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Learning Outcomes
In this section, you will

• Use mathematics to explore the 
duration of geologic time.

• Recognize the major events in 
Earth’s past that define parts of 
the geologic time scale.

• Examine the use of radioactive 
elements to date rocks.

Think About It 
You have had a glimpse of many events in geologic history. You 
learned that the structure of Earth’s interior began developing 
more than 4 billion years ago. You looked at evidence for the 
breakup of Pangea 250 million years ago. You also read about the 
evidence for the uplift of the Himalayan Mountains 50 million 
years ago. You examined younger events as well. You looked 
at data from earthquakes and volcanic eruptions from the past 
100 years. 

• How do scientists divide geologic time into smaller units? 

• How can scientists tell the ages of rocks?

• How do scientists use rocks to determine the ages 
of past events?

Record your ideas about these questions in your Geo log. Make a 
few quick sketches, if useful. Be prepared to discuss your responses 
with your small group and the class.

Section 5  Geologic Time

Section 5 Geologic Time
What Do You See?
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Investigate
In this Investigate, you will look at events 
in Earth’s history to help you divide 
billions of years of geologic time into 
smaller units. To do this, you will use 
distance to represent time. You will make 
measurements from a line that represents 
the beginning of Earth’s history. As you 
travel forward in meters, you will advance 
millions of years. Then you will look at the 
divisions of geologic time. Following that, 
you will examine how radioactive elements 
are used to determine the ages of minerals.

Part A: Earth’s History and 
Geologic Time

The time during which Earth has existed is 
known as geologic time. The system that 
scientists use to organize their fi ndings 
about Earth’s history is called the geologic 
time scale. To help you become familiar 
with these concepts, your group will create 
a model of the geologic time scale.  

 1. Identify a large space, such as a 
corridor, gym floor, school field, or 
playground, where you will be able 
to build your model. 

 2. A number of major events in Earth’s 
history are shown in the table on the 

next page. Look back through each 
EarthComm chapter and find other 
major geologic events and their ages. 

a) Make a list of these events in your 
Geo log.

 3. You have 25 m of paper roll to 
represent 4.6 billion years of geologic 
time. Tape the paper roll to the ground.

 4. On your roll, mark the six oldest 
events from the table. Start measuring 
from 4.6 billion years ago. Allow 
one step (about 50 cm) to equal 100 
million years. Use a calculator or 
spreadsheet to determine the number 
of steps you will need to walk from the 
start to reach each event in time. Mark 
these events on your roll. Include the 
following for each one:
• A short description of the event.
• The date of the event.
•  A simple picture or symbol that 

represents the event.

 5. Choose 10 other events from the table 
or your own list. Select events that 
cover the span of geologic time. Add 
these events to your time scale in the 
same way as the first six events.

 6. Once your time scale is complete, try to 
divide it into different parts. To do this, 

  

Images of Earth at different times in history: 4 billion years ago, 250 million years ago, and present day.
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group events together as if they were 
chapters in a long story. Remember that 
chapters usually have their own themes. 
You may select additional events from 
the list or other sources if you need 
more detail to define your chapters. 

a) Give each period in your time scale
a name.

b) Identify the year when each period 
begins and ends.

 7. Present your time scale to the class. 

a) In your Geo log, write some notes 
about how it compares to those 
created by other groups.

Geologic History: Major Events

Date Event

2011 Huge earthquake hits Japan.

2005 Gigantic tsunami develops in Asia.

1963 A new island erupts on a mid-ocean ridge near Iceland.

1904 Huge earthquake hits San Francisco.

1800 Atmospheric carbon dioxide rises.

10,000 years ago Sea levels rise around Earth.

11,500 years ago End of last glaciation in Europe.

