by 
weathering, mass wasting, and 
streams. The mountains look 
rugged, with steep slopes and 
ridges. Small valleys are steep 
and V-shaped, while larger valleys 
have narrow floodplains filled 
with alluvium and debris.

▼

Hanging valley Smaller tributary 
valleys that join the main glacier valley 
may be left "hanging" at a higher 
elevation as the trunk glacier deepens 
the main valley.

Glacial troughs When the ice 
disappears, a system of steep 
walled troughs is revealed.

Melting glaciers  As glaciers 
diminish they reveal their 
handiwork in distinctive 
landforms.

Tarn Rock basin high in smaller 
valleys that becomes a small 
glacial lake.

Tarn  When a glacier carves a 
depression into the bottom 
of a cirque and then melts 
away, a small lake called a 
tarn is formed.

▼

▼

A

D
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Snow accumulation  Climate 
change (cooling) increases snow 
buildup in the higher valley heads, 
forming cirques. Their cup shapes 
develop as regolith is stripped 
from slopes and bedrock is ground 
by ice. Slopes above the ice 
undergo rapid wasting from 
intense frost action.

Cirque

▼

▼ ▼

Cirque   Valley heads are enlarged 
and hollowed out by glaciers, 
producing bowl-shaped cirques.

Glaciation  Thousands of years of 
accumulating snow and ice develops 
these new erosional forms.

Arête A jagged, knife-like 
ridge forms where two 
cirque walls intersect from 
opposite sides.

Horn Sharp peak that 
develops where three or 
more cirques grow 
together.

Col Notch that forms 
where opposed cirques 
have intersected deeply.

Cirque As it grows, rough, 
steep walls replace the 
original slopes.

Tributary glaciers  
flow together to form 
the main trunk glacier.

Medial moraine Debris line where 
two ice streams join, merging 
marginal debris from their lateral 
moraines.

Lateral moraine Debris
ridge formed along ice's 
edge next to trough wall.

▼

Horn and Arête   Intersecting cirques carve
away the mountain mass, leaving peaks
called horns and sharp ridges called arêtes.

B

C

www.wiley.com/
college/strahler

➤➤
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424 CHAPTER 14 Glacial Landforms and the Ice Age

he ice sheets of Antarctica and Green-
land are huge plates of ice, thousands of
meters thick in the central areas, resting
on land masses of subcontinental size.

The Greenland Ice Sheet has an area of 1.7 million sq
km (about 670,000 sq mi) and occupies about seven-
eighths of the entire island of Greenland (Figure
14.7). The only land exposed is a narrow, mountain-
ous coastal strip. The Antarctic Ice Sheet covers 13 mil-
lion sq km (about 5 million sq mi) (Figure 14.8).
Both ice sheets are developed on large, elevated land
masses in high latitudes. No ice sheet exists near the
North Pole, which is positioned in the vast Arctic
Ocean. Ice there occurs only as floating sea ice.

ICE SHEETS OF THE PRESENT

When the floor of a trough
open to the sea lies below sea
level, the sea water enters as the
ice front recedes, creating a
fiord. Fiords are opening up to-

CONCEPT CHECK

How do cirques develop?

What do we call the features created
when glaciers deposit their rock
debris?

What is a glacial
trough?

What is a fiord?

STOPSTOP

Ice Sheets and Sea Ice

Define ice sheet and sea ice.                                 Describe the landforms created by ice sheets.

LEARNING OBJECTIVES

T
The Greenland Ice Sheet surface is a very broad,

smooth dome. Underneath the ice sheet’s central re-
gion, the rock floor lies near or slightly below sea level,
but it is higher near the edges. The Antarctic Ice Sheet
is thicker than the Greenland Ice Sheet—as much as
4000 m (about 13,000 ft) at maximum. At some loca-
tions, ice sheets extend long tongues, called outlet glaci-
ers, to reach the sea at the heads of fiords. Huge masses
of ice break off from the floating edge of the glacier
and drift out to open sea with tidal currents to become
icebergs. Antarctica also has great plates of floating
glacial ice, called ice shelves. Ice shelves are fed by the
ice sheet, but they also accumulate new ice through the
compaction of snow.

Fiord Narrow,
deep ocean inlet par-
tially filling a glacial
trough.

day along the Alaskan coast, where some glaciers are
melting back rapidly and ocean waters are filling their
troughs. Fiords are found largely along mountainous
coasts between lat. 50° and 70° N and S.
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The Greenland ice sheet
Figure 14.7

Contours show elevations of the ice sheet surface.

The Antarctic ice sheet and its ice shelves
Figure 14.8

Contours show elevations of the ice sheet surface.
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SEA ICE AND ICEBERGS

Free-floating ice on the sea sur-
face takes two forms—sea ice
and icebergs. Sea ice (Figure
14.9) is formed by direct freez-
ing of ocean water. In contrast,
icebergs have broken free from
glaciers that terminate in the
ocean. Another major differ-
ence between sea ice and ice-
bergs is thickness. Sea ice is
always less than 5 m (15 ft) in
thickness, whereas icebergs may
be hundreds of meters thick.

