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Key Concepts

* How do most fossils form? What Can You Learn From Fossils?
* How can sclentists determine a 1. Look at the fossil in the photograph.

fossil's age? Describe the fossil's charactenstics in as
* What Is the Geologic Time Scale? much detail as you can.
« What are some unanswered 2. From your description in Step 1, try to

questions about evolution? figure out how the organism lived. How

did it move? Where did it live?

Key Terms -
* petrified fossil Think It Over ,
e mold Inferring What type of present-day organism
® cast do you think is related to the fossil? Why?
* relative dating
* radioactive dating
* radioactive element The fossil dinosaur below has been nicknamed “Sue.” If fossils
* half-lIife could talk, Sue might say something like this: “I don’t mind

» fossil record

* extinct

* gradualism

* punctuated equilibria

that museum visitors call me “Sue, but I do get annoyed when
they refer to me as ‘that old fossil” I'm a 67-million-year old
Tyrannosaurus rex, and I should get some respect. I was fear-
some. My skull is one and a half meters long, and my longest
3) Target Reading Skill tooth is more than 30 centimeters. Ah, the stories 1 could tell!
Bullding Vocabulary After you But I'll have to let my bones speak for themselves. Scientists
read the section, write a definition | can learn a lot from studying fossils like me.”
of each Key Term in your own Of course, fossils can’t really talk or think. But fossils such as
words. Sue reveal life’s history.

Ficure 13 Dinosaur Fossll

The dinosaur nicknamed "Sue” was discovered
in 1990 In South Dakota. Sue is now In the
Fleld Museum in Chicago.




Layers of sediments
cover the crocodile’s

body.

An anclent crocodile possts
dles and sinks to the "y,
bottom of a river.

Ficure 14

Fossil Formation

Most fossils, such as the fossll
crocodlie shown here, form In
sedimentary rock. Relating Cause
and Effect In the process of fossi/

formation, what materials replace SUS=

the crocodile’s remalins?

€7 Try This Activity

Preservation in Ice

1. Place fresh fruit, such as
apple slices, strawberries,
and blueberries, in an
open plastic container.

2. Completely cover the fruit
with water. Put the
container in a freezer.

3. Place the same type and
amount of fresh fruitin
another open container.
Leave it somewhere where
no one will disturb it.

4. After three days, observe
the contents of both
containers.

Inferring Use your observa-

tions to explain why fossils

preserved in ice can include
soft, fleshy body parts.

How Do Fossils Form?

The formation of any fossil is a rare event. Usually only the hard
parts of the organism, such as the bones or shells of animals,
form fossils. Most fossils form when organisms that dic
become buried in sediments. Sediments are particles of soil and
rock. When a river flows into a lake or ocean, the sediments that
the river carries settle to the bottom. Layers of sediments may
cover the dead organisms. Over millions of years, the layers may
harden to become sedimentary rock. Figure 14 shows how a fossil
can form.

Petrified Fossils Some remains that become buried in sedi-
ments are actually changed to rock. Minerals dissolved in the
water soak into the buried remains. Gradually, the minerals
replace the remains, changing them into rock. Fossils that form
in this way are called petrified fossils.

Molds and Casts Sometimes shells or other hard parts bur-
ied by sediments gradually dissolve. An empty space remains
in the place that the hard part once occupied. A hollow space in
sediment in the shape of an organism or part of an organism is
called a mold. A mold may become filled with hardened min-
erals, forming a cast. A cast is a copy of the shape of the organ-
ism that made the mold.

Preserved Remains Organisms can also be preserved in
substances other than sediments. For example, entire organ-
isms, such as huge elephant-like mammoths that lived thou-
sands of years ago, have been preserved in ice.

of Biediattie ) What s the difference between 3 mold and a cast?



The rock erodes. The
fossil 1s exposed on
y the surface of a rock.

I} Over millions of years,

the sediments harden

) to become rock. The
crocodile Is presarved

Determining a Fossil’s Age

i’l’o understand how living things have changed through time,
scientists need to be able to determine the ages of fossils. They
can then determine the order in which past events occurred.
This information can be used to reconstruct the history of life
on Earth.

. For example, suppose a scientist is studying two fossils of
ancient snails, Snail A and Snail B. The fossils are similar, but
they are different enough that they are not the same species.
Perhaps, the scientist hypothesizes, Snail A’s species changed
over time and eventually gave rise to Snail B’s species. To help
determine whether this hypothesis could be valid, the scientist
must first learn which fossil—A or B—is older. Scientists can
determine a fossil’s age in two ways: relative dating and
radioactive dating,

Relative Dating Scientists use relative dating to determine
which of two fossils is older. To understand how relative dating
works, imagine that a river has cut down through layers of sed-
1mentar) rock to form a canyon. If you look at the canyon walls,
you can see the layers of sedimentary rock piled up one on top
of another. The layers near the top of the canyon were formed
most recently. These layers are the youngest rock layers. The
lower down the canyon wall you go, the older the layers are.
Therefore, fossils found in layers near the top of the canyon are
younger than fossils found near the bottom of the canyon.

