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Section 4  The Biosphere and the Evolution of the Atmosphere

Think About It 
Earth’s gravity and magnetic fi eld have been crucial to the survival 
of Earth’s atmosphere. Today, the atmosphere has about 21 
percent oxygen and Earth is surrounded by an ozone shield. When 
life began around 3.5 to 4 billion years ago, the atmosphere lacked 
free oxygen and ultraviolet rays bombarded Earth’s surface. 

• What caused the rise in oxygen from almost 0 to 21 percent?  

• Where might scientists look for evidence about how the young 
atmosphere formed and how it changed?

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

Investigate
In this Investigate, you will explore the simple chemical process of 
rusting by immersing iron in water and observing the outcome. You 

Section 4  The Biosphere and the Evolution of
the Atmosphere

What Do You See?

Learning Outcomes
In this section, you will

• Conduct an experiment that 
shows how iron reacts with 
oxygen in a solution.

• Understand how early life 
forms contributed oxygen 
to the atmosphere. 

• Examine the rock record for 
evidence of the development 
of the atmosphere.
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will then explore special rocks called banded 
iron formations that provide insight into 
iron oxidation several billion years ago. 

Part A: Iron and Oxygen 

 1. To help you understand how iron-oxide 
minerals formed in ancient marine 
environments, you will dissolve an iron 
tablet in a beaker of tap water. Before 
you begin, predict what will happen to 
the iron when it is added to the water. 

a) Record your predictions in your 
Geo log.

b) Explain your predictions.

c) Copy the following table in your log 
to record your observations.

Time 
Elapsed Appearance of Solution Appearance of Sediment 

on Bottom of Beaker

0 min

1 min

2 min

3 min

4 min

5 min

24 h

 3. Put on your safety goggles. Fill a 
beaker with 300 mL of hot tap water.  

 4. Place an iron dietary supplement tablet 
(325 mg ferrous sulfate tablet) into the 
water. 

a) In your table, record your 
observations of the appearance 
of the solution and sediment on 
the bottom of the beaker at the 
beginning of the experiment.  

 5. Use a stirring rod to break up and mix 
the tablet into the solution. Stir the 
solution for 1 min. 

a) In your table, record your 
observations of the solution and 
sediment in the beaker at 1 min.  

 6. Observe the solution for another 4 min. 

a) In your table, record your 
observations of the solution and 
sediment in the beaker every minute. 

 7. Let the beaker sit out overnight.

a) Record your observations of the 
solution and sediment in the beaker. 

 8. Study your table and think about how 
you might explain your results.

a) In your log, describe your results.

b) Explain the reasons for your results.

Part B: Evidence of Oxidation in the 
Rock Record  

While iron is a common element, it is rarely 
abundant in rocks. However, one type of 
iron-bearing rock fascinates scientists. It 
is called a banded iron formation. These 
ancient, metamorphosed rocks date back 
to 3 billion years ago. They were formed 
as iron-rich marine sediments that were 
buried, lithifi ed (formed into rock), and 
metamorphosed. Today, these rocks are 
found on continents worldwide. This 
shows that there were iron-oxidizing 
conditions throughout Earth’s early oceans.
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 1. Study the following pictures of banded 
iron formation rocks.

a) In your log, record some of the 
distinctive features you see in the 
banded iron formations.

b) From your experience with 
oxidation, how do you think
the iron-oxide minerals in 
these rocks formed? 

Australia; 2.4 billion years old

Animikie (northern Michigan); around 2.5 billion 
years old

Minnesota; around 2 billion years old

Barberton Greenstone Belt, South Africa; 
3.15 billion years old

Jasper Knob (Upper Peninsula of Michigan); around 
2 billion years old
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 2. Look ahead in the Digging Deeper at 
the map that shows the distribution of 
banded iron formations.

a) Describe the distribution.

b) Revisit Section 1 which looked 
at the evolution of the geosphere. 
Look at the map that shows Earth’s 
geologic provinces in the Investigate. 
In what kinds of geologic provinces 
are the banded iron formations 
found? 

c) What conclusions can you draw 
from this?

Part C: Examining the Rock Record for 
Evidence of Oxygen Production  

 1. Look at the following graph. It shows 
the extent of worldwide banded iron 
formations over time.  

a) Describe the development of banded 
iron formations over time.

 2. Think about what inferences you can 
make about the volume of iron and 
oxygen in the global ocean as banded 
iron formations:
• increased in formation until 

about 2.5 billion years ago;
• peaked in formation at around 

2.0 billion years ago, and
• decreased in formation until 

1.5 billion years ago.

a) Record these inferences in your
Geo log.

b) Where do you think the iron that 
created the banded iron formations 
came from?

c) Where do you think the oxygen 
came from?
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Geo Words
iron oxide: inorganic 
chemical compounds 
composed of iron 
and oxygen. Many 
varieties exist, 
including the minerals 
magnetite (Fe3O4) and 
hematite (Fe2O3).

