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The Story
Matters...

These women are like many other
workers at the mills of Lowell,
Massachusetts. They have come

to earn wages and to live in the
comfortable company town mill-
owners have built. At Lowell, the
women can earn good wages and
enjoy the cultural offerings designed
to help them grow into fine,
upstanding members of society.

The women hear that other factories
do less for their workers. Also, more
and more immigrants are arriving
each day. The immigrants are
hungry—and willing to work longer
hours for lower wages. Things are
changing at Lowell.
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[n the third phase, workers used machines to complete tasks.
For €x ample, machines callt?d looms wove cloth using the power
Jf flowing water. The machines worked much faster than any
suman could. The worker’s job changed from weaving to tending
{he machine.

Mass production of cloth began in New England in the mid-
1800s. Then, Elias Howe invented the sewing machine in 1846,
Workers could now make clothing in mass quantities by using
machine-made fabrics and sewing machines.

Similar changes were transforming other industries and
sffecting the North’s economy. By 1860, the Northeast’s factories
made at least two-thirds of the country’s manufactured goods.

Changing Transportation

Improvements in transportation contributed to the success of
the new American industries. Between 1800 and 1850, crews
built thousands of miles of roads and canals. By connecting lakes {
and rivers, canals opened new shipping routes. In 1807 inventor
Robert Fulton launched his first steamboat, the Clermont, on the
Hudson River. Steamboats made fast upstream travel possible.

They carried goods and passengers more cheaply and quickly '('I‘i;::::::i:’z‘i’:ﬁ;"r::; ;:""‘Y:‘lk
along inland waterways than flatboats or sail-powered vessels did. Gity to San bracions B9 degs
In the 1840s, builders began to widen and deepen
canals to make space for steamboats, By 1860, about T |

3000 steamboats traveled the country’s major
rivers and canals, as well as the Great Lakes.
This encouraged the growth of cities such as
Cincinnati, Buffalo, and Chicago.

Sailing technology also improved in
the 18405 The new clipper ships featured
ta!] sails and sleek hulls. They could
il 300 miles (483 km) per day, as
45tas most steamships at that

: ]E ‘I name because they
“IPped” time from long

2;" the eastern United
it €50 Asia and retu
g Cargoes of silk, and

t¢a that were still fresh
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4 western United States. Two competing railroad companies
. laying track from Sacramento, California, and Onfaha. lﬁ? mn: mﬁ}m
xebraska. They met at Promontory Point, Utah, on May 10, 1869, experience, tell your partner about the
«here the final spike linking the two tracks was driven. With the Fpariencs.
ranscontinental railroad’s completion, the American West was
opened for settlement.

progress With Problems

As more people moved more quickly along railways and waterways,
the possibility of disaster also increased. The SS Central America
wasa 270-foot side-wheel steamer that carried passengers and
cargo between New York and the Central American country of
Panama. In September 1857, the ship was carrying a full load of
passengers when it steamed into a hurricane. It sank off the coast
of the Carolinas, and hundreds of people drowned.

In Pennsylvania, some 60 people were killed and more than
100 injured when two trains slammed head on into each other in
July 1856. The Great Train Wreck of 1856 horrified the nation.
Newspapers demanded that railroad companies improve their
methods and equipment and make the safety of passengers their
first concern.

(ommunications Breakthroughs
The growth of industry and the new pace of travel created a need for

{aster methods of communication. The telegraph (teheluhegraf)—
tdevice that used electric signals to send messages—filled that need.

Making Conmections Looking at
the map, you can see that mast of
the railroad mileage runs between
eastern and western points. Why




ne of these inventions was the steel-tipped plow developed
- n Deere in 1837, This allowed farmers to cut through the

| hard-packed prairie sod. Knowing that they would be able to
the land on the prairies helped people make the decision to
move west. Equally important to the transformation of farming
were the mechanical reaper, which sped up the harvesting of
wheat, and the thresher, which quickly separated the grain from
the stalk. Each of these innovations reduced the labor required
for farming.

McCormick’s Reaper

Cyrus McCormick was the genius behind the invention of the
mechanical reaper. Before this invention, farmers had harvested
grain with handheld cutting tools. McCormick’s reaper greatly
increased the amount of crop a farmer could harvest. Because
farmers could harvest more wheat, they could plant more of it.
Growing wheat became profitable. Raising wheat became and
would remain the main economic activity on the Midwestern
prairies.

New machines and the ease of access to railroads allowed
farmers to plant more acres with cash crops. Midwestern
farmers grew wheat and shipped it east by train and canal
barge. Northeast and Middle Atlantic farmers increased their
} production of fruits and vegetables.

In spite of improvements in agriculture, the North was

steadily becoming more industrial and urban. Agriculture in FoLbagies
the region was still growing, but industry was growing faster. study Organizer | SIS
| Rt
READING PROGRESS CHECK R
ond Ecanomy
Identifying What innovation sped up the harvesting of wheat?
ussony review dp
Review Vocabulary 4. Explaining How did technology make farming
)
1. Use these two words in a sentence that more profitablef arc
shows their importance to American life in 5. Describing Describe the characteristics and
the early 1800s. 278 benefits of the free enterprise system in the North
a. telegraph b, Morse code in the 1800s. 148
An + : 6. EXPOSITORY WRITING Which one of the
swer the Guiding Questions following individuals do you think created the
L. Analyzing How did canals and railways affect invention with the greatestimpact on the nation’s
manufacturing and trade in the United States economic growth and development? Explain why. 2
e - Samuel Morse
3 Analyzing How did the invention of the telegraph - John Deere
Impact communication in the United States? 278 « Cyrus McCormick
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‘Employees often worked under harsh conditions. In the
summer, factories were hot and stifling, The machines gave off
heat, and there was no such thing as air-conditioning at that time.
'm;ewisa in the winter workers were often cold because most
ctories had no heating.

No laws existed to control working conditions or protect

. Factory owners were often more concerned about profits
about employees” comfort and safety.
labor was also a serious problem. Children in factories
worked six days a week and 12 hours or more a day. The work
angerous and hard. Young workers tended machines in mills
worked underground in coal mines. Reformers called for laws
 toregulate child labor, shorten work hours, and improve conditions.
Many years passed before child labor regulations became law.

Workers’ Attempts to Organize

Workers tried various ways to gain better conditions in the
workplace. By the 1830s, they began organizing into unions.
Skilled workers formed trade unions. These were groups of
workers with the same trade, or skill. The idea was that by
working together, union members would have more power than
they would as individuals.

InNew York City, skilled workers wanted to receive higher
wages and limit their workday to 10 hours. Groups of skilled
workers formed the General Trades Union of the City of New
York. The workers staged a series of strikes in the mid-1830s. A
sirike is a refusal to work in order to put pressure on employers.

Going on strike was illegal in the early 1800s. In addition to
- thethreat of losing their jobs, workers who went on strike faced

Punishment for breaking the law. In 1842 a Massachusetts court

that workers did have the right to strike. Workers would not
Teceive other legal rights for many more years.

African Americans in the North
ln.the North, slavery had largely disappeared by the 1830s.
Tacial prejudice (PREHsjuhedihs)—an unfair opinion of
*8l0up—and discrimination (dihsekrihemuhsNAYeshuhn)—
treatment of a group—remained. Some discrimination was
For example, white men in New York no longer had to
Property in order to vote. Few African Americans enjoyed
Tight. Rhode Island and Pennsylvania passed laws to keep
Americans from voting.

this

! :'ﬂ o0 group of workers with the same ~ prejudice anunfairopinionnotbasedon
% rike facts _
; &ﬁﬁzﬂmmmpwbymnlmesasapmtest discrimination unfai treaiment

T

~ Connections to — —f

|

TODAY

In the United States today,

federal laws place strict limits

on the work children can do

The Fair Labor Standards Act

limits the hours that a child

under the age of 16 can work.

It also prohibits children
from certain da ngerous jobs

such as working in logging or
operating a crane. States also

have child labor laws, which

are sometimes even more strict

than federal law.

Manufacturers often hired children
because they could pay children
lower wages than adult workers.

