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Chapter 8  Earth System Evolution

Learning Outcomes
In this section, you will

• Understand the process 
of fossilization.

• Determine which plant and 
animal parts have the highest 
and lowest potential for 
becoming fossilized, and 
understand why this is the case.

• Determine which organisms in 
your community are most likely 
to become preserved in the 
fossil record.

• Determine where fossils 
may be forming within 
your community.

• Understand the hierarchy of a 
food chain and how this affects 
the likelihood that an organism 
will be preserved in the fossil 
record.

Think About It
Imagine that it is hundreds of thousands of years in the future. 
A geologist has just discovered your community and is planning 
to perform an excavation.

• What evidence would the geologist find to know that life had 
existed in your community? 

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

Investigate
In this Investigate, you will run a model of the fossil-forming 
process. You will also examine the likelihood that various parts of 
your local ecosystem could be preserved as fossils in the future.  

Section 6 The Fossil Record
What Do You See?
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Part A: How Fossils Form 

Wear goggles throughout Part A.

 1. With a paper towel, smear petroleum 
jelly all over the inside of a container. 

 2. Following the directions on the 
package, mix plaster in a mixing bowl. 
Complete Steps 3–6 immediately after 
this, so that the plaster does not set 
while you are still preparing the “rock.” 

 3. Fill the container until it is half full of 
the plaster. 

 4. With a paper towel, smear a thin 
coating of petroleum jelly on both 
surfaces of a clamshell. Place a 
clamshell in the middle of the container 
and press it gently into the plaster. 

 5. Sprinkle some confetti onto the rest of 
the surface of the plaster, enough to 
cover about 50 percent of the surface. 

6. Fill the rest of the container with 
more plaster. 

 7. Let the plaster harden overnight. During 
the next class, remove the plaster 
“rock” from the container by turning 
the container upside down and banging 
it down against the floor or tabletop. 

 8. Set the plaster on its edge on a hard 
surface. Hit it gently with the hammer, 
at about the level where the confetti 
was sprinkled. It should split along the 
plane where the clamshell was placed. 

Cover the plaster cast with a towel before 
hitting it with the hammer.

a) Why did the “rock” break along 
the plane where the fossil is located 
rather than somewhere else? 

b) Do you think that a rock would 
usually break through the locations 
of fossils? Why or why not? 

c) Clams have two parts to their shell. 
The parts are called valves. Each 
valve has an inner surface and an 
outer surface. How many different 
kinds of imprints might be seen when 
the valves of a clam are buried and 
fossilized as in this investigation? 

d) If you had not seen the original shell 
that went into the plaster and did 
not see it when the “rock” was split 
open, how might you reconstruct 
what the shell looked like, just from 
studying the fossil evidence?

Part B: Fossils in Your Community 

 1. Natural ecosystems have different 
energy levels called trophic levels. 
Plants belong to the first level because 
the chemical energy they store comes 
directly from solar energy. They are 
primary producers. Organisms that 
eat only plants are at a higher level. 
They are called primary consumers 
or herbivores. Organisms that eat 
only other animals are higher-order 
consumers or carnivores. (Omnivores 
eat both plants and animals.) 

Section 6  The Fossil Record
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Chapter 8  Earth System Evolution

a) Identify the organisms shown 
at each of these levels in the 
diagram below.

b) Identify the most common organisms 
at each of these levels within your 
community. Try to list at least two 
or three different organisms for 
each level. 

c) Draw a diagram that illustrates the 
connections between each of these 
organisms. By doing so, you will 
have essentially constructed a food 
web for your community. 

 2. Think about the organisms and their 
parts in your community. 

a) Which parts of each organism 
are the least resistant to decay 
and decomposition?

b) Which parts of each organism 
are the most resistant to decay 
and decomposition? 

 3. Compare your list of resistant parts 
that you have identified for each plant 
and animal group with other members 
of your group. 

a) Which type of organism has the 
highest probability of leaving some 
sort of fossil record? 

b) Why do some plants or animals have 
a low probability of leaving some 
sort of fossil record? 

c) How do you think that an 
organism’s position on the food 
chain affects its likelihood of 
being fossilized?

FOSSILS
Food Chains and Food Webs
Plants use energy from the Sun to make food, 
through the process of photosynthesis. Organisms 
that make their own food are called producers. 
Other organisms, like animals, are not able to 
make their own food. They must eat plants, or 
other animals that eat plants, to obtain energy. 
Such organisms that rely on plants for food are 
called consumers. Scientists use a kind of flowchart, 
called a food chain, to show how organisms are 
connected to each other by the food they eat. It is 
a convenient way to show how energy and matter 
are transferred from producers to the next levels of 
consumers. In most ecosystems, consumers rely on 
more than one source of food. Therefore, it is more 
realistic to show the relationships in the form of a 
food web. Figure 1 shows a sample food web.

