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‘What You'll Learn

B ldentify characteristic Precam-
brian and Paleozoic life-forms.

B Draw conclusions about how
species adapted to changing
environments in Precambrian -
time and the Paleozoic Era.

® Describe changes in Earth and
its life-forms at the end of the
Paleozoic Era.

Wégz It’s Important

The Precambrian includes most of
Earth’s history.

%) Review Vocabulary

life: state of being in which one
grows, reproduces, and maintains
a constant internal environment

New Vocabulary
e Precambrian time
o cyanobacteria
o Paleozoic Fra

Chapter Fast FiLE Resources
Transparency Activity, p. 43

MiniLAB, p. 3
Enrichment, p. 29
Reinforcement, p. 26
Lab Worksheets, pp. 5-6

Early Earth History

Precambrian Time

It may seem strange, but Figure 12 is probably an accurate
picture of Earth’s first billion years. Over the next 3 billion years,
simple life-forms began to colonize the oceans.

Look again at the geologic time scale shown in Figure 2.
Precambrian (pree KAM bree un) time is the longest part of
Earth’s history and includes the Hadean, Archean, and
Proterozoic Eons. Precambrian time lasted from about 4.5 bil-
lion years ago to about 544 million years ago. The oldest rocks
that have been found on Earth are about 4 billion years old.
However, rocks older than about 3.5 billion years are rare. This
probably is due to remelting and erosion.

Although the Precambrian was the longest interval of geo-
logic time, relatively little-is;known about the organisms that
lived during this time. One-reason is that many Precambrian
rocks have been so deeply buried that they have been changed by
heat and pressure. Many fossils can’t withstand these conditions.
In addition, most Precambrian organisms didn’t have hard parts
that otherwise would have increased their chances to be pre-
served as fossils. )

Figure 12 During the early Precambrian, Earth
was a lifeless planet with many volcanoes.

Reading and Writing Skill Activities, p. 27
Science Inquiry Labs, pp. 21-22
Directed Reading for Content Mastery, p. 18  Cyltural Diversity, p. 31

Earth Science Critical Thinking/Problem Solving,
p. 11




Stromatolites have changed little
throughout geologic time. These
modern ones in Australia look
much like ancient stromatolites.

This is a microscopic view of
cyanobacteria.

Figure 13 Cyanobacteria can
produce layered mounds of sedi-
ment called stromatolites. The
sticky surface of the cyanobacteria
colony traps grains of sediment.
The surface of the sediment then

\  becomes colonized with cyanobac-
Early Life Many studies of the early history of life involve\é teria again, and the cycle repeats,
ancient stromatolites (stroh MA tuh lites). Figure 13 shows stro- }\ producing the layers inside the
matolites, which are layered mats formed by cyanobacteria §\stromatolite.
colonies. Cyanobacteria are blue-green algae thought to be one
of the earliest forms of life on Earth. Cyanobacteria first s
appeared about 3.5 billion years ago. They contained chloro-
phyll and used photosynthesis. This is important because dur- ; !
ing photosynthesis, they produced oxygen, which helped change :
Earth’s atmosphere. Following the appearance of cyanobacteria,
oxygen became a major atmospheric gas. Also of importance
was that the ozone layer in the atmosphere began to develop,
shielding Earth from ultraviolet rays. It is hypothesized that
these changes allowed species of single-celled organisms to,

evolve into more complex organisms.
What atmospheric gas is produced by

[% Reading Chec photosynthesis?

Animals without backbones, called invertebrates (ihn VUR
tuh brayts), appeared toward the end of Precambrian time.
Imprints of invertebrates have been found in late Precambrian
rocks, but because these early invertebrates were soft bodied,
they weren’t often preserved as fossils. Because of this, many
Precambrian fossils are trace fossils.

This cross section of a
stromatolite head shows
its layered appearance. °©

Earth's First Air
Cyanobacteria are thought
to have been one of the
mechanisms by which
Earth’s early atmosphere
became richer in oxygen.
Research the composition
of Earth's early atmosphere
and where these gases
probably came from.
Record your findings in
your Science Journal.
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Purpose to show the importance of hard
parts to fossil preservation

Materials flat pan, gelatin dessert, small
seashells, board that fits inside the pan, clay
Procedure Place a layer of clay in the bot-
tom of a flat pan. Sprinkle pieces of the
gelatin dessert and the shells on top of the

clay. Cover with a second clay layer. Apply
pressure to the top layer of clay with the
board. Peel away the top clay layer to
expose the shell layer.