Lesson 2
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IMMIGRATION IN THE MID-1800s

SOURCES OF U.S. IMMIGRATION 1841-1860 IMMIGRATION 1820-1860
AN

g 8
g

ANNUAL IMMIGRATION
(IN THOUSANDS)
e
8

100
0
1820 1830 1840 1850 1860 I;
b o
Immigrants came to the United

Pittsburgh. Cincinnati, and Louisville also prnﬁted from their States from different countries in
locations on waterways. These cities became centers of trade that the mid-1800s.
linked Midwest farmers with cities of the Northeast. ) INTERPRETING GRAPHS

What share of immigrants came
Increased Immigration from Great Britain and Ireland

g

Between the years 1840 and 1860, immigration to the United :‘;‘:?mﬁ fakozdinl

States grew sharply. The greatest number of immigrants came

from Ireland. A plant disease, the potato blight, destroyed most © crimicaL THINKING

Drawing Conclusions What

of the Irish food SUPPlY in the qu-iQS. The pEOPlt‘ 0'_. [?eland faced can you conclude about Germany
ne. an extreme shortage of food. About 1.5 million of them and Ireland during this time,
keft Ireland for the United States between 1846 and 1860. Many based on this information?

$éltled in Boston, New York City, and other Eastern cities.

The second largest group of immigrants in the United States
ween 1820 and 1860 came from Germany. Some sought work
and opportunity. Others fled to escape political problems at home.

European immigrants brought languages, customs, religions,
nd traditions to their new country. Some of their ways of living
$hanged American culture, Sometimes, however, their customs
*0d religion also aroused conflict.

Immigrants Face Prejudice

I the 18305 and 1840s, some people began to resist immigration.
£y were known as nativists (NAYetihsvihsts). Nativists A

behe""d that im migration threatened the future of “native o

_MeTican-born—citizens. They often blamed immigrants for

prpbhm.s in American society. ‘Sume accused immigrants of

"INging crime and disease to U.S. cities. "

a\.c‘ II‘]“!_' nativists were members (\l:th‘ “‘Urk,ing \.‘I-alss. ]|1':\ i
Used Immigrants Of-lalkil'lg jobs from workers w h-..\ were “real

. €ficans, They were also angry that immigrants often would

ork f,
tor lower wages.

A
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Lesson 3

Southern Cotton Kingdom

L QUESTION Why do people make economic choices?

IT MATTERS BECAUSE

The demand for cotton deepened the white South’s commitment to
slavery and a slave-based economy.

Rise of the Cotton Kingdom

GUIDING QUESTION How were the economies of the South and North different?

In the early years of the United States, the South had an economy
based almost entirely on farming, despite the fact that settlers had
developed only a small part of the region. Most Southerners lived
in the Upper South, an area along the Atlantic coast in Maryland,
Virginia, and North Carolina. A few people had also settled in
Georgia and South Carolina.

By 1850, the South had changed. Its population had spread
inland to the Deep South. This region includes Georgia and
South Carolina, as well as Alabama, Mississippi, Louisiana, and
Texas. The economy of the South was thriving, That economy
depended, however, on slavery. In fact, slavery grew stronger than
ever in the South, while it all but disappeared in the North.

Cotton Is King

Southern planters grew mainly rice, indigo, and tobacco in

colonial times. After the American Revolution, demand for these

crops decreased. European mills now wanted Southern cotton,
Raising a cotton crop took a large amount of time and labor.

After the harvest, workers had to carefully separate the plant’s

sticky seeds from the cotton fibers.

lesson} 437
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Southern Industry |

GUIDING QUESTION Why did industry develop slowly in the South? I

Industry developed more slowly in the South than in the North. ‘
Why was this so? One reason was the boom in cotton. Agriculture,
especially cotton farming, produced great profits. Building new
mdustry is costly. Planters would have had to sell enslaved people
orland to raise the money to build factories. They chose instead to
| ovestin profitable agriculture—including enslaved Africans.
In addition, the market for manufactured goods in the South
was smaller than that in the North. Enslaved people, who made
up a large share of the population, had no money to buy goods.
This limited local market discouraged industries from developing.
For these reasons, some white Southerners simply did not ‘
want industry. One Texas politician, Louis Wigfall, summed up
that Southern point of view: Catton's role in the economy of the
South—and the nation—increased

s sounce | in the 1800s.

¥ We want no manufactures: we desire no trading, no mechanical or manufacturing dlasses, €) INTERPRETING GRAPHS
L 2 mmand wealth to How did cotton's share of the U.S
long a5 we have our rice, our sugar, our tobacco and our cotton, we can <o e bl
Purchase afl we want. 99 1800 and 18607

—quoted in Louis T. Wigfall, Southern Fire-Eater e CRITICAL THINKING

Identifying Cause and Effect

How do you think increases in
INCREASES IN PHODU(TW”Y productivity affected the demand .
for enslaved labor? Explain

New inventions helped increase worker productivity in the 1800s. Increased productivity meant
could grow more cotton to sell. By the mid-1800s, cotton made up more than one-half of

COTTON PRODUCTION AS A
PERCENTAGE OF U.S. EXPORTS

Elias Howe’s sewing machine

1800 1820
drove up worker productivity by
enabling workers to make large
amounts of clothing in a day. 0
Wy
[ ‘ 1040 1860

Sowrve
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" Southern plantations

People of the South

|

IT MATTERS BECAUSE

Enslaved Africans faced many hardships but were able to establish
family lives, religious beliefs, and a distinct culture,

Southern Agriculture

GUIDING QUESTION How were Southern farms different from Southern plantations?

Slavery was at the heart of the Southern economy, but that did not
mean that every white person owned large numbers of enslaved
people. White society in the South was complex and had many
levels. Most white Southerners fit into one of four categories:
yeomen, tenant farmer, ru ral poor, or plantation owner.

Small Farmers and the Rural Poor

Most white people in the South were yeomen (YOHsmuhn),
farmers who generally owned small farms of 50 to 200 acres
(20-81 ha). These yeomen lived mostly in the Upper South

and in the hilly areas of the Deep South. They did not practice
plantation-style agriculture. They grew crops to use themselves
and to trade with local merchants. Yeomen generally owned few
or no enslaved African Americans.

Another group of Southern whites worked as tenant farmers.
They rented land from property owners,

"f‘hese classes of white Southerners made up the majority
of the white population of the South. They lived in simple
homes—cottages or log cabins. The poorest of these groups
lived in crude cabins.

Content Vocabulary

«yeoman - slave codes

- overseer - Underground Railroad
«spiritual - literacy

lessond 441



-

1

— Connections to —4
TODAY |

From the rhythmic patterns
and themes of work songs and
spirituals arose a new musical
form—the blues. The blues
influenced later styles,
incleding jazz. rock and roll,

Reading HELPDESK

i |

In the face of this threat, enslaved people set up a network of
relatives and friends. If an owner sold a father or mother, an aunt,
an uncle, or a close friend stepped in to raise the children left
behind. These networks were a source of strength in the lives of
enslaved people. Large, close-knit extended families became an
important part of African American culture.

African American Culture

In 1808 Congress banned the importation of enslaved persons,
Slavery remained legal, but traders could no longer purchase
enslaved people from other countries. Some illegal slave trading
continued, but by 1860, almost all the enslaved people in the
South had been born there.

Though most enslaved people were born in the United States,
they tried to preserve African customs. They passed traditional
African folk stories on to their children. They performed African
music and dance.

Enslaved people also drew on African rhythms to create
musical forms that were uniquely American. One form was the
work song, or field holler. A worker led a rhythmic call-and-
response song, which sometimes included shouts and moans.
The beat set the tempo for their work in the fields.