2 Ma Modern ice age begins and sea level falls.

5 Ma A land bridge connecting North and South America forms.

7 Ma Hominids (the human species) separate from chimpanzees.

11 Ma The Grand Canyon is cut by the Colorado River.

16 Ma The Rocky Mountains rise up.

35 Ma A cold current develops around the Antarctic, causing global cooling.

55 Ma Plate movements leave Antarctica stranded over the South Pole.

65 Ma A giant meteorite strikes Earth.

140 Ma Sea level rises and falls.

200 Ma Pangea begins to break apart.

250 Ma Ice age ends and deserts expand.

260 Ma The climate becomes cooler and drier. Ice expands across Earth.

290 Ma Pangea forms as Euramerica and Gondwanaland collide.

350 Ma Euramerica and Gondwanaland move towards each other.

410 Ma The collision of gigantic landmasses forms the Appalachian Mountains.

495 Ma The supercontinent fragments.

540 Ma Explosive development of life.

600 Ma Shifts in climate force the entire Earth to glacial conditions.

1 Ga A supercontinent called Rodinia contains nearly all of Earth’s landmasses.

2 Ga Ancient mountains form (but are now worn away).

3 Ga Oldest sedimentary deposits are laid down on the shields.

4 Ga The core, mantle, and crust differentiate.

4.6 Ga Earth forms by accretion.

 Ma stands for millions of years ago. Ga stands for billions of years ago.
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Part B: The Geologic Time Scale

The geologic time scale that scientists have 
developed is shown below. Just as you did, 
scientists divide time according to events 
that have taken place in the past. Different 
from what you did is that they use events 
that occurred in the biosphere rather than 
across Earth’s different spheres. Each 
period is like a chapter in the history of 
Earth’s biosphere.

 1. Examine the geologic time scale. Use
it to answer the following in your 
Geo log:

a) What is the longest period?

b) What is the shortest period?

c) What is the average length of 
a period?

 2. Suppose you wanted to show the 
geologic time scale in a single year. 

The geologic time scale (boundaries are in millions of years before the present).
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a) Calculate the beginning and ending 
dates for each period. Assume that 
there are 365 days in a year. 

 3. Calculate the dates for the 
following events:
a) The first fish appear.
b) The dinosaurs become extinct.
c) Humans appear.

 4. Think about why geologists use the 
history of the biosphere to divide 
geologic time.

a) Write a brief explanation about 
why geologists use the history of the 
biosphere to divide geologic time.

Part C: Measuring the Age of a Rock

To determine the absolute age of a rock, 
scientists look for radioactive minerals. 
These minerals undergo a process called 
radioactive decay. You are now going to 
model this process and learn how it can be 
used to determine the age of a rock.

 1. Draw a large circle on a sheet of paper 
to represent a rock. Use 32 coins to 
represent radioactive atoms in the rock.

a) Copy the following table into your 
Geo log.  

Time 
(min:sec) Mineral

Atoms

Non-Decayed
(heads up)

Decayed
(tails up)

# Fraction Mass
(g) # Fraction Mass

(g)

0:00 formation 32
32
32 0

0
32 0

0:30 half the atoms decay

1:00 another half decay

1:30 another half decay

2:00 another half decay

2:30 another half decay

b) Measure and record the mass of 
one coin. 

c) Calculate the mass of 32 coins.

 2. Place all of the coins facing heads up in 
the rock outline. 

 3. Run the model by turning over half of 
the coins to tails up every 30 seconds. 
Continue this process for a total of 
2 minutes and 30 seconds. The tails 
up coins represent the atoms produced 
by radioactive decay. 

a) For each 30-second time period, 
complete the appropriate row in 
the table.

b) Create a graph that shows and 
describes the following relationships:
•  The mass of non-decayed atoms 

over time. 
•  The mass of decayed atoms 

over time.
 4. Use the table and your graph to answer 

the following:

a) What is the ratio of non-decayed 
atoms to decayed atoms at one 
and a half minutes after the rock 
was formed? 

b) How does this compare to the ratio 
after two and a half minutes?
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GEOLOGIC TIME
The Geologic Time Scale 
The time during which 
Earth has existed is known 
as geologic time. The 
geologic time scale is a 
system that scientists use to 
organize their findings 
about Earth’s history. In the 
Investigate, you made your 
own geologic time scale. 
You divided the time into 
different parts. This helped 
you to understand what 
scientists do when they 
divide geologic time into 
different parts.You likely noticed that some parts had more unique events 
than others. Some events occurred only once in Earth’s past. For example, 
the formation of Earth and the development of the core, the mantle, and 
the crust occurred only once. The development of the atmosphere was 

also a one-time event. Other events are 
cyclical. Mountain formation, the eruption 
of volcanoes, and earthquakes occur often. 
There have also been many changes in 
climate and in sea level. 