Expected Outcome Students observe that
hard parts (shells) retain their shape and
leave an imprint, but the soft gelatin is

smashed and leaves no recognizab

Assessment

Compare what you observed in th
ity with the formation of fossils. M
form from hard parts of living organisms.
parts do not become fossilized.
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Dating Rock Layers
with Fossils

Procedure

1. Draw three rock layers.

2. Number the layers 110 3,
bottom to top.

3. Layer 1 contains fossil A.
Layer 2 contains fossils A
and B. Layer 3 contains
fossil C.

4. Fossil A lived from the
Cambrian through the
Ordovician. Fossil B lived
from the Ordovician
through the Silurian. Fossil
C lived in the Siturian and
Devonian.

Analydis

1. Which layers were you able
to date to a specific period?

2. Why isn't it possible to
determine during which
specific period the other
layers formed?

p. 89.
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Figure 14 This giant predatory
fish lived in seas that were present
in North America during the
Devonian Period. it grew to about
6 min length.-
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Unusual Life-Forms A group of animals with shapes similar
to modern jellyfish, worms, and soft corals was living late in
Precambrian time. Fossils of these organisms were first found in
the Ediacara Hills in southern Australia. This group of organisms
has become known as the Ediacaran (ee dee uh KAR un) fauna.
Figure 15 shows some of these fossils.

a What modern organisms do some Ediacaran
& organisms resemble?

Ediacaran animals were bottom dwellers and might have had
tough outer coverings like air mattresses. Trilobites and other
invertebrates might have outcompeted the Ediacarans and
caused their extinction, but nobody knows for sure why these
creatures disappeared.

The Paleozoic Era

As you have learned, fossils are unlikely to form if organisms
have only soft parts. An abundance of organisms with hard
parts, such as shells, marks the beginning of the Paleozoic (pay
lee uh ZOH ihk) Era. The Paleozoic Era, or era of ancient life,
began about 544 million years ago and ended about 248 million
years ago. Traces of life are much easier to find in Paleozoic
rocks than in Precambrian rocks.

Paleozoic Life Because warm, shallow seas covered large
parts of the continents during much of the Paleozoic Era, many
of the life-forms scientists know about were marine, meaning
they lived in the ocean. Trilobites were common, especially early
in the Paleozoic. Other organisms developed shells that were
easily preserved as fossils. Therefore, the fossil record of this era
contains abundant shells. However, invertebrates were not the

only animals to live in the shallow, Paleozoic seas.
Vertebrates, or animals with

backbones, also evolved during
this era. The first vertebrates were
fishlike creatures without jaws.
Armoured fish with jaws such as
the one shown in Figure 14 lived
during the Devonian Period. Some
of these fish were so huge that they
could eat large sharks with their
powerful jaws. By the Devonian
Period, forests had appeared and
vertebrates began to adapt to land
environments, as well.

Differentiated Instruction

" Teacher [B1]

Learning Disabled and Visually Impaired Provide
plastic, plaster, or clay models of important fossils
of animals and plants that lived during the
Paleozoic Era. Handling the fossils will help stu-
dents picture these organisms’ shapes, sizes, and

external features.

Ediacaran Fossils Fossils of Ediacaran |
organisms are so different from later |
organisms that the time when these organ-
isms lived can be thought of as a distinct
period, the Vendian. This period is the lat-
est part of the Proterozoic Eon and
. occurred before the Cambrian Period of
1 the Paleozoic Era.




. NATIONAL

Figure 15

variety of 600-million-year-old fossils—

known as Ediacaran (eed ee uh KAR un)

fauna—have been found on every continent
except Antarctica. These unusual organisms were arigi-
nally thought to be descendants of early animals such as
jellyfish, worms, and coral. Today, paleontologists debate
whether these organisms were part of the animal king-
dom or belonged to an entirely new kingdom whose
members became extinct about 545 million years ago.

RANGEA (rayn JEE uh) Asit lay rooted in

sea-bottom sediments, Rangea may have

snagged tiny bits of food by filtering water
through its body.

DICKENSONIA (dnhk un suh NEE uh) Impressnons
of Dickensonia, a bottom-dwelling wormlike
creature, have been discovered. Some are
nearly one meter [ong.

SPRIGGINA (sprih GIHN uh) Some scientists hypothe-
size that the four-centimeter-long Spriggina was a
type of crawling, segmented organism. Others sug-
gest that it sat upright while attached to the seafloor.

CYCLOMEDUSA (si kioh muh DEW suh) Althoughit
looks a lot like a jellyfish; Cyclomedusa may have had
more in common with modern sea anemones. Some
paleontold@ists, however, hypothesize that it is unre-
lated to any living organism.
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Visualizing Ui
Life Forms

Have students e

pictures and read
Then ask the followi

If Ediacaran faun:
bodied and did not
skeletons or shells,
they have been foss
body shapes were probab
quick burial by sand or of

on the sea floor.
Activity

Ediacaran Fossils H
groups of students r
locations around

where Ediacaran f
been found and mark
tions on a world maj
group to select one k
make an oral present:

the fossils found ther:

SECTION 2 Early Earth His



ion Some students
of sharks as having
te recently because
ring today. Explain
1any other animals
ty, fossil evidence
hat sharks evolved
sharks evolved dur-
vonian Period, over
| years ago.

later

"hat materials could
design an egg that
out of water?

iterials clay, paper,
aluminum foil, cloth,

me 1 class period
tegies

wust retain water and
axchange. Students
w0 solve both prob-
:ourage them to use a
arials.