Digging Deeper

Figure 1 Can you identify 
the different trophic 
levels of this food web? 
What are they?
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Section 6  The Fossil Record

All living things die. Also, consumers generate waste materials from the 
food they eat. A special group of consumers, called decomposers, obtain 
the matter and energy they need from wastes and dead plants and 
animals. Decomposers play an essential role in food webs.

What is a Fossil?
Earlier, you learned that a fossil is any 
evidence of a past plant or animal 
contained in a sediment or rock. There 
are two kinds of fossils: body fossils 
and trace fossils. Body fossils, such as 
those shown in Figure 2, are the actual 
organisms or some part of them. They 
may also be the imprint of the 
organism or some part of it. Bones, 
teeth, shells, and other hard body 
parts are relatively easily preserved as 
fossils. However, they may become 
broken, worn, or even dissolved 
before they might be buried by 
sediment. The soft bodies of 
organisms are relatively difficult to 
preserve. Special conditions of burial 
are needed to preserve delicate 
organisms such as jellyfish. Sometimes, 
such organisms fall into a muddy sea 
bottom in quiet water. There, they 
might be buried rapidly by more mud. 
Only in circumstances like these can such organisms be fossilized. For that 
reason, the fossil record of soft-bodied organisms is far less well known. 
There is a strong bias in the fossil record. Some organisms rarely have the 
chance of becoming fossilized. Under very specific circumstances, however, 
even these can become part of the fossil record. 

Trace fossils are the record
of organisms’ life activities 
rather than the organisms 
themselves. (See Figure 3.) 
Tracks, trails, burrows, 
feeding marks, and resting 
marks are all trace fossils. 
Trace fossils are useful for 
geologists and paleontologists. 
This is because certain kinds 
of organisms, which live in 
specific environments, make 
distinctive traces.

Figure 2 Dinosaur bones collected in 
Dinosaur National Monument in Utah.

Figure 3 Feeding trails and burrows are kinds 
of trace fossils. Note the penny for scale.

Geo Words
fossil: any evidence of 
past life preserved in 
sediments or rocks.

body fossil: any 
remains or imprint 
of actual organic 
material from a 
creature or plant that 
has been preserved in 
the geologic record 
(such as a bone). 

trace fossil: a 
fossilized track, trail, 
burrow, tube, boring, 
tunnel or other 
remnant resulting 
from the life activities 
of an animal. 

bias: a purposeful or 
accidental distortion 
of observations, 
data, or calculations 
in a systematic or 
nonrandom manner.

paleontologist: a 
scientist who studies 
the fossilized remains 
of animals and/or 
plants. 
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Chapter 8  Earth System Evolution

In relatively young sediments and rocks, the actual body parts of an 
organism are often preserved. You modeled this in Part A of the Investigate. 
In older rocks, the body parts are usually dissolved away. They may also be 
recrystallized or replaced by another kind of mineral. Even so, the imprints 
of the organisms are still preserved. They can be studied if the rock splits 
apart in the right place and the right orientation to reveal the imprint. 
Paleontologists usually collect large numbers of rock pieces. They then split 
the rock in the laboratory with special mechanical splitting devices to try to 
find at least a few fossils. 

Fossilization
As you saw when you looked at food chains and food webs, only a very 
small part of what once lived is spared being a meal for some other 
organism. There is a very high probability that any organism on Earth will 
be either consumed by another organism or decomposed by microorganisms 
following death. Decay affects not only soft body parts but also some of 
the harder, more resistant body parts. Think of a forest floor like the one in 
Figure 4. Each plant and animal that lives in the forest eventually ends up 
on the forest floor in some form. Soft tissues of animals, leaves, and flowers 
are used by decomposers. They decay within several weeks or are used 
by some other organism as a food source. The most resistant body parts 
include insect exoskeletons, vertebrate bones, wood, leaf cuticles, seeds, 
pollen, and spores. They may remain on the forest floor for many years or 
even centuries. This depends upon the physical and chemical conditions of 

the soil. A similar situation 
exists on the ocean floor.

For an organism or body part 
to become a fossil, certain 
conditions must occur. It 
must either live within or be 
moved to a place where it can 
be buried. However, being 
buried does not guarantee 
that a fossil will form. Under 
normal burial conditions, all 
organisms will decay. Hence, 
there must be other factors 
at work during or right after 
burial to slow or stop decay. 
The conditions necessary 
for fossilization do not exist 
everywhere all of the time. In 
fact, they exist in only a few 
places and for only a tiny bit 
of the time. 

Figure 4 Fungi attack a fallen log in the woods.
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Section 6  The Fossil Record

Despite this, huge numbers of organisms have become fossilized. The 
reason lies in the extent of geologic time. It is difficult to imagine how long 
a million years is. Yet physical, chemical, and biological processes have been 
operating on Earth not just for millions of years, but for billions of years. 
Figure 5 shows a simple geologic time scale. It indicates when various kinds 
of organisms are first seen in the fossil record. 