It is not easy to define the parts of 
Earth’s history using processes that repeat 
themselves. For this reason, scientists 
divide geologic time into smaller parts. 
They use the history of the biosphere. 
Fossils are evidence of once-living 
things. These organisms are preserved in 
sediments and rocks. Different species of 
organisms have appeared and disappeared 
over time. Fossils indicate when this 
happened. Extinct species do not reappear 
later. Scientists use the arrival and 
extinction of different fossils as markers. 
They are used to identify when certain 
parts begin and end.

The longest units of time in Earth’s 
history are called eons. So far, there have 
been four eons. Each has its own unique 
story. The Hadean Eon is the first part 
of Earth’s history. This part of Earth’s 

Digging Deeper

Geo Words
geologic time: the 
interval of time since 
the formation of 
Earth.

geologic time 
scale: the division 
of geologic time 
into units based on 
evolutionary events 
of geologic history.

eon: the longest 
division of geologic 
time that contains 
two or more eras.

Figure 1 Processes that happen often on Earth are 
not as useful as the unique events of the biosphere 
for dividing Earth’s history into smaller units.

Figure 2 A drawing and fossil of 
a trilobite. They are animals that 
once lived on the ocean floor. 
Trilobites mark the start of the 
Cambrian Period, about 540 Ma.
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history lasted 800 million years. During this time, the Moon formed, 
and meteorites bombarded the geosphere. Later, the core, mantle, and 
solid crust developed. Toward the end of the Hadean, simple life had 
gained a foothold on Earth. The Archean Eon lasted from 3.8 to 2.5 Ga. It 
contains evidence of early cellular life and photosynthesis. Next came the 
Proterozoic Eon (2.5 Ga–542 Ma). It is marked by the appearance of early 
life forms. However, it was the time before abundant life. The first major 
glaciation took place 2.3 Ga. Presently, Earth is in the Phanerozoic Eon. 
It has lasted about 542 million years so far. It is a time of abundant life. 
This is about an eighth of geologic time. During the Phanerozoic Eon, 
evolution has led to large-scale changes in the biosphere. Scientists have 
used these to further define the geologic time scale.

Figure 3 The units of geologic time are defined by major events in Earth’s history. 
Evidence comes from many different places in time and space.

Eons are divided into shorter units of time called eras. The Phanerozoic 
Eon is divided into three eras. The Paleozoic Era is the era of ancient life. 
It lasted about 290 million years. The Mesozoic Era is the era of middle 
life. It lasted about 185 million years. The Cenozoic Era is the current 

Geo Words
era: a major division 
of geologic time that 
contains two or more 
periods.
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era of modern life. It has lasted about 65 million years so far. Changes in 
the mix of animals and plants in the biosphere define the beginning and 
end of each era. These changes can be very dramatic. For example, the 
Mesozoic Era is called the Age of Dinosaurs. It ended when most of life on 
Earth became extinct. The next era is called the Cenozoic. It included the 
evolution of mammals. Many of these mammals live on Earth today. 

Eras are divided into shorter units of time called periods. Each period is 
named by the scientists who discovered it. Sometimes the names are from 
a particular region. For example, the Cambrian, Ordovician, and Silurian are 
names of three periods. They are named after Welsh tribes. Each period 
lasts tens of millions of years. They subdivide geologic time in a way similar 
to how hours divide a day. Each one also tells a unique part of Earth’s 
history. For example, the Cretaceous Period was when large dinosaurs were 
abundant. It lasted about 80 million years. After the Cretaceous Period 
ended, the number of dinosaurs decreased. A new period began. This was 
called the Paleogene Period. Scientists have defined this period according to 
the appearance of a large number of mammal fossils.  

Even smaller units of time, known as epochs, are part of the geologic time 
scale. They help define time even more precisely. This is much like minutes 
within an hour. Epochs are often determined by special events in other 
parts of the Earth system. They can include times when Earth’s climate 
changed. They might be determined by when Earth’s magnetism reversed 
or when distinctive layers of rock were deposited. 

Compared to a human lifetime, geologic time is extremely long. This 
makes it difficult to imagine its length, or the relative scales of its eons, 
eras, and periods. For example, think about the Phanerozoic Eon. It lasted 
about 540 million years. Imagine it as one year. In this year, animals with 
backbones would have emerged on the continents in mid-April. Dinosaurs 
would have appeared in July. They would have died out suddenly in late 
October. Humans would have arrived about two hours before midnight on 
New Year’s Eve. 