:nts how this activity
1¢ evolution of eggs.

al inquiry activities, see

iry Labs.[L2]

PTER 14 Geologic Time

Figure 16 Amphibians
probably evolved from fish like
Panderichthys (pan dur IHK theez),
which had ieglike fins and lungs.

®

Bnline

Visit earth.msscience.com for Web
links to information about
Paleozoic life.

Activity Prepare a presentation
on the organisms of one period of
the Paleozoic Era. Describe a few
animals from different groups,
including how and where they
lived. Are any of these creatures
alive today, and if not, when did
they become extinct?

Figure 17 Reptiles have scaly

places.

skins that allow them to live in dry

404 CHAPTER 14 Geologic Time

Life on Land Based on their
structure, paleontologists know that
many ancient fish had lungs as well as
gills. Lungs enabled these fish to live
in water with low oxygen levels—
when needed they could swim to the
surface and breathe air. Today’s lung-
fish also can get oxygen from the
water through gills and from the air
through lungs.

One kind of ancient fish had
lungs and leglike fins, which were
used to swim and crawl around on
the ocean bottom. Paleontologists
hypothesize that amphibians might
have evolved from this kind of fish, shown in Figure 16. The
characteristics that helped animals survive in oxygen-poor
waters also made living on land possible. Today, amphibians live
in a variety of habitats in water and on land. They all have at
least one thing in common, though. They must lay their eggs in
water or moist places.

What are some characteristics of the fish from
which amphibians might have evolved?

% Reading Check’

By the Pennsylvanian Period, some amphibians evolved an
egg with a membrane that protected it from drying out. Because
of this, these animals, called reptiles, no longer needed to lay
eggs in water. Reptiles also have skin with hard scales that pre-
vent loss of body fluids. This adaptation enables them to survive
farther from water and in relatively dry climates, as shown in
Figure 17, where many amphibians cannot live. :

Visual Learning

Science Journal

Extinctions Have students write reports on

Figure 17 Have students list another characteris-
tic of reptiles that allows them to live on land.
Students should cite eggs with a membrane that keeps it from
drying out. This membrane allows eggs to be laid on land
instead of in the water. [L2] [ij Linguistic

species that became extinct and causes of the
extinctions that occurred at the ends of the
Ordovician and Permian periods. Possible answers:
Ordovician: species of graptolites, trilobites, brachiopods due
to global cooling; Permian: >90% of marine species and 70%
of land species due to several factors.



More than 375 million years ago, -
volcanic island chains formed in
the ocean and were pushed

A About 375 million years ago, the

African plate collided with the
North American plate, forming
mountains on both continents.

TR

About 200 million years ago, the
Atlantic Ocean opened up, separat- »
ing the two continents.

AN

Figure 18 The Appalachian
Mountains formed in several
stages.

Infer how these movements affected
species in the Appalachians.

Mountain Building Several mountain-building episodes
occurred during the Paleozoic Era. The Appalachian Mountains,
for example, formed during this time. This happened in several
stages, as shown in Figure 18. The first mountain-building :
episode occurred as the ocean separating North America from
Europe and Africa closed. Several volcanic island chains that had
formed in the ocean collided with the North American Plate, as
shown in the top picture of Figure 18. The collision of the island
chains generated high mountains.

The next mountain-building episode was a result of the
African Plate colliding with the North American Plate, as shown
in the left picture of Figure 18. When Africa and North America
collided, rock layers were folded and faulted. Some rocks origi-
nally deposited near the eastern coast of the North American
Plate were pushed along faults as much as 65 km westward by
the collision. Sediments were uplifted to form an immense
mountain belt, part of which still remains today.
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Differentiated Instruction

or be buried quickly in the absence of air so that the material’s
carbon content is not lost. Over time, with pressure and heat,
the material increases in hardness, and carbon is concen-
trated. Plant material changes from peat to lignite to bitumi-
nous coal and finally to anthracite coal.