Pack ice is sea ice that com-
pletely covers the sea surface.
Under the forces of wind and
currents, pack ice breaks up into
individual patches called ice floes.

The narrow strips of open water between such floes are
known as leads. Winds can force ice floes together, mak-
ing the ice margins buckle and turn upward into pres-
sure ridges that resemble walls of ice. These obstacles
make traveling across polar sea ice on foot even more
difficult. The surface zone of sea ice is composed of
fresh water, while the deeper ice is salty.

When a valley glacier or tongue of an ice sheet ter-
minates in sea water, blocks of ice break off to form ice-
bergs (Figure 14.10). Because they are only slightly
less dense than sea water, icebergs float very low in the
water. About five-sixths of the bulk of an iceberg is sub-
merged. The ice is composed of fresh water since it is
formed from compacted and recrystallized snow.

LANDFORMS MADE BY ICE SHEETS

Like alpine glaciers, ice sheets are very good at strip-
ping away surface materials and eroding bedrock. Dur-
ing the periods when continental ice sheets grew and
spread outward over vast areas, the slowly moving ice
scraped off regolith and ground away much solid
bedrock, leaving behind smoothly rounded rock
masses. Evidence of ice abrasion—grooves and
scratches left on the ground—is common throughout
glaciated regions of North America. You can see signs

Sea ice Figure 14.9

A Landsat image of a portion of the Canadian arctic archipel-
ago. There is an ice cap on a land mass in the center of the
photo, with exposed mountainous ridges on the uncovered
portions of the land mass. In the lower part of the image
there is a branching glacial trough, now a water-filled fiord.
In the upper left are huge chunks of free-floating sea ice.

Icebergs Figure 14.10

Adelie penguins socializing in the sun atop an iceberg in
McMurdo Sound, Antarctica.

426 CHAPTER 14 Glacial Landforms and the Ice Age

Iceberg Mass of
glacial ice floating in
the ocean that has
broken off a glacier
that extends into
tidal water.

Sea ice Floating
ice of the oceans
formed by direct
freezing of ocean
water.
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Lodgement
till

Bedrock

Ablation till

Ice

Lodgement
till

Bedrock

Glacial till Figure 14.12

on almost any freshly exposed hard rock surface. Some-
times the ice polishes the rock to a smooth, shining sur-
face (Figure 14.11).

The ice sheets also excavated enormous amounts of
rock at locations where the bedrock was weak and the
flow of ice was channeled by a valley along the ice flow
direction. Under these conditions, the ice sheet be-
haved like a valley glacier, scooping out a deep glacial
trough.

Ice sheets also resemble huge conveyor belts. Any-
thing carried on the belt is dumped off at the end, and,
if not constantly removed, will pile up in increasing
quantity. Rock fragments brought within the ice are de-

posited at its outer edge as the
ice evaporates or melts. We use
the term glacial drift to refer to
all the varieties of rock debris de-
posited by glaciers. There are
two types of drift. Stratified drift
consists of layers of sorted and
stratified clays, silts, sands, or gravels. These materials
were deposited by meltwater streams or in bodies of wa-
ter adjacent to the ice. Till is an unstratified mixture of
rock fragments, ranging in size from clay to boulders,
that is deposited directly from the ice without water
transport (Figure 14.12). Where till forms a thin,
more or less even cover, it is referred to as ground
moraine.

Over those parts of North America formerly cov-
ered by ice sheets, glacial drift thickness averages from
6 m (about 20 ft) over mountainous terrain, such as
New England, to 15 m (about 50 ft) and more over the
lowlands of the north-central United States. Over Iowa,
drift thickness is from 45 to 60 m (about 150 to 200 ft),
and over Illinois it averages more than 30 m (about 100
ft). In some places where deep stream valleys already
existed before the glaciers advanced, such as in parts of
Ohio, drift is much thicker.

Figure 14.13 describes the form and composi-
tion of deposits left by ice sheets, including moraines,
eskers, drumlins, and kames. Pluvial lakes are another type
of landform created by ice sheets. During the Ice Age,
some regions experienced a cooler, moister climate. In
the western United States, closed basins filled with wa-
ter, forming pluvial lakes. The largest of these, glacial

A As ice passes over the ground, sediment and coarse
rock fragments of clay-rich debris that were previously
dragged forward beneath the ice are now pressed into
a layer of lodgment till.

B When the overlying ice stagnates and melts, rock particles it holds
in its body are lowered to the solid surface beneath, forming a layer of
ablational till consisting of a mixture of sand and silt, with many angu-
lar pebbles and boulders. The layer of dense lodgment till lies below it.

Glacial drift
General term for all
varieties and forms
of rock debris 
deposited by ice
sheets.

Glacial abrasion Figure 14.11

A near-vertical rock outcrop on the side of Tracy Arm Fiord,
Alaska, shows grooving and polishing from the passage of
glacial ice.
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Marginal lake

Delta

Lake outlet
Iceberg

Tunnels

Braided streams

Outwash plain

Ice
blocks

Ice

Ice

Ice sheet When the front edge of the 
ice melts and evaporates at the same 
rate that ice is brought forward by 
spreading, the position of the front 
edge is stationary. During the Ice Age, 
there were long periods when the front 
was essentially stable in this way.