  Figure 5 Important evolutionary events of geologic time. Note that 
the divisions of geologic time are not drawn to scale.
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Think About It Again 
At the beginning of this section, you were asked the following:

• What evidence would the geologist find to know that life had existed in 
your community? 

Record your ideas about this question now. Use your knowledge about the 
development of the young Earth to help with your explanation.

Reflecting on the Section and the Challenge
In this section, you ran a model of how fossils form. You also looked at 
ecosystems. You considered the probability that organisms or particular parts 
of organisms are fossilized. The fossil-forming process requires very specifi c 
conditions. Many of the processes that form sedimentary rocks are also fossil-
forming processes. Dead organisms must also avoid decomposition through 
burial. Assuming that life gained a foothold on another planet or moon in the 
solar system, how might it get preserved? Which kinds of environments and 
processes on other planets and moons might suit fossilization? Which processes 
might prevent fossils from forming? Suppose life once existed or exists beyond 
the Earth system. You can only study it if it is preserved. You now know where to 
look for it. This knowledge will help you to complete the Chapter Challenge.

Fossiliferous Rocks
A rock, such as the one shown in Figure 6,
that contains fossils is said to be 
fossiliferous. Not all sedimentary rocks 
contain fossils. If you parachuted out of 
an airplane and landed on sedimentary 
rock, the chance that you would fi nd a 
fossil would be rather small.

Some kinds of sedimentary rocks contain 
more fossils than others. Limestones are 
the most fossiliferous sedimentary rocks. 
This makes sense. Limestones are made up 
in part, or entirely, of the body parts of 
shelly marine organisms. Some shales are 
fossiliferous as well. This is because certain 
organisms like to live on muddy seafloors. 
Sandstones usually contain much fewer 
fossils than limestones. Fewer kinds of 
organisms can tolerate the strong currents 
and shifting sand beds that are found in 
areas where sand is being deposited. For 
the same reason, conglomerates are the 
least fossiliferous of sedimentary rocks.

Checking Up
1. What is a food 

chain, and what 
role does it play
in fossilization? 

2. How does the rate 
of burial relate to 
the likelihood of 
fossilization? 

3. What proportion of 
living organisms has 
the likelihood of 
becoming fossils? 

4. What is the 
difference between 
a body fossil and a 
trace fossil? 

5. Which kinds of 
sedimentary rocks 
tend to be the 
most fossiliferous, 
and which tend 
to be the least 
fossiliferous? Why?

Figure 6 A fossiliferous limestone 
composed mostly of brachiopod 
fossils.

Geo Words
fossiliferous rock: 
a rock containing 
fossils.
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Understanding and Applying

 1. A geologic map shows the distribution of bedrock at Earth’s surface. Every geologic 
map has a legend that shows the kinds of bedrock that are present in the map area.
The legend also shows the rock bodies or rock units that these rocks belong to, and 
their geologic age. Look at a geologic map of your community.

a) What kinds of rocks are found in your community? 

b) Are fossils likely to be found in these rocks? Why or why not? 

 2. a) What evidence do you think a paleontologist would find in your community
as proof of past life? 

b) Where would the paleontologist look to find this evidence? 

c)  Do the organisms living in your community provide a biological signal that
is unique to your area? Explain your answer. 

 3. Must an organism die as a requirement to be represented in the fossil record?
Explain your answer. 

 4. How are the physical and chemical processes responsible for preservation of
plants and soft-bodied animals different from those for organisms that have
hard skeletal parts? 

 5. Why would you expect that organisms living in ponds, lakes, or oceans have a greater 
chance of becoming part of the fossil record than organisms that live on land?

 6. Preparing for the Chapter Challenge

At this point you have learned about the evolution of each of Earth’s spheres. You have 
also looked at the preservation of the biosphere as fossils. You are now ready to start 
working on the final section of your documentary that addresses the possibility of life 
beyond planet Earth. Consider the chemistry of the planet or moon you have chosen. 
Think about the various environmental conditions across its surface and atmosphere. 
How might life have gained a foothold there? Could it be preserved? Continue to 
storyboard the evolution of your planet or moon and try to find a reasonable point in 
its history for life to begin. What happens to life after that is your decision. Begin to 
illustrate the biosphere. Remember to use scientific reasoning as a basis for your ideas.

Inquiring Further
 1. Taphonomy 

Taphonomy is the subdiscipline of paleontology that is concerned with the study of 
fossilization. The field of forensic science applies these principles to police and detective 
work. Investigate these subjects further. 

 2. Common geologic settings for preservation 

Where on land or in the ocean might an organism be buried “dead or alive”? What are 
the conditions necessary to preserve soft tissues in these settings? What examples can 
you find in the fossil record of soft tissue preservation?
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