Challenge Have students research the Pennsyl-
vanian Period’s swamps, where much of the coal
used today was formed. Have students describe
the process that must occur for plant remains to
change into coal. Plant material must collect under water

Discussion

Mountain Formation
ical-features map .
students. Remind
the Appalachians
the east coast of N
Why aren’t they
today? Possible ansv
deposition have extend
the mountains and the
sea level has uncovere
once sea bottom,

Activity

Fossil Field Trip Tak.
a field trip to an
Paleozoic Era roc
school. Show the
where to look for
students take pho
sketches of the fos
the classroom, have
to identify the fossil
If no exposure exis
of Paleozoic age or:
science supply ho
the labeled fossils in
Visual-Spatial

Caption Answer
Figure 18 Local dimate
causing the extinction
species that were not adz

Quick Demo
Soft-bodied Fossils

Materials gummi v
clay, plaster of paris

Estimated Time 10 m

Procedure Place a I
clay in a shallow
gummi worms into «
an impression. Co
layer of plaster of
plaster dries, it sk
behind impressions ¢
Compare this to the {
Ediacaran fauna. P
second tray with 1
beforehand will alloy
to proceed without w
to dry.
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End of an Era At the end of the Paleozoic Era, more than
90 percent of all marine species and 70 percent of all land
species died off. Figure 19 shows one such animal. The cause of .
these extinctions might have been changes in climate and a low-
ering of sea level.

Near the end of the Permian Period, the continental plates
came together and formed the supercontinent Pangaea. Glaciers
formed over most of its southern part. The slow, gradual colli-
norldwide impact, the sion of continental plates caused mountain building. Mountain-
on on Earth could be building processes caused seas to close and deserts to spread over

North America and Europe. Many species, especially marine

iated. :
Figure 19 Hyoliths were organ- . organisms, couldn’t adapt to these changes, and became extinct.

isms that became extinct at the
end of the Paleozoic Era.

s What would be
-mass extinctions
answers: Depending on
1al species, there could
arvation or destruction
ems. If the event that
;s extinction is cata-

Other Hypotheses Other explanations also have been pro-
posed for this mass extinction. During the late Paleozoic Era, vol-
canoes were extremely active. If the volcanic activity was great
enough, it could have affected the entire globe. Another recent
theory is similar to the one proposed to explain the extinction of
dinosaurs. Perhaps a large asteroid or comet collided with Earth

t Understanding et , ;
al Instruct pairs of i some 248 .rmll.lon years ago. This event cou}d have caused wide-
) search discarded : spread extinctions just as many paleoptploglsts suggest happened
for photographs ioat t'he gnd of the Mesozoic Era, 65 m.ﬂhon years ago. Perhaps the
the characteristics i extinction at the end of the Paleozoic Era was caused by several
i or all of these events happening at about the same time.

amphibians differ-
ish and reptles dif-

1 amphibians. Have ( )\
A“i,.z,_‘??,cfh.. other on s AT : <
aces. [N Summary . Self Check
’ Precambrian Time 1. List the geologic events that ended the Paleozoic Era.
geolog

e Precambrian time covers almost 4 billion 2. Infer how geologic events at the end of the Palevzoic

History Have small years of Earth history, but little is known Era might have caused extinctions.

work to- about the organisms of this time. 3. Discuss the advance that allowed reptiles to reproduce
students work to
outline the section ® Cyanobacteria were among the earliest life- away from water. Why was this an advantage?

3
1i major topics con- forms. 4. Identify the major change in life-forms that occurred at
eads, subheads, cap- The PaleozoicEra . the end of Precambrian time. '
b b
d Reading Check o Invertebrates developed shells and other hard 5. Think Critically How did cyanobacteria aid the evolu-
:ﬂ m Interp ersonal parts, leaving a rich fossil record. tion of complex life on land? Do you think cyanobacte-
— =R @ Vertebrates—animals with backbones— ria are as significant to this process today as they were
appeared during this era. during Precambrian time?
e Plants and amphibians first moved to land o —————
during the Paleozoic Era. . Applying Skills_

o Adaptations in reptiles allow them to move 6. Use a Datahase Research trilobites and describe these
tudents write ques- away from water for reproduction organisms and their habitats in your Science Journal.
material in the sec- o Geologi he end of th P | ) Inctude hand-drawn illustrations and compare them
- matertal 1 ec eologic events at the end of the Faleozoic with the illustrations in your references.

then take turns L Era led to a mass extinction. /,
each other. Use
«ce Assessment in G eg .
406 CHAPTER 14 Geologic Time SciencePNIINE earth.msscience.com/self_check_quiz

2 Classroom, p. 91.

- ‘section
1. mountain building, continental 3. The development of a membrane- helped make Earth’s atmosphere
movement, closure of seas, spread encased egg allowed reptiles to suitable for most animal fife and
of deserts reproduce away from water. This helped develop Earth's protective
2. Mountain building caused seas to allowed these animals to live in a ozone shield; no.
close and deserts to spread over greater variety of habitats than 6. Trilobites are marine invertebrates.
wide areas. Many species, especially their amphibian ancestors. Descriptions should provide basic
marine organisms, could not adapt 4. The first invertebrates appeared in information about the appearance,
to these changes. Farth's oceans. habitat, and habits of these animals.

5. They produced oxygen, which
[ER 14 Geologic Time