' Relative dating can only be used when the rock layers have
been preserved in their ongmal sequence. Relative dating can
help scientists determine whether one fossil is older than
another. However, relative dating does not tell scientists the
fossil'sactualage. S ==
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Analyzing Data - ] L || | |

Radioactive Decay

The half-life of potassium-40, a |
radioactive element, is 1.3 billion years. \ Fotassium 30

This means that half of the potassium-40
in a sample will break dowm into argon-
A0 every 1.3 billion years. The graph
shamass the breakdowen of a 1-gram sample
of potassium-40 into argon-40 over
billions of years.

1. Reading Graphs “What does the red
line represent? What does the blue line
represent?

2. Reading Graphs At 2.6 billion years
ago, how much of the sample
consisted of potassium 407 How much 4. Interpreting Data At the point where
of the sample consisted of argon-407 the graph lines cross, how much of the

3. Reading Graphs Atwhat point in time sample consisted of potassium 407 How
do the two graph lines cross? much 1:!:|r_|5|5ta|:| of argon-407 Explain

wehy this is the case.

-, _.,--""".r
Argon-L0 “‘--‘,____‘__

3 2 1 Fresent
Time {(bllllons of years aga)

Amourmt of Element
(g rams)
[
L

Radioactive Dating A technigue called radicactive dating
allows scientists to determine the actual age of fossils. The rocks
that fossils are found near contain radicactive elements, which
are unstable elements that decay, or break down, into different
elements. The half-life of a radioactive element is the time it
takes for half of the atoms in a sample to decay. The graph in
Analyzing [rata shows how a sample of potassinm-4(, a radioac-
tive element, breaks down into argon-40 over time.

Scientists can compare the amount of a radioactive element
in a sample to the amount of the element into which it breaks
down. This information can be used to calculate the age of the
rock, and thus the age of the fossil.

Ruwedi
n'-':'ﬂ:fnhmj What & a halflife?

What Do Fossils Reveal?

Like pieces in a jigsaw puzzle, fossils can help scientists piece
together information about Earth’s past. From the fossil
record, scientists have learned information about the history of
life on Earth. The millions of fossils that scientists have col-
lected are called the fossil record.




fossils are now extinct. A species is extinct if no members of
that species are still alive. Most of what scientists know about
inct species is based on the fossil record.

,ll'h@ Geologic Time Scale The fossil record provides clues
bout how and when new groups of organisms evolved. Using
dioactive dating. scientists have calculated the ages of many
:n:llfferent fossils and rocks. From this information, scientists have
reated a “calendar” of Earth’s history that spans more than
.6 billion years. Scientists have divided this large time span into
smaller units called eras and periods. This calendar of Earth’s
istory is sometimes called the Geologic Time 5cale.

The largest span of time in the Geologic Time 5Scale is Pre-
cambrian Time, also called the Precambrian (pree xam bree
un). It covers the first 4 billion years of Earths history. 5cien-

ists know very little about the Precambrian because there are
fossils from these ancient times. After the Precambrian, the
Genlogic Time 5Scale is divided into three major blocks of time,
r eras. Each era is further divided into shorter periods. In
Figure 16 on the next two pages, you can see the events that
:u:nfcu.rred during each time period.

Rwual

dﬂm&ilm | 'IHIlat?E the largest span In the Geologk Time

First many-celled
Organisms

First one-celled l

| organisms
: with nucdlel |-

I| Eay

B Precamirian Time
B raleozoic Era

B mesozoic Era
(M cenczoic era

Fisure 15

Earth’s History as a Chock

Fossils found In rock layers tall the
history of ife on Earth. The histony
of Iife can be compared to 12
hiowrs on a clock.

Interpreting Diagrams Af what
time an @ 12-hour time scale did
plants appear on land?

- __




Ficune 16
The Geologic Time Scale

Sequencing Which organisms appeared first—amphibians or fishes?

Precambrian
Time

4.6 billion—

EA4 million
Years ago

N s
Early W ’,'

bacterla

Early
algaa

JeliyTish-lke
animal

Precambrizan
Time bagins with
the formation of
Earth. The first
Iving things —
bacterla —
appeared In seas
3.5 bilkon years
ago. Algae and
fungl evolved

1 billlion years
ago. Animals
first appaarad
& million yaars

ago.

L4455 million
YEArs 3gQo

Imvertebrate sea
animals such as
spongeas, snalls,
clams, and
Worms evohve.

05438 millicn
YEears ago

The earllest
fishas evobie.
Although many
niewy specles of
anlmals arlse,
many become
extinct by the
end of the
period.

438408 milllon
YEArs ago

Land plant

Land plants and
animals evolve,
The plants are
similar to

present-day
MOSSEs.

40E-360 millicn
years ago

Many types of
fishes Ive In
the seas. Early
amphiblans
eviohre. They
are fishllke
animals that
have legs and
can breathe air.
Ferms and cone-
bearing plants
appear on land.

o NTLHL] LS

360-Z2B6 million
years ago

Amphiblan

Tropical forests
bacoma
widespread.
Many differant
Insects and
amphibians
evohee. The
earllest reptilas
appear.