Outwash plain In front of the 
ice margin there is a smooth 
outwash plain that formed from 
stratified drift left by braided 
streams issuing from the ice. 
The plain is built of layer upon 
layer of sands and gravels.

Marginal lakes As the ice 
advances toward higher ground, 
it blocks valleys that may have 
opened out northward, 
enclosing marginal lakes.
Streams of meltwater from the 
ice built glacial deltas into these 
marginal lakes.

Esker The curving ridge of sand and gravel in this 
photo is an esker, marking the bed of a river of 
meltwater flowing underneath a continental ice 
sheet near its margin. Kettle Moraine State Park 
Wisconsin.

▼
▼

▼

▼

A

Recessional  moraine The lower left portion of this 
aerial scene from Langdale County, Wisconsin, 
shows a recessional moraine covered with forest 
vegetation. Note the bumpy, irregular topography 
of sediments piled up at the former ice edge.

▼

428 CHAPTER 14 Glacial Landforms and the Ice Age

Marginal landforms produced by ice sheets Figure 14.13
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Esker

Delta kame
Lake bottom

Shoreline

Kettles

Outwash
plain

Terminal moraine Glacial till 
that accumulates at the 
immediate ice edge forms an 
irregular, rubbly heap known 
as the terminal moraine. After 
the ice has disappeared, the 
moraine forms a belt of 
knobby hills interspersed with 
basin-like hollows, or kettles, 
some of which hold small 
lakes.

Eskers Large streams carrying 
meltwater issue from tunnels in 
the ice. They form when the ice 
front stops moving for many 
kilometers back from the front. 
After the ice has gone, the position 
of a former ice tunnel is marked by 
a long, sinuous ridge of sediment 
known as an esker. Many eskers 
are several kilometers long.

Drumlins The
smoothly rounded, 
oval hills of glacial till, 
which resemble the bowls 
of inverted teaspoons, are 
known as drumlins.
Drumlins lie behind the 
terminal moraine in groups. 
The long axis of each 
drumlin parallels the 
direction of ice movement.

Till plains The surface between 
moraines is covered by glacial 
till. The till layer can be thick 
and can bury the hills and 
valleys that existed before.

Marginal lake deposits When the ice withered away, the 
marginal lakes drained, leaving a flat floor exposed. 
Layers of fine clay and silt built up. Glacial lake plains 
often contain extensive areas of marshland.The deltas 
are now curiously isolated, flat-topped landforms known 
as delta kames, composed of well-washed and 
well-sorted sands and gravels. 

Interlobate moraine
Where the two ice lobes 
come together, the 
moraines curve back and 
fuse together into a single 
interlobate moraine.

Recessional  moraine The ice front paused for some time 
along a number of positions, as it retreated, forming 
belts, known as recessional moraines.These run roughly 
parallel with the terminal moraine.

Drumlin This small drumlin, located 
south of Sodus, New York, shows a 
tapered form from upper right to lower 
left, indicating that the ice moved in 
that direction (north to south).

Kame This tree-covered hill, rising above the 
surrounding plain, is a kame—a deposit of sand 
and gravel built out from the front of a retreating 
ice sheet, possibly as a delta accumulating in a 
short-lived lake. As the ice melted and the lake 
drained, the deposit lost its lateral support and 
slumped down under the force of gravity,
forming a hill of roughly conical shape.

B

▼

▼
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laciation occurs when temperatures fall
in regions of ample snowfall, allowing
ice to accumulate and build. Although
glaciation is a general term for the glac-

ier growth and landform modification produced by
glaciers, here we use it to refer to the period when con-
tinental ice sheets grow and spread outward over vast
areas.

430 CHAPTER 14 Glacial Landforms and the Ice Age

Lake Bonneville, was about the size of Lake Michigan
and occupied a vast area of western Utah. With the
warmer and drier climate of the present interglacial pe-
riod, these lakes shrank greatly in volume. Lake Bon-
neville became the present-day Great Salt Lake. Many
other lakes dried up completely, forming desert playas.
We can work out the history of these pluvial lakes from
their ancient shorelines, some of which are as high as
300 m (about 1000 ft) above present levels.

Landforms associated with the ice are of major en-
vironmental importance. Glaciation can have both
good and bad agricultural influences, depending on
preglacial topography and the degree and nature of ice
erosion and deposition.

In hilly or mountainous regions, such as New Eng-
land, the glacial till is thinly distributed and extremely
stony. It’s difficult to cultivate this till because there are
countless boulders and cobbles in the clay soil. Till de-

posits built up on steep mountain or roadside slopes
pose the threat of earthflows after absorbing water from
melting snows and spring rains. Crop cultivation is also
hindered along moraine belts because of the steep
slopes, the irregularity of knob-and-kettle topography,
and the number of boulders. But moraine belts are well
suited to pastures.