African American Religion

Many enslaved African Americans followed traditional African
religious beliefs and practices. Others, however, accepted the
Christian religion that was dominant in the United States.
Christianity became for enslaved people a religion of hope and
resistance. Enslaved people prayed for their freedom. They
expressed their beliefs in spirituals, African American religio®
folk songs. The spiritual below, for example, refers to the biblict
story of Daniel, whom God saved from being eaten by lions:

€€ Didn't my Lord deliver Daniel
Deliver Daniel, deliver Daniel
Didn't my Lord deliver Daniel |
An"why not-a every man. 3% |
pane” |
— from “Didn't My Lord Delle! 1

e

———

’ spiritual an African American religious
folk song

444  North and South
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BIOGRAPHY

Harriet Tubman
(€. 1820-1913)

Hamet Tubman was bom into slavery
in Maryland. She escaped in 1849
and fled 10 Philadelphia. The
following year Tubman retumed to
free her family. This began a career
during which she made 19 trips 1o
the slaveholding South and heiped
about 300 siaves escape to freedom.
During the Civil War, Tubman helped
the Union Army. In June 1863, she
led a squad of African Amencan
soldiers on a South Carolina mission
that led to the freeing of 800 enslaved
African Americans. After the war,
Tubman became an active women's
suffragist and created the Home for
the Aged in Aubum, New York. She
died there in 1913.

» CRITICAL THINKING
Drawing Condlusions Why do you
thimk Tubman was willing to risk her
own freedom 10 help free other enslaved
African Amencans?

Reading HELPDESK

AAE  Wiswh and Cauth

Two months after the uprising began, authorities captured
and hanged Turner. Still, his rebellion terrified white Southerners
W hite mobs killed dozens of African Americans, many of whom
had nothing to do with the rebellion. Whites also passed more
severe slave codes, making life under slavery even harsher.

Armed revolts such as Turner’s were rare because enslaved
African Americans realized they had little chance of winning
For the most part, enslaved people resisted slavery by working
slowly or by pretending to be ill. Sometimes they might set fire
to a plantation building or break tools. Such acts helped enslaved
African Americans cope with their lack of freedom. Even if they
were not free, they could strike back at the slaveholders.

Escaping Slavery

Enslaved people also resisted by running away from their owners.
Often their goal was to find relatives on other plantations.
Sometimes they left to escape punishment.

Less often, enslaved African Americans tried to run awayto
freedom in the North. Getting to the North was very difficult.
Among those who succeeded were Harriet Tubman and Frederick
Douglass, two African American leaders.

Most who succeeded escaped from the Upper South. A
runaway might receive aid from the Underground Railroad, 2
network of “safe houses” owned by people opposed to slavery.

Moses Grandy, who did escape, spoke about the hardships
runaways faced:

PRIMARY SOURCE

66 They hide themselves during the day in the woods and swamps; at might theY
travel....In these dangerous journeys they are quided by the north-sta, fo they ¢
know that the land of freedom is in the north. 99

—-Mmﬂannﬁuoﬂmhf"me

The big danger, of course, was capture. Most runaway* -
caught and returned to their owners. The owners punish
severely, usually by whipping,

I READING PROGRESS CHECK

Explaining Why did the African American spirituals develop?

) I.lndroundl!allrud a system of cooperation
to aid and house enslaved people who had escaped
literacy the ability to read and write

m"l:!;l dmmm;bm 2 social studies topic.
academic and social sy
words 5 you can in your speech Jiidsens
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Plantation owners—who were almost always men—traveled
often in order to ensure fair dealings with traders. Their wives
often led difficult and lonely lives. They took charge of their
households and supervised the work done in the other buildings.
They watched over the enslaved domestic workers and sometimes
tended to them when they became ill. Women also often kept the
plantation’s financial records.

Keeping a plantation running involved many tasks. Some
enslaved people cleaned the house, cooked, did laundry and
sewing, and served meals. Others were trained as blacksmiths,
carpenters, shoemakers, or weavers. Still others tended livestock.
Most enslaved African Americans, however, were field hands.
They worked from sunrise to sunset to plant, tend, and harvest
crops. An overseer (OHevuhreseesuhr), or plantation manager,
supervised them.

B READING PROGRESS CHECK
Mdentifying What group made up the largest number of whites in the South?

The Lives of Enslaved People

GUIDING QUESTION How did enslaved African Americans try to cope with their lack
of freedom?

The social and economic realities of slavery made the life of

most enslaved African Americans one of hardship and misv.:r‘v.

They worked hard, earned no money, and had little hope of

freedom. They lived with the threat thata slaveholder could sell

them or members of their family without warning. In the face

of these brutal conditions, enslaved African Americans tried to

build stability. They kept up their family lives as best they could.
€Y developed a culture all their own that blended African

ind American elements. They came up with clever ways to

Teslst slavery,

Mrican American Family Life

The law did pot recognize slave marriages. Still enslaved
People did marry and raise families, which provided
mfort ang SUP.I‘hrI. Uncertainty and danger, however,
“ere always present. There were no laws or customs that
“ould stop a slaveholder from breaking a family apart. It
B sl“"'h“hlt'r chose to—or if the slaveholder died families
Ould be and often were separated.

Nerseq, I —————

¥ plantation manager

A

The punishments used against
laved people pping
which could leave terrible scars.

lesond 443
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About the language 3: impersonal verbs

1 In Stage 11, you met the verb placet. Notice again how it is used:

mihi placet hoc donum accipere.

It pleases me to receive this present.
Or, in more natural English:

1 am glad fo receive this present.

nobis placet.
It pleases us

Or, in more natural English:
We like it.

2 The following verbs are used in a similar way:

nos decet praemium Modestd dare.

It is proper for us to give a reward to Modestus.
Or, more naturally:

We ought to give a reward to Modestus.

me taedet huius vitae

It makes me tired of this life.
Or, more naturally:

1 am ftired of this life.

Romanos numquam oportet hostibus crédere.

It is never right for Romans to trust the enemy.
Or, more naturally:

Romans must never trust the enenty.

3 These verbs are known as impersonal verbs. Their literal English
equivalent always involves the general idea of “it.”

tibi placet?

saltatricem spectare volo! mé taedet cibi et vint!
semper pluit!

Britannos decet extra aulam manere.

nunc advesperascit.

nos oportet régnum Cogidubni occupare.

Prev Page 132 Stage 28



= Navigation

Archaeological evidence

The task of archaeologists is to uncover and explain the remains of the
past. First they must locate a suitable site to excavate. Some sites are
already known but have not been completely excavated; others are
found by accident. In 1960 a workman digging a drain came across
fragments of a mosaic floor and this chance discovery led to the
excavation of the palace at Fishbourne. When sites are needed for road
building or other kinds of development, archaeologists may have
limited time in which to excavate before the bulldozers move in or the
remains are reburied.

Once the site has been located, archaeologists have to plan and
carry out a careful scientific survey and excavation of the area. As the
earth is removed from a site, they will watch for two things: the
existence and position of any building foundations, and the way in
which the various levels or layers of earth change color and texture. In
this way they build up a picture of the main features on the site.

At the same time they carefully examine the soil for smaller pieces
of evidence such as bones, pottery, jewelry, coins, and other small
objects. The aim is not simply to find precious objects but to discover
as much as possible about the people who used the buildings, what
their lives were like, when they lived there, and even perhaps what
happened to them. For such work the archaeologist needs some of the
same kind of training and skills as a detective.

A rescue excavation: a Roman
bathhouse in London, England.
This excavation was undertaken
during the construction of a new
rail link.

An excavation in London on
the site of the temple of Mithras
has uncovered 10,000 Roman

artifacts including fences, clothing,

documents, and even this woven
basket.

Prev Page 136 Stage 28
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Pottery is also one of the clues that can reveal trade and travel patterns.
The presence on a British site of pottery which has come from Italy or
Gaul shows that, at the time the site was occupied. goods were
imported from those areas. In addition, the owner of the villa was
wealthy enough to pay for such imported goods.

By painstaking excavation archaeologists have been able to
reconstruct a remarkably detailed picture of the Roman occupation of
Britain. Layers of ash, charred pottery, and other burned objects
indicate a destruction by fire; a mass of broken rubble may suggest
that a building was demolished, perhaps to make way for a larger,
better one. Many sifes in Britain show a gradual development from a
simple timber-framed farmhouse building to a larger stone house to a
grander, multi-roomed mansion with baths, mosaic pavements, and
colonnades. The fact that most of the Romano-British villas were in
the southeast, whereas the military fortresses were established in the
north and west, suggests that Britain was largely peaceful and
prosperous in the southeast but still troubled by the threat of hostile
tribes in the northwest. Traces of a vast network of Roman roads have
been found, showing just how numerous and effective S -gricola o govern Britam,
communications must have been. Parts of many Romano-British wasminted in AD 73. But coins
towns have been excavated, revealing how advanced urban life was. It circulated for many years; this was
is not uncommon to find the remains of an extensive forum, carefully feund with other coins issued a
laid out grids of streets, the foundations of many large buildings century later
including temples with altars and inscriptions, sometimes a theater and
an amphitheater, and substantial city walls.