245-208 million
years ago

Coeloph
zzF

The first
dinosaurs
evolve. First
turtles and
crocodiles
appear.
Mamm als first
appear. Cone-
bearing trees
and palmlike
trees dominate

m i‘\
4 f

forests.

208-144 million
years ago

144-66 million
years ago

Creodont

The first
flowering
plants appear.
At the end of
the period, a
mass extinction

66-1.8 million
years ago

Wntatherium

New groups of
animals,
including the
first monkeys
and apes,
appear.
Flowering
plants become
the most
common kinds
of plants. First
grassas appear.

1.8 million years
ago to the
present

Saber-toothed

." ‘
§

Mammals,
flowering
plants, and
Insects
dominate land.
Humans appear.
Later in the
pericd, many
large mammals,
Including
mammoths,
become extinct.




Ficure 17

Mass Extinctions

An asterold may have causad the mass
extinction that occurred about 65
million years ago.

Relating Cause and Effect How could an
asteroid have caused climate change?

A An asterold zooms toward Earth.
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Unanswered Questions

The fossil record has provided scientists with a lot of
important information about past life on Earth. The fossil
record, however, is incomplete, because most organisms
died without leaving fossils behind. These gaps in the fossil
record leave many questions unanswered. Two unan-
swered questions about evolution involve the causes of
mass extinctions and the rate at which evolution
occurs.

Mass Extinctions When many types of organisms
become extinct at the same time, a mass extinction has
occurred. Several mass extinctions have taken place dur-
ing the history of life. One mass extinction, for example,
occurred at the end of the Cretaceous Period, about 65
million years ago. During the Cretaceous mass extinc-
tion, many kinds of plants and animals, including the
dinosaurs, disappeared forever.

Scientists are not sure what causes mass
extinctions, but they hypothesize that major
climate changes may be responsible. For
example, a climate change may have caused
the mass extinction at the end of the Creta-
ceous Period. An asteroid, which is a rocky
mass from space, may have hit Earth, throw-
ing huge clouds of dust and other materials
into the air. The dust clouds would have
blocked sunlight, making the climate cooler,
and Killing plants. If there were fewer plants,
many animals would have starved. Some sci-
entists, however, think volcanic eruptions,
not an asteroid, caused the climate change.

¥ Many plants and animals dle. | f
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Gradualism Scientists aso aré ot s0fe how rapidly species
change. One theory, called gradualism, proposes that evolution
nocurs slowly but steadily. According to this theory, tiny chanpes
in a species gradually add up to major changes over very long
periods of time. This is how Darwin thought evolution occurred.

If the theory of gradualism is correct, the fossil record
should include intermediate forms between a fossil organism
and its descendants. However, there are often long periods of
time in which fossils show little or no change. Then, guite sud-
denly, fossils appear that are distinctly different. One possible
explanation for the lack of intermediate forms is that the fossil
record is incomplete. Scientists may eventually find more fos-

ails to fill the gaps. Ficure 18
Trilobite

Punctuated Equilibria The theory of punctuated equilib- | Trilobites were once common In
ria accounts for the gaps in the fossil record. According to this | Earth’s oceans, but they were
theory, species evolve quickly during relatively short periods. destroyed In 3 mass extinction.
These periods of rapid change are separated by long periods of
little or no change. Today most scientists think that evolution
ican oocur gradually at some times and more rapidly at others.

J Rwualing .| What ﬂ'}eury_"pmpniaﬂut evolution occurs slowly

Chobpeint ) but steadily?
section ' 3 Assessment
{BTEIFQEI Reading 5kill Building Vocabulary Use b. Interpreting Diagrams Look at Figure 16.
your definitions to help you answer the questions Did the organisms during Precambrian Time
below. have hard body parts?
Reviewing Key Concepts L. Relating Cause and Effect Give one reason

why there are few Precambrian fossils,
4. a. Reviewing What are two unanswered
questions about evolution?
b. Comparing and Contrasting How are the
theories of gradualism and punciuated
equilibria different? How are they similar?

1. a. Reviewing What are sediments? How are
they involved in the formation of fossils?
b. Classifying Identify three types of fossils.
¢. Comparing and Contrasting Which of the
major types of fossils do not form in
sediments? Describe how this type can form.
2. a. identifying What are the two methods of

determining a fossil’s age? Lok — - -
b. Describing Describe each method. r'!_IIII_'IE AT Home Ht’.tl’n‘lt‘)‘

€. Epplying Concepts Some fossil organisms

are frozen rather than preserved in sediment. Modeling Fossil Formation With an adult
Which method of dating would you use with family member, spread some mud in a shallow
frozen fossils? Why? pan. Use your fingertips to make "footprints”

3. a. Defining What is the Geologic Time Scale? across the mud. Let the mud dry and harden.
Into what smaller units i it divided? Explain hows this is similar to fossil formation.