Flat till plains, outwash plains, and lake plains, on
the other hand, can sometimes provide very productive
agricultural land. There are fertile soils on till plains
and on exposed lakebeds bordering the Great Lakes.
Their fertility is enhanced by a blanket of wind-de-
posited silt (loess) that covers these plains.

Stratified drift deposits are also very valuable. The
sands and gravels from outwash plains, deltas, and es-
kers are used to manufacture concrete and for highway
construction. And thick, stratified drift makes an excel-
lent aquifer, so it’s a major source of ground water.

The Ice Age

CONCEPT CHECK

Give two differences between
sea ice and icebergs.

What is glacial drift?

List five landforms produced
by moving ice sheets.

Describe how they formed.

STOPSTOP

G
Explain what an ice age is.

Define the Late-Cenozoic Ice Age.

LEARNING OBJECTIVES

When the climate warms or snowfall decreases, ice
sheets become thinner and cover less area. Eventually,
the ice sheets may melt completely. This period is called
a deglaciation. After a deglacia-
tion, but before the next
glaciation, there is a mild-cli-
mate period, or an interglacia-
tion. The last interglaciation

Explain the possible causes of the Ice Age and glaciation cycles.

Describe Holocene environments.

Glaciation
Single episode or
time period in which
ice sheets formed,
spread, and
disappeared.
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B The Scandinavian Ice Sheet dominated Northern Europe
during the Ice Age glaciations. The present coastline is far 
inland from the coastline that prevailed during glaciations.
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This area in southwest-
ern Wisconsin escaped
inundation, and is
known as the Driftless
Area. 

A Continental glaciers of the Ice
Age in North America at their
maximum extent reached as far
south as the present Ohio and
Missouri rivers.
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began about 140,000 years ago and ended between
120,000 and 110,000 years ago. A succession of alternat-
ing glaciations and interglaciations, spanning 1 to 10
million years or more, makes up an ice age.

The most recent ice age is but one of several ice
ages the Earth has experienced in its long history. Al-
though there is some evidence for an ice age near the
start of the Proterozoic Eon, about 2.5 billion years ago,
the earliest well-documented ice age took place from
about 800 to 600 million years ago, near the end of that
eon. That glaciation may have been quite extensive,
with a “snowball Earth” that had sea ice nearly to the
equator. A minor ice age occurred in the late Ordovi-
cian Period, around 450 million years ago, and exten-
sive polar ice caps and alpine glaciers formed twice
during the Carboniferous and early Permian periods.

Throughout the past 3 million years or so, the Earth
has been experiencing the Late-Cenozoic Ice Age (or,
simply, the Ice Age). About 50 years ago, most geolo-

gists associated the Ice Age with
the Pleistocene Epoch, which be-
gan about 1.6 million years ago.
But new evidence from deep-sea
sediments shows that the glacia-
tions of the Ice Age began in late
Pliocene time, perhaps 2.5 to 3.0
million years ago.

At present, we are in the middle of an interglacia-
tion of the Ice Age, following a deglaciation that set in
quite rapidly about 15,000 years ago. In the preceding
glaciation, called the Wisconsinan Glaciation, ice sheets
covered much of North America and Europe, as well as
parts of northern Asia and southern South America.
The maximum ice advance of the Wisconsinan Glacia-
tion was about 18,000 years ago.

Figure 14.14 shows the maximum extent to
which North America and Europe were covered during
the last advance of the ice. Most of Canada was

Late-Cenozoic
Ice Age Or the Ice
Age Series of glacia-
tions, deglaciations,
and interglaciations
experienced during
the late Cenozoic
Era.

During glaciations sea level was much lower. The present
coastline is shown for reference only.
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5 MILLION YEARS AGO
By about 5 million years ago, ice
sheets accumulated on Antarctica
and Greenland, and the Arctic Ocean
was covered with a floating ice cap.
Sea levels fell as ice accumulated on
the continents, and modern coastal
land features, such as the Florida
peninsula, emerged from the sea.

▲
RECENT ICE AGES

The Earth now oscillates between colder glacial and warmer
interglacial periods. During the last glacial period, which
ended about 20,000 years ago, ice sheets covered large por-
tions of North America, Europe, and the Andes. Global sea
level was about 120 m (about 400 ft) lower than present.

▲

POLAR ICE CAP
Over the last 50 years, the extent of polar sea ice has noticeably
decreased. Since 1970 alone, an area larger than Norway, Sweden,
and Denmark combined has melted. This trend is predicted to ac-
celerate as temperatures rise in the Arctic and across the globe.

▲

GLACIAL CLIMATE 

The Cenozoic Era, beginning about 66 million years ago, has seen a
gradually cooling climate, culminating in the recent Ice Age. By
about 40 million years ago, the Antarctic ice sheet began to form,
and by about 5 million years ago, the Arctic Ocean was ice-covered.
Since then, the Earth has experienced alternating glacial and inter-
glacial periods, with five major glaciations in the past 500,000 years.

55 MILLION YEARS AGO
As the Indian subcontinent was approaching
Asia, and South America and Africa were moving
apart to widen the narrow Atlantic Ocean, the
Earth was quite warm. Sea levels were higher,
submerging much of southeastern North Amer-
ica. The climates of Canada and northern Europe
were warm and moist.