The excavation of military sites, such as forts, marching camps. and
legionary fortresses, has shown how important the army was in
maintaining peace and protection for the province. It has also shown
very clearly the movements of the legions and auxiliaries around the
country and told us much about the lives of Roman soldiers.

Finds of coins and pottery are
useful in dating levels, but need
careful interpretation. This denarius
of the Emperor Vespasian, who

9 This small fragment of a pottery
h bowl can be dated by the style of

decoration. It was made in central
Gaul about AD 240-270. However,
it would have been an expensive
import and so could have been
treasured for generations before it
eventually broke and was thrown

,/‘). Plan of Calleva (Silchester). ey
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Inscriptional evidence

DM
Some important evidence about the Roman occupation of Britain comes LLICINIUSLF
from inscriptions, particularly on the tombstones of soldiers. Here is the TER VALENS
inscription on the tombstone of a soldier who was buried at Deva. ARE VETERAN
At first sight, this looks difficult to decipher. The task. however, is LEG XX VV AN VL
made easier by the fact that most of these inscriptions follow a standard HSE

pattern. The items are usually arranged in the following order:

1 The dedication at the top of the stone — D M — abbreviation for Dis
Manibus (to the spirits of the departed).

2 The praenomen. This is the first of a citizen’s three names and is usually
abbreviated to a single letter, as here — L for Lacius.

3 The nomen. Always given in full, as here — Licinius.

4 The father’s name. It is usually only the father’s praenomen that is given,
and this can be recognized in abbreviated form by the single letter
which comes before an F representing filius. The son often had the same
praenomen as his father, as here L F for Liicil filius.

5 Tribe. Roman soldiers were Roman citizens and were therefore enrolled in
one of the thirty-five Roman ftribes which were used for voting purposes.
The name of the tribe is abbreviated, as here — TER for Teretina.

6 The cognomen. This is the last of the three names, usually placed after the
father’s name and the voting tribe in which the soldier was enrolled. It is
always given in full, as here — Valens. Three names were a mark of Roman
citizenship and therefore an important indication of status.

7 Birthplace. This can usually be identified as a town in the Roman empire,
thus ARE for Arelate (modern Arles in the south of France).

8 Rank and legion. They are usually both abbreviated — VETERAN for
veteranus (a retired soldier or one coming up to retirement); LEG XX VV
for legionis XX Valeriae Victiicis (Twentieth Legion Valeria Victrix).

9 Age. This is represented by AN or ANN for annorum, followed by a
number. This number is often rounded off to a multiple of 5. Sometimes
VIX for vixit (lived) is placed before AN.

10 Length of service (not included in the inscription above). This is
represented by STIP followed by a number, e.g. STIP X for stipendia X (ten
years’ service).

11 The final statement. This is abbreviated, and usually takes the form of HS E
for hic situs est (is buried here) or H F C for héres faciendum caravit (his
heir had this stone set up).
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3 aliquandd pompae splendidae per forum 4 prope medium forum est templum
dacuntur. Vestae, ubi ignis sacer a Virginibus
Vestalibus ctiratur.

5 in extrémod foro stant Rostra, ubi Oratidongs 6 prope Rostra est carcer, ubi captivi
apud populum habentur. populi Romant custddiuntur.
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27. 0 = 5x{0}
oA R
31 2x=2{4)

A%, 15=09x—3{2}




|

) g;oose a :::;:’le to represent the number described by the words in
a. C
b Wﬁmt:ngg;aﬁon that represents the given inforqlauon.

pencils costs $1.39. (Cost of one pencil in centsa). e

48. A package of a dozen
49. The perimeter of a squ
50. All but 5 of the 34 invite

the party)a. g b g+5=34
Translate each problem into an equation. Drawing a sketch may help you.
Celia. If the product of their ages is 140, find

: older than
S gl g Celia’s age; x(x + 4) = 140

each person’s age. Let X = -
52. The length of a rectangle is 5 cm more than its width. If the area of the
2 find the dimensions of the rectangle.
width of rectangle; x(x + 5) = 176

d guests came t0 the party. (Number of guests at

rectangle is 176 cm”,
Let x =

Solve using the five-step plan. Write out each step. A choice of possible

numbers for one unknown is given.

53. The number of tickets Cynthia sold is 12 less than half the number Holly
sold. Together they sold 114 tickets. How many tickets did each sell?

Choices for the number Holly sold: 68, 72, 84 Cynthia, 30; Holly, 84

54. Jim weighs 40 Ib more than Stephanie. Stephanie weighs three fourths as

are is 52 m. (Length of a side in meters) 5 o b 4o =

= [T =
- 1“m
> ' . -
- R - 1 L}
: !

:(1;5)'

12""‘1.'39_

(1-6)

(1)

much as Jim. How much does each weigh? Choices for Stephanie’s weight:

120 Ib

100 1b, 118 Ib, 120 Ib Jim, 160 Ib; Stephaniz,

Write a number to represent each situaticn. Th s write the opposite of

that situation and write a number to reprasesst i,
400; 400 ft below sea level; — 4.,_-}00 rep

55. 400 ft above sea level

57. Ten losses —10; ten wins; 10 38. Seven floors up 7; seve

{1-8)

-50; a deposit of $50; 50
6. A bank withdrawal of $50

n floors down, —7

Graph the given numbers on a number line. (1-8)
; :
5. 5, 2 2 3, —4 60, =3,0,.1, 25,2
Simplify. (1-9)
6. —~(7-4) -3  62. [~(~8)]+ 1018 63, 3+ [~(~6)] 64. 2 + -9 1
65. |-3| + 10| 3 66. 16| — |6/ O 67. |-3.2| + |—-0.8| 4 68. [—4.7/* ‘49711
Replace each —2_ with one of the s s
ymbols < or > 19
P by to make a true
69.9-8_2 —1 > 70,72 6+5 < 7. 0] 2=1 <
— VeI 2
72. ~43_2 —4.4 > . ~(1+3)_2_|-14) < 4. -3 17
<
___—______.-ﬂ'

640 Extra Practice



._’_‘: 8+ 3"; +43m + 12
1& 57 35
. -_E “_ (3p)(@q)(5r)60par

mﬁfg If necessary, draw a number line to he
6. (—4+8) +913
8. 16+ (—=21)] +4 -1
2. [0+ (D] + -8 + (—22)]-37
. -3+ (—4) +(—9)-16
% -7.2+(—3.5) + 10.70

2. 9+8+(—3)+ 45
o 112 + (—32) + (—45; + (—25) 15
30. —[24 + (—8)] +[—i—4 + 6)] —18

~ Evaluate each expression if x =2, y = =5, and z=3.
2. -8+x+ (—y) 1
3B x+y+20

- B.48-218-170 39, 53 — (-

_4 (—-s)-[e 1-3)113 pe.




. consecutive even integers is 138. x + (x +2) + (

consecutive integers is 156. x(x + 1) =

‘consecutive odd integers is eight more than ti
3x+8 !