Dating Rocks Using Radioactive Decay
Scientists use geologic evidence for many events in Earth’s history. 
Mountains provide evidence of plate collisions or volcanic activity. 
The shields that form each continent tell about how Earth’s crust 
evolved. Special iron-rich rocks formed in the oceans tell about how the 
atmosphere was formed. Changes in fossil groups indicate changes in past 
climates. When looking back at events in Earth’s geologic past, scientists 
want to know the dates when these events occurred.

You have already looked at one way of dating rocks. You used a basic 
geologic principle in an earlier chapter. It is called the Principle of 
Superposition. It describes how younger layers of sediments are deposited 
on top of older layers. This gives a relative age of a layer of rock. You can 
identify a rock layer as being younger or older than the layers next to it.

Geo Words
periods: a division of 
geologic time that 
contains two or more 
epochs.

epoch: a short 
division of geologic 
history that contains 
a notable event.

relative age: a date 
given for a sample 
expressed as younger 
than or older than 
another rock or fossil.

absolute age: a date 
given for a sample 
expressed in years. 

radioactive decay: the 
process by which an 
atomic nucleus of an 
unstable atom loses 
particles.
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Geo Words
parent atom: the 
atom that undergoes 
radioactive decay in a 
nuclear reaction.

daughter atom: the 
product atom from 
the radioactive decay 
of a parent atom.

half-life: the length 
of time it takes for 
half of a radioactive 
substance to decay. 

Knowing the exact ages of rocks is also important to scientists. It helps 
them to unravel further some of the secrets of Earth’s history. It can 
help them to answer questions like the following. How old is Earth? 
When did the first continents form? How long does it take for ocean 
crust to be recycled in the mantle? Dating is important for correlating 
rocks in different locations as well. It can also allow events to be placed 
in sequence. This can be especially useful when trying to find out the 
effects of one event on another. 

To determine the absolute age of a rock, scientists look for radioactive 
minerals. These minerals contain radioactive elements. The nuclei of 
these elements are unstable. As a result, they break apart over time. 
This process is known as radioactive decay. 

The nuclei of radioactive elements 
break apart because they are unstable. 
As particles are released, the original 
element changes into a different one. 
The new element has slightly lighter 
properties. The atom that undergoes 
decay is called the parent atom. The 
product is called the daughter atom. 

Scientists look at the rate at which 
a radioactive element in a mineral 
decays to determine the age of the 
rock in which it is contained. The time 
it takes for half of the parent atoms 
to decay into daughter atoms of a 
different element is called a half-life. 
You used a model to illustrate this in 
the Investigate. In your model, the 
half-life was 30 seconds. Knowing the 
half-life of an element and the fraction 
of parent atoms left, a decay graph is 
used to determine when the parent 
atoms were fully intact. The date when 
the rock was formed can then be 
determined.

Different elements have different half-
lives. Ones that have very long half-
lives decay very slowly. For instance, 
the radioactive isotope of rubidium has 
a very long half-life. It takes about 48.8 
billion years for half of it to change to 
strontium. Elements such as this, with 
very slow rates of decay, are good for 
finding the ages of very old rocks.

Figure 4 The loss of subatomic particles 
leaves parent and daughter atoms 
trapped in the host mineral.

Figure 5 A decay curve showing the loss 
of atoms through time.
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Using radioactive decay, scientists have found Earth’s oldest mineral to be 
zircon. You read about this mineral when you learned about the evolution 
of the geosphere. Zircon contains small traces of the radioactive element 
uranium. (Uranium decays to form lead.) Zircon samples have been found 
that date as far back as 4 billion years. Zircon is highly resistant to 
weathering and erosion. Most other minerals that may have formed in a 
rock with an ancient zircon would probably have worn away long ago.

  Figure 6 Southern Greenland has some of Earth’s oldest rocks, about 
3.7 to 3.8 billion years old.