▲
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GLACIAL LANDFORMS 

Glacial ice, flowing as alpine glaciers or as continental ice sheets,
creates many distinctive landforms found in high-latitude and
high-elevation parts of the world. Powered by gravity, the ice
picks up and carries away loose rock and soil while grinding and
polishing underlying bedrock. The sediment load is deposited
when the ice melts at or near the terminus of the glacier.

The Ice Age 433

ALPINE GLACIER 
Alpine glaciers form in re-
gions of high-elevation ter-
rain, where snowfalls are
large and temperatures
are cold year round. The
glaciers flow downhill like
rivers of ice, filling valleys
and carrying away loose
rock and debris.

▲

ICEBERG
Icebergs are huge masses of ice that break off
from glaciers flowing into ocean water. In
Antarctica, some icebergs are formed by the
breakup of ice shelves—massive ice sheets
that extend out from parent continental glaci-
ers but are still connected to them.

▲

GLACIAL STAGE
Continental glaciers move across the landscape, fill-
ing river valleys and damming them with ice. The ice
changes the topography as it sweeps up loose soil
and regolith and grinds away at bedrock. It carries
the debris to its terminus, where it is dumped in
piles or washed away by meltwater.

▲

POSTGLACIAL STAGE 
Melting reveals a terrain of stony soils with
grooved and polished bedrock formed at the bed
of the continental glacier. Beyond the ice sheet’s
margin are plains of outwash sand and gravel.

▲

ALPINE GLACIER 
Alpine glaciers are found
in many mountainous re-
gions of the world, even
though the Earth’s cli-
mate is presently inter-
glacial. Pictured here is
the terminus of the
Moreno Glacier where it
enters Lake Argentino,
Patagonia. The glacier
front is about 60 m
(200 ft) high.

▲

Visualizing
Glacial Climates and Landforms
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engulfed by the vast Laurentide Ice Sheet, which then
spread south into the United States.

South America also had an ice sheet that grew from
ice caps on the southern Andes Range south of about
latitude 40° S and spread westward to the Pacific shore,
as well as eastward to cover a broad belt of Patagonia.
The South Island of New Zealand, which today has a
high spine of alpine mountains with small glaciers, de-
veloped a massive ice cap in late Pleistocene time. All
high mountain areas of the world developed alpine
glaciers. Today, most remaining alpine glaciers are
small ones.

In Europe, the Scandinavian Ice Sheet centered on
the Baltic Sea, covering the Scandinavian countries,
and spread south into central Germany and far east-
ward to cover much of Russia. The European Alps were
capped by enlarged alpine glaciers. The British Isles
were mostly covered by a small ice sheet that had sev-
eral centers on highland areas and spread outward to
coalesce with the Scandinavian Ice Sheet.

Looking carefully at the maps in Figure 14.14, you
can see that the ice sheets seem to extend far out into
what is now the open ocean. This is because the sea
level was as much as 125 m (410 ft) lower than today,
exposing large areas of the continental shelf on both
sides of the Atlantic Basin. The exposed continental
shelf had a vegetated landscape and was populated with
animal life.

The weights of the continental ice sheets, covering
vast areas with ice masses several kilometers thick,
pushed down on the crust. This created depressions of
hundreds of meters at some locations. When the ice
melted, the crust began to rebound—and is still re-
bounding today in some locations.

INVESTIGATING THE ICE AGE

In the 1960s, geologists made a great scientific break-
through that helped them study the glacial history of
the Ice Age. First, they developed a technique for tak-
ing long sample cores of undisturbed fine-textured sed-
iments of the deep ocean floor. Then they discovered
how to use signs of ancient magnetism to discover how
old the sediment layers were. The Earth’s magnetic
field experienced many sudden reversals of polarity in

Cenozoic time, and the absolute ages of these reversals
are known with certainty. By observing these reversals
in the sediments, they were able to date the layers accu-
rately. They also studied the composition and chemistry
of the core layers, creating a record of ancient tempera-
ture cycles in the air and ocean.

Deep-sea cores reveal a long history of alternating
glaciations and interglaciations going back at least
2 million years and possibly 3 million years. In late-
Cenozoic time, there were more than 30 glaciations,
spaced about 90,000 years apart. We don’t know how
much longer this sequence will continue—possibly for
1 or 2 million years, or even longer.

POSSIBLE CAUSES OF THE ICE AGE

What caused the Earth to enter into an Ice Age? There
are at least four possible explanations. The first is re-
lated to plate tectonics, the second to volcanoes, the
third to changes in the Sun’s energy output, and the
fourth to changes in atmospheric composition.

The explanation related to plate tectonics suggests
that the motions of lithospheric plates after Pangea
broke apart were responsible for the Ice Age. In Permian
time, only the northern tip of the Eurasian continent
projected into the polar zone. But as the Atlantic Basin
opened up, North America moved westward and pole-
ward to a position opposite Eurasia, while Greenland
took up a position between North America and Europe.