*}, 4= |161 {20}
23 y 47 {_24}
| ”_. e+H+3=90 14. 6 =10+ (n + -
6 13u=338(26) 17, =396 =220 (~18) 13,

25. —%=32{—128} 26, =

m -3--nf] wl

3. 5k+8=431{7} 33. Th— 6 = 366}

35, 2n + 8n = 80 {8} 36. 9y — 5v = 44 {11}

 §

. _35.§+9= —11 {100} 39. -%—2=7&{-—-‘27}

4. x-5—-6x=—2514 42. 0=y— 14-3{-T7
o, 5+ 3) = —10 {5} '

1 43. Four times a number decrcased b‘! 24 iﬁ 2
4. The perimeter of a rectangle is 108, If the lg"gih
50, A large bucket holds 3 L more than tWic

took 2 small buckets and 5 large buckets {0
does a large bucket hold? 11 L e

5L The lengths, in meters, of ﬂlﬁ‘ﬁl@‘%-ﬁ f8

3"“ 'I'hepenmeterm lSm,




- *e: Problem Solying

' give-step plan to soly g ..
pse the v T ve each problem, et )
(., A train i traveling at an average spead of 90 o
in 2.5 h?225 km 0 km/h, How far wil it s it 3 a-m.

g If2 n;;n;lbler e;sm dc;crfaased .hy 27, the result is 36, Find the

5, A foo ;n inished its 12-game season Wifh K eﬁttﬁibet%
qwice as many games as it lost. How many Eﬁme:zige‘s‘ The tesis wom. o -

4. A store sold 102 record albums during a two-da co team Wil dligers

pums were sold the second day as the first. H 1y sale. Twice as many al-

the first day? 34 albums - How many albums were sold

- Jf three times a number is increased by 11, the result is 68. Find th
’ . r'm e

6 A bank contains 57 nickels, dimes, and
’ 3 quarters. There : e dimes
than quarters and 5 more nickels than dimes. How mucharrfi:ngoi: 1(::?12

pank? $6.25

Chapter 2

@2-3)

Solve.

1. A football team gz
back to the line of sciim
alty. How far was tie ball fro

been assessed? 38 yU
2. An elevator left the twenty-sixth floor of a building and went up eight
floors, then down twelve, and back up four. On what floor was the eleva-

tor then? 26th floor

ised 23 yd on one play. However, the ball was brought

mage and then the team was given a 15 yd pen-
m where it would have been had no penalty

3. At the beginning of the month the Cranes had $250 in their vacation fund,
They were able to add $10 per week for four weeks. Then they had to take
out $85 for emergency household repairs. HOW much was in the fund at

the end of the month? $205
4. A neighborhood association collected $85 m <l1ues,
sale, and got $124 in donations. The association né
playground. How much more must it collect? $11
3. An 8: i ton to Minneapolis took thr
n 8:00 a.m. flight from BoS o e WS

in Minneapolis is On¢ hour earlier than Boston.
92 10:00 A-M.

e apolis when the flight _V _
Extra Pracuice

earned $280 at a garage
eds $500 to build 2

ee hours. The time
it in Minne-




- s
Ll ey

¢ to door along

e b s Iﬁs she gone? 28 blocks

. m éference in degrees of longitude between Chicago at about

" $8° W and Rome at about 12° E. 100°

5- nt Everest at 8848 m above sea lev
‘Sea. Find the altitude of the Dead Sea.

6. One winter day the temperature in Marshview reached a record high of

 18.3° C. That was 22.7° C higher than the average temperature for that
day. Find the average temperature. —4.4°C

1. A number increased by 13 is —5. Find the number. - 18

2. A glass of milk costs 70¢. If a glass of milk and a sandwich cost $2.50,
how much does the sandwich cost? $1.80

3. Fifteen less than a number is 43. Find the mzaber, 58

| 4. A plane .ﬂew_ 145 km/h faster when it was £ivic; with the wind than it
would have flown in still air. If its speed with t:¢ wind was 970 km/h,
find the speed of the plane in still air. 825 lim/i

5 'Ihc Booster Club had $425 in its treasury. The members earned $642 sell-

ing refreshments. Th_ey donated $320 to the football team for bus rentals.

| How much money did they have left? $747

i m‘}’f‘;ﬁe tﬁlltgtsﬂlwcrc sold in advance for a museum field trip. Thirteen

| i not i day of the trip. Seven people had to return their tick-

> 4G Gid not go. How many people went altogether? 82 people

_ ;: w@ of seven times a number is 238. Find the number. —34
s %afaﬁﬂmher i r is 73. Find the number. 292
P apples costs $1.40. Find the cost per kilogram of the

L

I A
| )
R

el is 9245 m higher than the Dead
397 m below sea level

\ 25 ke bag of
ples. 56¢

ot 86 m below sea level. Find the

£
2

dc uaﬂmte a point 12 blocks east of headquarters, 3

@31
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O Earth’s Interior

Sesssssnnsnsne

How Do Scientists Determine What

-

’s [nside Earth?

4, What differences do you notice between
canisters? Apart from their appearance o the
outside, are the canisters similar in any way?
How did you obtain this evidence? /)

teacher w

Think It Over

Inferring Based on your observations, what can
you infer about the contents of the canisters?
How do you think scientists gather evidence

about Earth’s interior?

nber 1963, the people of Iceland got to see how ney

nd se added to Earth’s surface. With no warning, the
rs south of Iceland began to hiss and bubble. Soon there

ry volcanic eruption from beneath the ocean. Steam and

d into the sky. Molten rock from inside Earth spurted
ean’s surface and hardened into a small island. Within

-ral years, the new volcano added 2.5 square kilome-

raw land to Earth’s surface. The Icelanders named the

1sey.” In Icelandic mythology, Surtsey is the god of fire,

¢ What are two main forces
that change Earth’s surface?

# What makes up Earth’s
interior?

ng Tip Before you read
rite the headings in the
section as what, how, or why
questions. As you read, look for
answers to these questions

Key Terms geologist * rock

» geology * pressure © crust

¢ basalt ¢ granite * mantle

¢ lithosphere ¢ asthenosphere
* ouler core ¢ inner core

Figure 1 The island of Surtsey
formed in the Atlantic Ocean.
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o study
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il by water, Wil
Geologists stud
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Studying Surfas
constantly char
planet’s long
bent, and broken
it did millions of

Today, geolo
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tive forces. Con
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that slowly wi
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These layers can SOmetimeg be se. §
walls of canyons and the sigeg :f“ on g,
However, many riddles remainecl. val[%_

is Earth? How has Earthg Surface Ow ol
over time? Why are there ocean Chap,
did they form? For more thap ian
geologists have trieq to ang

= wer th year&n
other questions about the plane,

Indirect Evidenc&Seismic Way,

of the most difficult questions th o,

gists have tried to answer js, t,sgieo!o_
Earth? Much as geologists Might Jike tOntslde
cannot dig a hole to the center of rth, .l;q
extreme conditions in Earths interio, he
vent exploration far below the Surface I';'II:
deepest mine in the world, a golq mi;]eie
South Africa, reaches adepth of 3.8 kilom:
ters. But it only scratch

would have to trave]

es the Surface. You
) more than 1,60 times
that distance—over 6,000 ki Ometers—y,
reach Earth’s center.
Geologists cannot obs
rior directly. Instead, they
rect methods of observati
hung a heavy picture on
you know that you can
locate the wooden beam underneath the plas-
ter that will support the picture. When you
knock on the wall, you listen carefully fora
change in the sound.
When geologists want to study Earth's
interior, they also use an indirect method.
But instead of knocking on walls, they use
seismic waves. Recall from Chapter 4 d_lll
n earthquakes occur, they produce seismic waves, Geologists &
record the seismic waves and study how they travel throughthe =
medium of Earth. The speed of these seismic waves fmd the }‘*
paths they take reveal how the planet is put together. USl."Sd?n %
from seismic waves, geologists have learned that Earth's interiof =
Is made up of several layers. Each layer surrounds the layers : 3
beneath it, much like the layers of an onion,
f Checkpocnr What kind

study the structure of Earth?

erve Earth’s inge.
must rely on jng;.
on. Have you ever
a wall? If yoy haye,
knock on the wall to