Some elements have short half-lives. 
The half-life of radioactive carbon atoms 
is only 5730 years. Consider a geologically 
young sample of carbon that formed 
50 million years ago. It would have gone 
through about 100,000 half-lives of decay 
by now. The amount of non-decayed 
carbon left would be tiny. It would be 
too hard to measure accurately. Due to 
this, radiocarbon dating is not good for 
all samples. It is only good for ones that 
are 70,000 years old or younger. 

Figure 7 Zircon is a very resistant mineral, and 
grains have been found from rocks that formed 
more than 4 billion years ago.
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Radioactive dating is done mostly on igneous rocks. Radioactive elements 
are trapped in certain minerals when magma cools and hardens to form 
rock. There are a few types of sedimentary rocks that contain radioactive 
elements. Many sedimentary rocks are made from older rocks that have 
been broken down. Therefore, radioactive dating is not always the 
best method for finding the age of these rocks. The same is true for 
metamorphic rocks. The radioactive “clock” is reset in new minerals that 
form when rocks are deformed. These minerals give a younger age for 
the rock than when it originally formed. 

  Figure 8 Many igneous rocks provide good radiometric dates. As lava cools to 
form solid rock, the radiometric clock starts to tick.

Checking Up
1. Rank the major 

divisions of 
geologic time 
according to their 
duration.  

2. What does the 
half-life of a 
radioactive element 
describe?

3. How are geologic 
periods named?

4. During which eon 
did Earth’s oldest 
mineral form?

Figure 10 Metamorphic rocks are 
complicated to date because they form 
when pressure and temperature changes the 
minerals in existing rocks.

Figure 9 Certain sedimentary rocks are 
difficult to date when they are made 
of many different pieces of rocks from 
different places and different ages.
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Think About It Again 

At the beginning of this section, you were asked the following:

• How do scientists divide geologic time into smaller units? 

• How can scientists tell the ages of rocks?

• How do scientists use rocks to determine the ages of past events?

Record your ideas about these questions now. Be sure your answers describe the role 
of the biosphere in the division of geologic time, as well as the use of radioactive 
decay in dating rocks.

Reflecting on the Section and the Challenge
In this section, you looked at the geologic time scale. You saw how it is divided into 
smaller units. You also saw how it is used to place events in Earth’s history. You learned 
how events in the biosphere are used to defi ne geologic periods. You also learned about 
radioactive elements. The half-life of these elements can be used to calculate the ages 
of minerals. Dating geologic evidence enables geoscientists to determine exactly when 
geologic events occur. Both of these tools have useful applications to the study of planets 
and moons in the solar system. 

Understanding and Applying

 1. Why are changes in the biosphere more useful than changes in the geosphere for 
dividing geologic time into periods?

 2. How did you use a model to explore geologic time? Why was a model necessary?

 3. Why are the divisions of geologic time different lengths?

 4. How old are lunar rocks? What important inference can you make from their age?

 5. What limitations would you have to face if you were going to construct a geologic 
time scale for Mars? 

 6. How does metamorphism affect radioactive dating?

 7. How are sedimentary rocks useful for absolute dating?

 8. About how old is a rock with a ratio of non-decayed to decayed atoms of 1:15?

 9. Preparing for the Chapter Challenge

Revisit the sequence of major events in Earth’s history in your script. Allocate the 
appropriate geologic time periods to these events. You will want to include something 
about the changes that define each new period in your narration. For the planet or 
moon you have chosen, does a geologic time scale already exist? If so, then apply 
the time scale to the events you have included in your documentary. If not, try to 
construct a geologic time scale based on the major events in the development of the 
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planet or moon. In the absence of a biosphere, use evidence of major events from other 
spheres to help you. If you have considered that life was possible, then use the origin 
and development of the biosphere to help you to create a geologic time scale for the 
planet or moon you have chosen.  

Inquiring Further
 1. The history of the geologic time scale 

The presence of fossils in rocks has enabled geologists to correlate geographically 
distant areas and create models of geologic time. Research early geologic maps from 
the eighteenth century onward and the development of the geologic time scale. 

 2. Dating rocks and fossils 

You have learned about absolute dating and relative dating. There are many different 
ways that geologists use physics to find out the absolute ages of rocks. Some methods 
involve special compounds that break down over time; others involve measuring the 
effects of exposure to the Sun. Learn more about how scientists find the ages of rocks 
and once living things. 

Fossil of a grasshopper from the Cretaceous Period found in Brasil.
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