The plate motions brought an enormous land-mass
area to a high latitude and surrounded a polar ocean
with land. This reduced, and at times totally cut off, the
flow of warm ocean currents into the polar ocean, en-
couraging ice sheets to grow. The polar ocean would
have been ice-covered for much of the time. At the
same time, the average air temperatures in high lati-
tudes would have lowered enough for ice sheets to grow
on the encircling continents. In addition, Antarctica
moved southward during the breakup of Pangea and
took up a position over the South Pole, where it was
ideally placed to develop a large ice sheet. Some scien-
tists have also proposed that the uplift of the Himalayan
Plateau—caused by the collision of the Austral-Indian
and Eurasian plates—modified weather patterns and
triggered the Ice Age.
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Volcanic activity has also been suggested as a possi-
ble cause of the Ice Age. Eruptions produce dust veils
that linger in the stratosphere and block solar radiation
(Figure 14.15). Perhaps an increase in volcanic ac-
tivity on a global scale in late-Cenozoic time temporar-
ily cooled near-surface air temperatures, somehow
triggering the start of the Ice Age. The geologic record
does confirm that there were periods of high levels of
volcanic activity in the Miocene and Pliocene epochs,
but no triggering mechanism has been demonstrated.

The third proposed cause of the Ice Age is a slow
decrease in the Sun’s energy output over the last sev-
eral million years (Figure 14.16). This could form
part of a slow cycle of increase and decrease over many
millions of years. As yet, we don’t have enough data to
identify whether this mechanism was responsible. But
research on this topic is being stepped up as satellites
give us new knowledge of the Sun and its changing
surface.

The last cause is a change in atmospheric composi-
tion. We have seen how greenhouse gases act to warm
the Earth, and a reduction in greenhouse gases could
cause an Ice Age. However, the concentration of green-
house gases is determined by a complicated process of
interaction and feedbacks between biological and phys-
ical processes and can change on a rapid timescale. Al-
though there is some evidence that greenhouse gas
levels have fallen at the start of ice ages and increased
at their end, it’s not certain just how or why such
changes might have taken place.

For now, most scientists seem to agree that tectonic
plate movements that affect oceanic and atmospheric
circulation are at least necessary, if not sufficient, for an
ice age to occur.

Volcanic eruption Figure 14.15

Large volcanic eruptions can generate plumes of dust and gas
that penetrate the stratosphere, creating persistent aerosols that
can block sunlight and cool the climate. Karymsky volcano, Kam-
chatka Peninsula, Russia.
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Solar output Figure 14.16

One possible cause of the Late-Cenozoic Ice Age is a reduction
in solar output.
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POSSIBLE CAUSES 
OF GLACIATION CYCLES

What timing and triggering mechanisms are responsi-
ble for the many cycles of glaciation and interglaciation
that the Earth is experiencing during the present Ice
Age? Although many causes for glacial cycles have been
proposed, in this book we’ll just discuss one major con-
tender, called the astronomical hypothesis. It has been un-
der consideration for about 40 years and is now widely
accepted.

The astronomical hypothesis is based on the mo-
tion of the Earth in its orbit around the Sun—which is
now well established (Figure 14.17). The Earth’s
orbit around the Sun is an ellipse, not a circle. We call

the point in the orbit nearest the
Sun the perihelion, and the
point farthest from the Sun the
aphelion. Today, the Earth is at
perihelion around December 5
and aphelion around July 5. But
astronomers have observed that
the orbit slowly rotates on a
108,000-year cycle, so the ab-
solute time of perihelion and aphelion shifts by a very
small amount each year. In addition, the orbit’s shape
varies on a cycle of 92,000 years, becoming more and
less elliptical. This changes the Earth–Sun distance and
therefore the amount of solar energy the Earth receives
at each point of the annual cycle.

436 CHAPTER 14 Glacial Landforms and the Ice Age

The shape of the Earth's orbit around the Sun varies from nearly circular to 
slightly elliptical with a period of about 108,000 years.

▼

▼

 

The Earth's axis of rotation slowly 
revolves, tracing a circle over a period 
of about 26,000 years.

 

▼

As the axis of rotation moves along 
the circle, it also varies its angle slightly 
from 22.1˚ to 24.5˚ with a period of 
about 41,000 years.

 

22.1˚
24.5˚

The astronomical hypothesis
Figure 14.17

Astronomical
hypothesis
Explanation for
glaciations and inter-
glaciations based 
on cyclic variations
in the solar energy
received at the
Earth’s surface.
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The Earth’s axis of rotation also experiences cyclic
motions. The tilt angle of the axis varies from about 22
to 24 degrees on a 41,000-year cycle. The axis also “wob-
bles” on a 26,000-year cycle, moving in a slow circular
motion much like a spinning top or toy gyroscope.

These cycles in axial rotation and solar revolution
mean that the annual insolation experienced at each
latitude changes from year to year. Figure 14.18
shows a graph of summer insolation received at 65° N
latitude for the last 500,000 years as calculated from
these cycles. The graph is known as the Milankovitch
curve, named for Milutin Milankovitch, the astronomer
who first calculated it in 1938. Looking at the figure,
you can see that the dominant cycle of the curve has a
period of about 40,000 years. But notice that every sec-
ond or third peak seems to be higher. Dating methods
using ancient ice cores and deep lake sediment cores
tell us that the peaks at about 12,000, 130,000, 220,000,
285,000, and 380,000 years ago correspond with the
rapid melting of ice sheets and the onset of deglacia-
tions. Most scientists studying climate change during
the Ice Age now agree that cyclic insolation changes ex-
plain the cycles of glaciation within the Ice Age.