Pressure
Increases

. o 2
of indirect evidence do geologists UsEX 2




rust 1
The _c ey to the center of Earth begins in the crug;, reasing
ey layer of rock that forms Earth’s outer skin, e leinal
o CTUS: I‘So:;taz;ins rocks and mountains. But the crus ':“l';u anll
II: fr:::IISudLeS the soil and water that cover large parts of ‘JM_& Likes
I:arfltlhsi:z;iiind of rock is much thinner than what !its lllhk‘l' :;:;:‘:.
beneath it. In fact, you can thi.nk of Earth'§ crust as being uh sfeer) 8
similar to the paper-thin skin of an onion. The crust neans Wil
includes both the dry land and the. ocean floor. lt' is henoll
thinnest beneath the ocean and thlcke§t under h}gh The lth
mountains. The crust ranges from 5 to 40 kllometefs thick he asthell
The crust beneath the ocean is called oceanic crust. olid il
Oceanic crust consists mostly of dense rocks suc_h as mantletll
basalt. Basalt (buh sawir) is dark, dense rock witha -
fine texture. Continental crust, the crust that formsthe : of Chee
continents, consists mainly of less dense rocks such as from 4 e
granite. Granite is a rock that has larger crystals than ]
basalt and is not as dense. It usually is a light color. The €
After tr
The Mantle core et
Your journey downward continues, At a depth of between Sanv‘:
w u'!v‘\l" hesip | ) trock 40 kilometers beneath the surface, you cross a boundary. ?'ICJ[OW ;
EOhE et ¢ this boundary are the basalt and granite rocks of the crust. '
: the boundary is the solid material of the mantle, a layer of hot 10 %
Ihe crustand the uppermost part of the mantle are veryst;‘n:‘
llar. The uppermost part of the mantle and the crust toge
form a rigid layer called the lithosphere (1171 uh sfeer). In Greek

1 « » i b
17ios means “stone.” The average thickness of the lithospher®
about 100 kilometers,

granite




S

CRUST

The crust is Earth’s solid ang
rocky outer layer, includi

the land surface and the:%::h
floor. The crust averages 33 km
thick. At the scale of this d"awing,
the crust is too thin to show up
as more than a thin line,

EIPLORING corons merir

ers: the crust, mantle,

arth’s interior is divided into lay e
Eau(er core, and inner core Althoug

‘si jor causes
seems stable, the extreme heat of Earth’s interiol

changes that slowly reshape the surface

Composition of crust:
oxygen, silicon, aluminum,
calcium, iron, sodium,
potassium, magnesium

1,200 km 2,250km  2900km | 5 A

CORE

Scientists estimate that temp-
eratures within Earth’s outer coe
and inner core, both made of =
iron and nickel, range from
about 2,000°C to 5,000°C. If :
these estimates are correct, then s
Earth’s center may be as hot &
the sun’s surface.

MANTLE

€ pressure Composition of core:
Composition of mantle e

320



| Shqrpen your
- Skills

Interpreting s
Data ACTIV|

T

Set a compass on a white

{
| piece of paper on your desk.

Turn the compass until the
needle lines up with north.
Mark the directions North,
South, East, and West on
the paper. Move a magnet
up and down close to the
compass. What happens to
the compass needle?
Explain your observations

|
|
|
|

-‘? Section 1 Review

1. Describe how constructive and destructive

forces shape the surface of Earth
sentence about each one

Earth’s magnetic field? Describe
the interior where the magnetic f

produced.

Contrasting What are some
ences and similarities between
the core? Explain.

322

Earth's magnetic

2. What are the layers that make up Earth?

3. What happens in Earth’s interior to produce

ield is : of the differ

4. Thinking Critically Comparing and

of the differ-
the mantle and

field

Figure 7 Like a magnet, Earth’s
field has north and south poles,

Earth’s Magnetic Field

INTEGRATING
pursis  is transferred by the movement of currents

Recall from Chapter 3 that in convection, heat

within a liquid.

Earth’s magnetic field—a force that causes the planet to act likea
giant bar magnet—is created by convection currents in the liquid
outer core. As you can see in Figure 7, the magnetic field affects

the whole Earth. When you use a compass, the compass needle” ™
aligns with the lines of force in Earth’s magnetic field. The north-

ing end of the compass needle points to Earth’s magnetic
north pole.

Consider an ordinary bar magnet. If you place it beneatha
piece of paper and sprinkle iron filings on the paper, the iron fil-
ings line up with the bar’s magnetic field. If you could cover the
entire planet with iron filings, they would form a similar pattern.

: Check Your Progress
Begin by sketching a cross
s : ;e(mon of Earth’s crust ang the
te a : different layers of the upper mantle. How

i €an your model showy these layers aiong
oduce i With Earth’s plates and othe y'ef

yers o : features? Houy can you shov; stll:e?'leick"&
: Think abg, . ‘aygn at the correct scale?
sl Ut materials you can use for your
2 oy JSing the map on Ppage 341, pick
: € to investigate, Research this Fl"ﬂtels

; Movements ang ol
i M®ighboring platesow *Interactsvill

These currents are called convection currents,

arth’s molten outer cor
sun. To explain how
you need to recall hov
uids. If you have ever touch
covered for yourself (ina p
itmoved from the hot potte
from a warmer object to a

Heat is always transfe;
coler substance. For exa
your hand begin to feel col
inthe ice cube moving to
heat, it’s the heat in your
Stransferred through ra

Radiation

Recall from Chapter 3
elecm"Tlagnetic waves.
Uransfer heat, or thermal
Earth's surface, The pro
“tween the sun and

tadiatiop, include the he 1t




Figure 8 In conduction, the heated
particles of a substance transfer
heat to other particles through
direct contact. That’s how the
spoon and the pot itself heat up.

Figure 9 In this pot, the soup
close to the heat source is hotter
and less dense than the soup near
the surface. These differences in
temperature and density cause
convection currents.

324

Conduction

Remember that heat transfer by direct mhﬁ&‘ :
ticles of matter is called conduction, Wi o
as a spoon heats up in a pot of soup? He., -
ferred from the hot soup and the poI: tf:::‘s
that make up the spoon. The Particles o,
bottom of the spoon vibrate faster as they L
so they bump into other particles and heati, h
Gradually the entire spoon heats up. When
touches the spoon, conduction transfers heat
spoon directly to your skin. Then you fee] o

Look at Figure 8 to see how heat flows in this v

Convection
Conduction heats the spoon, but how does the soup inside
pot heat up? Recall from Chapter 3 that heat transfer inyolying
the movement of fluids—liquids and gases—is called con::& ; of (heckpoint Whatis co
tion. Convection is heat transfer by the movement of a heated 5
fluid. During convection, heated particles of fluid begin to floy; Convection in Earth’s

when all of the material has ri

transferring heat energy from one part of the fluid to another. Like soup simmering in a pot,
Heat transfer by convection is caused by differences of tem anseein Figure 10 how some g

perature and density within a fluid. Density is a measure of how flow in the asthenosphere. Hez

much mass there is in a volume of a substance. For example, rock mantle itself causes the co;

is more dense than water because a given volume of rock has
more mass than the same volume of water. i

When a liquid or gas is heated, the particles move
faster. As the particles move faster, they spreadapart. | backinto the asthenosphere. O
Because the particles of the heated fluid are farther = sinking takes place. Conve
apart, they occupy more space. The density decreases. moving inside Earth for mo
But when a fluid cools, its particles move more slowly
and settle together more closely. As the fluid becomes = ~
cooler, its density increases. l{? Section 2

Convection occurs when you heat soup on'dss & ——
stove. As the soup at the bottom of the pot gets h"f‘
it expands :31111 therefore becomes less dense. 'I:: S 2 Describe how convechionicl
warm, less dense soup moves upward and floats OV 3 : 3
the cooler, denser soup. At the surface, the WAIESS general, whatTiagiey

E > P R fluid when it becomes hotte
soup spreads out and cools, becoming denser: Theth

: 4. What happens to conve
5 2 wn 10 3
gravity pulls this cooler, denser soup back do Bt fluid reaches a constant

the bottom of the pot, where it is heated again. Figure 9Shm 5. Thinking Critically Pre
happen to the flow of hot

this pattern of movement. e j
A constant flow begins as the cooler soup contlfl“ g Mantle if the planet’s co
X down? Explain your an:

sinks to the bottom of the pot and the warmer soU?
convection current is the flow that transfers heat within 2

1. What are the three types of h
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6 Drifting Continents

; 2
How Are Earth’s Continents Linked Together?