HOLOCENE ENVIRONMENTS

About 10,000 years have elapsed since the Wisconsinan
Glaciation ended. We call that period the Holocene
Epoch. It began with a rapid warming of ocean surface
temperatures. Continental climate zones then quickly
shifted poleward, and plants recolonized the glaciated
areas.

There were three major cli-
matic periods during the
Holocene Epoch leading up to
the last 2000 years. These peri-
ods are inferred from studies of
fossil pollen and spores preserved in glacial bogs, which
show changes in vegetation cover over time (Figure
14.19). The earliest of the three is the Boreal stage,
characterized by boreal forest vegetation in midlatitude
regions. There followed a general warming until the
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The Milankovitch curve Figure 14.18

The vertical axis shows fluctuations in summer daily insolation at lat. 65° N for the last 500,000 years.
These are calculated from mathematical models of the change in Earth–Sun distance and change in
axial tilt with time. The zero value represents the present value.

Holocene
Epoch Last epoch
of geologic time,
commencing about
10,000 years ago
and including 
the present.

Pollen grains Figure 14.19

Pollen grains of different species have distinct sizes and shapes.
Where they are well preserved in a sample of Ice-Age sediment, it
is possible to determine the composition of the vegetation cover
that existed nearby. (Colors shown do not reflect true colors.)
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W
hat a G

eographer Sees

Ice sheets and global warming
These four satellite images document the disintegration of the Larsen B ice shelf in 2002. Over a period of 35 days, 3250 km2

(1254 mi2) of floating ice—an area about 20 percent larger than Rhode Island—fractured and collapsed into thousands of indi-
vidual icebergs. The event was the largest single event in the decline of the Larsen ice shelf, which has lost 13,500 km2 (about
5200 mi2) since 1974.

Geophysicists believe that the collapse was triggered as extensive meltwater ponds formed on top of the shelf. Meltwater
filled fractures in the ice, creating pressure at the bottoms of these cracks, forcing them to grow.

The ponds themselves formed during the particularly warm summer in a climate that has warmed by about 2.5°C (4.5°F)
since the 1940s. We don’t know the exact effects that human-induced global warming will have on the Earth’s ice sheets. But
we hope that any changes will be slow enough for us to adapt to them.

31 Jan 2002 23 Feb 2002

3 Mar 2002 5 Mar 2002

Atlantic stage, with temperatures somewhat warmer
than today, was reached about 8000 years ago (–8000
years). Next came a period of temperatures that were
below average—the Subboreal stage. This stage
spanned the age range –5000 to –2000 years.

We can describe the climate of the past 2000 years
on a finer scale, thanks to historical records and more
detailed evidence. A secondary warm period occurred
in the period A.D. 1000 to 1200 (–1000 to –800 years).
This warm episode was followed by the Little Ice Age,
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CONCEPT CHECK

What is glaciation?

What is an ice age? In which three
epochs of the Cenozoic Era did the Ice
Age occur?

Give three possible causes for the Late-Cenozoic
Ice Age.

Name the most established hypothesis that
explains the glaciation cycles.

STOPSTOP

A.D. 1450–1850 (–550 to –150 years), when valley glaciers
made new advances and extended to lower elevations.

Global temperatures have been slowly warming
within the last century. How will this affect the existing

continental ice sheets of Greenland and Antarctica?
“What a Geographer Sees: Ice sheets and global warm-
ing” looks at how ice shelves are already responding to
rising temperatures.

This photo was taken by

an astronaut on the

Space Shuttle and

shows the Finger Lakes

region of New York. The

long, deep, parallel

basins, which now hold

lakes, have been called

“inland fiords.” The

lakes are oriented

roughly in a north-south

direction.

■ Explain how an ice

sheet could have cre-

ated the basins from a

set of former stream

valleys. In which direc-

tion do you think the ice

sheet may have been

moving?

What is happening in this picture ?
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1Glaciers

1. Glaciers form when snow accumulates
to a great depth. They are plastic in
their lower layers and flow outward or
downhill.

2. Glaciers can erode bedrock by abrasion
and plucking. They leave depositional
landforms when the ice melts.

3. Alpine glaciers develop in high moun-
tains. Ice sheets are huge plates of ice
and are present today in Greenland and
Antarctica.

2Alpine 
Glaciers

1. Alpine glaciers flow downvalley,
picking up rock debris and de-
positing it in moraines.

2. Through erosion, glaciers carve U-
shaped glacial troughs, which can
become fiords if later submerged
by rising sea level.

3Ice Sheets 
and Sea Ice

1. The Antarctic Ice Sheet includes ice
shelves—great plates of floating
glacial ice.

2. Icebergs form when glacial ice breaks
into chunks. Sea ice, which is much thin-
ner and more continuous, is formed by
direct freezing of ocean water and accu-
mulation of snow.