.
cssssssesscsscsese

1. Find the oceans and the seven continents on
a globe showing Earth’s physical features

2. How much of the globe is occupied by tﬁc
Pacific Ocean? Does most of Earth’s “dry
land lie in the Northern or Southern
hemisphere?

3. Find the points or areas where most of the
continents are connected. Find the points at
which several of the continents almost touch
but are not connected

4. Examine the globe more closely. Find the
great belt of mountains running from north
to south along the western side of North and
South America. Look for another great belt of
mountains on the globe

Think It Over 3
Posing Questions What questions can you pose

about how oceans, continents, and mountains

are distributed on Earth’s surface?

), the sea voyages of Columbus and
ed the map of the world. The conti-

# What was Wegener's = t fF 1 { Afri
ot o e ts of I 12, and Africa were already known to

drift? s were also showing the outlines of

South America. Looking at these
¢ wondered why the coasts of several

¢ Why was Alfred Wegener's
hypothesis rejected by most
scientists of his day?

Reading Tip As you read, look
for evidence that supports the
hypothesis of continental drift

nap in Figure 11. Notice how the
! America look as if they could it
pieces. Could the continents have once 4
[n the 1700s, the first geologists thought
had remained fixed in their positions

ry. Early in the 1900s, however,
In a new way about
nts. His idea

Key Terms Pangaea
¢ continental drift » fossil

World map drawn by
Juan Vespucci in 1526 »
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Continental Drift 3
[n1910,a young German scientist}
nur) became curious about the
formed a hypothesis that Earth’s
hypothesis was that all the co
together in a single landmass 2

Wegener named this supe;
meaning “all lands.” According
about 300 million years ago.
record contains the first eviden
lved on Earth. Also, tropical
deposits, covered much of Ea

Wegener hypothesized tha
Pangaea began to break apa
moved toward their present-
fents as they are today. Wegener’
moved over Earth’s surface beca
. Have you ever tried to P
idea? Yoy probably had to proy

gener gathered evidence f

SUpport his ideas about contine
‘{d landforms, fossils, and e
'Mate had changed over ma
hed all his evidence for con
"18in of Continents and Oceal
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Evidence From Landforms Wegener thought that mountain
ther features on the continents provided evidence
tal drift. When he pieced together maps of Africa

saw a mountain range running from east

ica that lined up with a mountain rangein

coal fields matched up with similar coal

rica. Wegener compared matching these fea-

oling a torn-up newspaper. If the pieces couldbe
“words” would match.

Evidence From Fossils Wegener also used fossil evidence as sup-
1 A fossil is a trace of an organism that has
1 rock. For example, fossils of the reptiles
I Lystrosaurus had been found in places now sepé-
Neither reptile could have swum long distances
refore, Wegener concluded that these reptiles
gle landmass. Another example was Glossopfers
2 fernlike plant that lived 250 million yeafsas:‘h
had been found in rocks in Africa, SoU
India, and Antarctica. The occurrence
¢ widely separated landmasses convil
continents had once been united.

that separate the contine

the wind to carry and to
How did Glossopteris co}
inents? Wegener infers
joined as the supercon|

tvidence From Clim
mate change to sup
Spitsbergen is an is
This island is ice-coven
silsof tropical plants i
plants lived about 300
awarm and mild clin
must have been locate
Thousands of kilg
evidence that at the s
dimate was much
deep scratches in &
once covered South
of ice that cover hug
But the climate of S
tl glaciers to for m.
existed, South Afri
According to
tinental drift happe!
Africa changed bec
surface changed.
dimate becomes w
s climate becom
fossils and rocks

ed to support his hy,

PR WA



continued to co
continental drift a
book. He died in 1930
expedition to explore (

continental glacier

/,
scientists Reject Wegenel;ls Ht{P? thesis
Wegener did more than vax-de S AYPOLICSS about contip
drift. He attempted to explain how drift took place, Ho
offered a new explanation for how mountains f?rm. We
thought that when drifting continents collide, their Ci
ple and fold. The folding conn'nents slowly push up huge g},
of rock to form great mountains. 3
However, Wegener could not provide a satisfacto

nation for the force that pushes or pulls the Contine,
Because Wegener could not identify the cause of ¢o
drift, most geologists rejected his idea. In addition, for geologis
to accept Wegener'’s idea, they would need to change their
explanations of what caused continents and mountains to form,

Many geologists in the early 1900s thought that Earth
slowly cooling and shrinking. According to this idea, Mountajpg
the crust wrinkled like the skin of a d.ried-up apple.
aid that if the apple hypothesis were correct, thep
15 should be found all over Earth’s surface. But moupn-
ually occur in narrow bands along the edges of conti-
hought that his own hypothesis better explained
15 occur and how they form.
a century, from the 1920s to the 1960s, most
ntists paid little attention to the idea of continental drift.
new evidence about Earth’s structure led scientists to
reconsider Wegener’s bold hypothesis.

formed whe

5 ;
; shesd ; P in Figure 11,

et s e oo
: Ocean. Lape g r0€7iNG the Atlantic »

ue continents, Then yse

i \vest'e o e‘dCreenland. Next, cut along
! Ginclacge i gg of Africa and Euro
! the Al 9 the Britisp, Isles). Throw ape
_ ntic Ocean, Place the two cu‘:f))lllt
SUrface andf a5 family
o fit the two halves
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Ngaea ang its history.
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The East Pacific Rise 1s just One part of the
mid-ocean ridge, the longe.st chain of Moy,
tains in the world. In thg mld-.l9005, scientj
mapped the mid-ocean ridge using sonar,

from Chapter 5 that a sonar df:wce boup,
sound waves off underwater objects ang then
records the echoes of these sound wayes, The
time it takes for the echo to arrive indicateg the
distance to the object.

The mid-ocean ridge curves like the seam
of a baseball along the sea floor, extending inq
all of Earth’s oceans. Most of the mountaing in
the mid-ocean ridge lie hidden under hundregs
of meters of water. However, there are places
where the ridge pokes above the surface, For
example, the island of Iceland is a part of the
that rises above the surface in the North Atlantic
led valley splits the top of the mid-ocean ridge

th. The valley is almost twice as deep as the
- mapping of the mid-ocean ridge made sdi-

» know what the ridge was and how it got there.

¢ What device is used to map the ocean floor?

SOUTH
AMERICA

Evidence for §

Harry Hess, an Amg
studied the mid-o
the mid-ocean
floor in relation &
reconsidered an i@
Maybe Wegener
In 1960, Hess
ocean floors mo
Jlong with them
The mid-oce n
the mid-oceg }
¢rupts, The
fock to both g

forms a st




Figure 20 The submer
sible Alvin photographed
pillow lava along the
mid-ocean ridge. These
‘pillows” form under
water when cold ocean
water causes a crust to
form on erupting molten
material. Each pillow
expands until it bursts
allowing molten material
to flow out and form the
next pillow

Evidence From Molten Material In the
found evidence that new material is indeed e
mid-ocean ridge. The scientists were carried to the

PHysics

19605, o
TUpting 4,

Alvin, a small sy}

to withstand the Crushj

sures four kilometers}t:]o s
ocean’s surface, In the
valley of the mid-q,

W

ey cean rj
Alvin’s crew found strangen

shaped like pillows o like toog,
paste squeezed from a type, Sud;
rocks can form only when
molten material hardens qui
after erupting under Water. The
presence of these rocks showed
that molten material has erupted
again and again from cracks
along the central valley of the
mid-ocean ridge.

Evidence From Magnetic Stripes When scientists studied

Intecaarivg - patterns in the rocks of the ocean floor, they
6 found more support for sea-floor spreading.
In Section 1 you read that Earth behaves like a giant magnet,

with a north pole and a south pole. Evidence shows that Earth’s
magnetic poles have reversed themselves. This last happened
780,000 years ago. If the magnetic poles suddenly reversed them-
selves today, you would find that your compass needle pointed
south. Scientists discovered that the rock that makes up the

CNtisty
N8 the
mersib]eogrm.'ﬁ ;

molten material. As
Jined up in the direct
rock hardened comy
rocks @ permanent
qtting thousands 0
Using sensitive
memory of roclfs 0
found that a stripe of
field pointed north I
shows when the mag

floor spreading cam
the ocean floor.