3. Moving ice sheets create many types of
landforms, including moraines, outwash
plains, eskers, till plains, and drumlins.

VISUAL SUMMARY
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4The Ice 
Age

1. An ice age includes alternating periods of glaciation, deglacia-
tion, and interglaciation. During the past 2 to 3 million years,
the Earth has experienced the Late-Cenozoic Ice Age.

2. Plate tectonics, increased volcanic activity, and a reduction in
the Sun’s energy output are possible causes of the Ice Age.

3. Individual cycles of glaciation seem strongly related to cyclic
changes in Earth–Sun distance and axial tilt.

CRITICAL AND CREATIVE THINKING QUESTIONS
4. What are moraines? How are they

formed? What types of moraines are
there?

5. What is an ice sheet? Identify the land-
forms and deposits associated with
stream action at or near the front of an
ice sheet.

6. Identify the landforms and deposits as-
sociated with deposition underneath a
moving ice sheet.

■ alpine glacier p. 419

■ ice sheet p. 419

■ glacial trough p. 421

■ fiord p. 424

■ sea ice p. 426

■ iceberg p. 426

■ glacial drift p. 427

■ glaciation p. 430

■ Late-Cenozoic Ice Age p. 431

■ astronomical hypothesis p. 436

■ Holocene Epoch p. 437

1. How does a glacier form? What factors
are important? Why does a glacier
move?

2. What are some typical features of an
alpine glacier? Sketch a cross section
along the length of an alpine glacier
and label it.

3. What is a glacial trough, and how is it
formed? What is its basic shape? In
what ways can a glacial trough appear
after glaciation is over?

7. Identify the landforms and deposits as-
sociated with lakes that form at ice
sheet margins.

8. At some time during the latter part of
the Pliocene Epoch, the Earth entered
an ice age. Describe the nature of this
ice age and the cycles that occur within
it. What explanations are proposed for
causing an ice age and its cycles? What
cycles have been observed since the
last ice sheets retreated?

KEY TERMS
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1. What condition must be met for a glacier to begin flowing
downhill?
a. Snow compacts into granular ice.
b. Snow compacts into hard crystalline ice.
c. The ice mass must become so thick that the bottom layers

become plastic.
d. Evaporation and melting must occur over several years.

2. The diagram shows a cross section of an alpine glacier. Label
the following regions: (a) cirque, (b) firn field, (c) lateral moraine,
and (d) zone of ablation.

5. Where two cirque headwalls intersect from opposite sides, a
jagged, knife-like ridge called a(n) _______________ is formed.
a. arête c. horn
b. tarn d. col

6. A ridge or pile of rock debris left by glacial action that marks
the terminus of a glacier is called a _______________.
a. medial moraine c. terminal moraine
b. recessional moraine d. lateral moraine

7. Of the following locations, which is not covered with an ice
sheet?
a. North Pole c. Greenland
b. South Pole d. Antarctica

Headwall

Rock
step
Abrasion

Plucking

3. Which regions of the glacier, as shown in the diagram, move
most quickly? What might cause an alpine glacier to surge?

4. _______________ produces grooved and polished bedrock sur-
faces that mark the former path of movement of glacial ice.
a. Glacial plucking c. Glacial deposition
b. Glacial abrasion d. Glacial erosion 8. _______________ are bodies of land ice that have broken free

from glaciers that terminate in the ocean.
a. Bergs c. Sea ice
b. Icebergs d. Pack ice

9. A succession of glaciations regularly interrupted by warmer in-
terglacial periods constitutes a(n) _______________.
a. glacial period c. ice age
b. freezing epoch d. interstadial

442 CHAPTER 14 Glacial Landforms and the Ice Age

SELF-TEST
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10. The diagram shows some of the landforms produced by conti-
nental glaciers. Label the following features: (a) drumlins, (b) es-
kers, (c) kettles, and (d) the outwash plain.

12. Agriculture is sometimes difficult in formerly glaciated terrains
because _______________.
a. the climate is too cold to sustain crops
b. glacial activity scraped away almost all of the soil
c. the topography is too variable for farming
d. glacial till is often stony and hard to cultivate

13. What may have caused the Earth to enter into an Ice Age in the
late Cenozoic Era?
a. volcanic activity c. decreased solar output
b. plate tectonics d. all of the above

14. The most likely explanation for the cyclical nature of glaciations
and interglaciations during the Pliocene and Pleistocene
epochs involves _______________.
a. the changing distance between the Earth and Sun
b. the changing tilt of the Earth’s axis of rotation
c. both a and b
d. none of the above

15. The elapsed time span of about 10,000 years since the Wiscon-
sinan Glaciation ended is called the _______________.
a. Holocene Epoch c. Paleocene Epoch
b. Miocene Epoch d. Pleistocene Epoch

11. Closed basins in nonglaciated regions that experienced cooler
and moister conditions during glacial periods sometimes filled
with water to form _______________ lakes.
a. marginal c. pluvial
b. glacial d. proglacial
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