Samples from:
pipes. Then the s
the samples.
the older the ro
center of the i
for the idea that!

g

). RS
Mid-ocean ridge 7 Spreadmg.
Rock formed when

Earth's magnetic
field was n

Figure 21 Magnetic stripes
rock of the ocean floor sh
direction of Earth’s magnetic
the time the rock hardened

Interpreting Diagrams How d Rock formed when

7 stripe W Earth’s magnetic
) field was reversed




Figure 23 (

subduction at Deep-Ocean .Trer?ches :
How can the ocean floor kCCp gettmg wider and Wider?'

he ocean floor generally does not o kegp
P

answer is that t i
ANSW he ocean floor plunges into deep un,

spreading. Instead, t

water canyons called deep-ocean trenches. A deep-ocean trench 4

forms where the oceanic crust bends downward,.

Where there are deep-ocean trenches, subduction takes
Subduction (sub DUK shun) is the process by which the
floor sinks beneath a deep-ocean trench and back intg
mantle. Convection currents under the lithosphere push ey
crust that forms at the mid-ocean ridge away from the ridge ang
toward a deep-ocean trench.

New oceanic crust is hot. But as it moves away from the mig.
ocean ridge, it cools and becomes more dense. Eventually, a5
shown in Figure 23, gravity pulls this older, denser oceanic crust
down beneath the trench. The sinking crust is like the washcloth
in the Discover activity at the beginning of this section. As the
dry washcloth floating on the water gets wet, its density increases
and it begins to sink.

At deep-ocean trenches, subduction allows part of the
ocean floor to sink back into the mantle in a process that takes
tens of millions of years. You can think of sea-floor spreading
and subduction together as if the ocean floor were moving out
fre mid-ocean ridge on a giant conveyor belt.

Older oceanic crust lies farther Newly formed oceanic crust lies
from the mid-ocean ridge. closest to mid-ocean ridge.

Continental
crust

Old oceanic crust melts as it
sinks back into the mantle.
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Rift valley

 Betause itis less dense th
surrounding rock, molter; -
material from the mantle rises
through the crust toward: ==
cracks in the ocean floor.

oceanic crust|
Then, if the 11
he width of th
the Pacific Oce

subduction

the other hand,
Atlantic Ocean B
spreading
the oceanic
continental
Atlantic’s ocean 8
move. Over ti

of the North

move together!



© The Theory of Plate Tectonics

DiISCOVER REERIIILL

. ?
ontinents Fit Together?
How Well Do the C ‘ 5. Obtaina map ot AN
continental shelf. The contj
shelf is the apron of continenta| Crust
3 - thatextends under water aroyng the
4~ Continental edges of the continents. Trace
{ shelf " the continental shelves of the same
continents used in Step 1. {

Europe, including Great Britain and
Ireland.
Carefully cut apart the 7
landmasses. When you cut ATLANTIC o ¢
out Europe, leave Britain and u OCEAN 6. Repeat Steps rough 4.

Ireland attached to Europe Think It Over

Drawing Conclusions Do your observations

support the idea that the continents were once

joined together? When did they fit together better:

4. Attach your partial reconstruction of Pangea  \vhen you cut them out along their coastlines or
to a piece of paper. along their continental shelves? Explain,

- Piece together these landmasses as they may
have looked before Pangaea split apart, creating
the Atlantic Ocean

| GUIDE FOR READING ave you ever dropped a hard-boiled egg? If so, you may:

have noticed that the eggshell cracked in an irregular pat-
At isthe theorylofiplate tern of broken pieces. Earth’s lithosphere, its solid outer:
@ What are the three types of shell, is not one unbrokep layer. It is more like that crarhil
plate boundaries? ggshell. It’s broken into pleces separated by jagged cracks. 3
Reading Tip Before you read A Canadian scientist, J. Tuzo Wilson, observed that thereaté
(r:;e[v)i‘fg‘f f ;ﬁl}”;’:’; [J/\{:;;::(n’.ﬂu kmf_k‘s in the continents similar to those on the ocean flookl
of any questions you haye 1965, Wilson proposed a new way of thinking about these cracks:
about plate tectonics. Look for According to Wilson, the lithosphere is broken into separate
SaRNSrs asiyou read. tions called plates. The plates fit closely together along cracksifl
K:’yldlrzrl':?u“::::t the lithosphere. As shown in Figure 25, the plates carry the“’:
* fault « transform boundary ) 15 0r parts of the ocean floor, or both. .

¢ divergent boundary
* rift valley

¢ convergent boundary A Theory of P'ate MOtion

W Jm.n combined what geologists knew about sea-floor spreac ing
arths plates, and continental drift into a single theOl’)’—‘d‘eth
' plate tectonics (tek 1oy iks). Plate tectonics is the geolog!
theory zhgt states that pieces of Earth’s lithosphere are in cons'
Slow motion, driven by convection currents in the mantle

theory i f
h;)or} of Plate tectonjcs explains the formation, movement®
subduction of Earths plates




Figure 26 At a transform
boundary, two plates move along
the boundary in opposite
directions

BXEIGRIN

Plate movements have built many of the features
of Earth’s land surfaces and ocean floors.

Plate Boundaries ;
The edges of different pieces of the llthogphere\ B
shell—meet at lines called plate boundaries, Plate 1, oundargi:
extend deep into the lithosphere. Faults—breaks ik Eartly, e
where rocks have slipped past each other—form, along
indaries. There are three kinds of Plate boundaﬁ
transform boundaries, divergent boundaries, and copy, es;
boundaries. For each type of boundary, there i a differ,

: & ent
of plate movement, as you can see in Exploring Plate Tectony,

Transform Boundaries Alon transfor,
boundaries, crust is neither created nor g,

A transform boundary is
plates slip past each other, moving in OPposite
directions. Earthquakes occur frequenﬂy along
these boundaries. Look at Figure 26 to see the

type of plate movement that occurs along 4
transform boundary.

Place where two

Plate
Tectonics

Diverging plates The
mid-ocean ridge marks a
divergent boundary where

plates carrying oceanic crust

move apart.
Mid-ocean ridge

K‘ onverging plates When

two plates carrying oceanic
Crust collide, one plate is
subducted through a trench, ;i

: Converging plates
a plate carrying
ontinental crust and a
L7 plate <arrying oceanic
- Crust collide, the plate
* with oceanic crust is
subducted,

these

ent Boundaries
m:re;(g)r diverge_, is called a di
:ﬁ)tice in Exploring Plate Te
found both in the oceans and
sriesoccur at the mid-ocean
oceanic crust forms alon,
spreading occurs.

Other divergent bound
poundary develops on lan
deep valley called a rift
ary. For example, the Great
crackin the African con
ters. Along this crack; ;
spreading apart. The rift
Africa away from the
its floor drops. Even

Rift valley A rift vall
ata drvergen( D

boundary on |a




225 million years ago

All Earth’s major landmasses
were joined in the super-
continent Pangaea before
plate movements began to
split it apart.

place where two
is called a convergent boup
ates converge, the result js

1g together oceanic crust an

Convergent Boundaries The

together, or converge,

junt). When two pl

Collisions may brir

oceanic crust

nental crust,

When two plates collide, the density of the p

n between which one comes out on
es produced of basalt, is more dense th
- T8 of gran

and continental crust, or continental ¢

Figure 27 4 top. Oceanic crust,
two cont an continental crust, whie
- And oceanic crust becomes cooleg
lion years 2 d i, l S d . d B
I Spreads away from the mj ‘ocean ridge.
ia Where two plates Carrying oceanic crust me
plate that is more dense dives under the other p
the mantle. This is the Process of subduction tha
in Section 4. !
Sometimes 3 plate carrying oceanic eri
carrying continenta] crust. The less denge
sink under the more dense oceanjc crust. In,
begins to sink and Plunges beneath the contj
When two plates carrying continental
does not take place. Bot} continental plate
granite rock. Therefore, neither plate is de
the mantle, Instead, the plates crash head-o
the crust into mighty mountain ranges, -
o éMﬁaaq What types of pig
boundaries?
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