IRON OXIDATION
Scientists cannot directly sample Earth’s atmosphere from billions 
of years ago. Instead, they look for clues about the past makeup of 
the atmosphere. Some of these clues are in the chemistry of rocks. 
These rocks formed in ancient marine environments. Iron oxide is one 
compound in these rocks. It tells a lot about the amount of oxygen in 
Earth’s ancient atmosphere. 

In the Investigate, you dissolved an iron tablet in a beaker of tap water. 
You most likely observed the water change to reddish brown as the iron 
tablet dissolved. Gradually, reddish-brown particles formed in the water. 
This gave it a cloudy appearance. As the particles grew in size, they sank 
down to the bottom of the beaker. Over time, more and more particles 
accumulated on the bottom of the beaker. The next day, the reddish 
brown disappeared and the water was clear.

The change in color you observed 
is due to the chemical process 
called oxidation. Oxidation is the 
combination of a substance with 
oxygen. In the Investigate, iron 
oxidized, or combined with oxygen, 
to form iron oxide. This reaction 
takes place when both elements 
are dissolved in water. The iron 
came from the tablet. The oxygen 
dissolved in the water came from the 
atmosphere. As more iron combined 
with oxygen, larger and larger iron-
oxide particles formed. They sank 
to the bottom of the container. 
This removed the iron from the 
solution. If you do not add new 
iron, the concentration of iron in 
the solution decreases.

You have most likely had other 
experiences with iron oxidation. 
Iron is found in many materials that 
are used daily. For example, iron is 
found in cars, bicycles, ships, nails, 
and support beams for buildings. 
Paint or rust proofing is used to 
protect the iron in these items from 
rusting. They prevent the iron from 
coming into contact with moisture 
and oxygen. This prevents iron oxide 
from forming.

Section 4  The Biosphere and the Evolution of the Atmosphere

Digging Deeper

Figure 1 Iron that is exposed to oxygen 
forms iron oxide.
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Banded Iron Formations
In the Investigate, you looked at pictures of banded iron formations. You 
saw that they were made up of alternating dark and light layers of rock. 
Some of the layers contain iron-rich minerals. The minerals are hematite 
and magnetite which are common. Some of the layers are a fine-grained 
silica rock called chert. Chert is a chemical sedimentary rock that forms 
when tiny quartz crystals grow from a silica-rich solution. 

Today, banded iron formations can be found all over the world, including 
North America, South America, Africa, Australia, Greenland, India, and 
Asia. They are commonly associated with greenstone belts. They were 
moved onto the continents by accretion. This is the process by which the 
cores of ancestral continents grew by the subduction of adjacent oceanic 
crust and the welding of crust to the continental margin.

Scientists think that during the late Hadean Eon the oceans contained vast 
amounts of iron and silica. One source of the iron seems to have been 
underwater volcanoes. The iron was released in fluids from hydrothermal 
vents. There, the material from the upper mantle mixed with seawater. 

Another source for the iron and silica in the oceans was Earth’s crust. 
Earth’s young basaltic crust was rich in minerals that contain iron and 
silica. Earth’s new crust was exposed to the warm primitive atmosphere. 
This caused rocks to weather. The weathering process released iron and 
silica from the crust. They found their way into rivers in solution and in 
mineral fragments. The rivers eventually deposited the iron and silica into 
the oceans.

Iron was being added to seawater for several hundred million years. 
However, it was not being removed. Also, at that time, there were no 
organisms that required silica to form shells. As a result, the ocean water 
became saturated with silica as well. Iron and silica are the chemicals 
found in the iron-rich and chert layers that form banded iron formations.

Then a change began to occur. Banded iron formations began to appear. 
Scientists have determined that this occurred in the following way. 
Between about 3.5 and 2 billion years ago, the iron and silica began to 
react with oxygen dissolved in Earth’s ancient ocean. Iron reacted to form 
iron-oxide minerals. They built up in layers on the ocean bottom. Silica 
in the water also reacted with the oxygen. As a result, layers of silica-rich 
chert were formed. 

Banded iron formations developed in two major settings. Some formed 
in deep marine environments where volcanism released iron and silica. 
Others formed in shallow basins along the margins of continents. Some 
scientists think that the layering of banded iron formations reflects the 
competing influences of hydrothermal processes and continental fluxes 
of material. However, there is still much debate about their layering. 

Geo Words
banded iron 
formations: rocks, 
more than two billion 
years old, that consist 
of oxides, sulfides, or 
carbonates of iron, 
thinly interbedded 
with chert, a silica-
rich rock. 

chert: a sedimentary 
rock made of tiny 
quartz crystals 
formed from watery 
solutions, often grey 
in color.
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The Rise of Oxygen in the Atmosphere
Where did the oxygen to form the banded iron formations come 
from? This puzzled scientists for many years. Then stromatolites were 
discovered. (You looked at stromatolites in the previous section.) 
Scientists thought that the oxygen must have come from ancient 
cyanobacteria. Recall that cyanobacteria are phototrophs. They use 
photosynthesis to convert energy from the Sun into food. Oxygen is a 
by-product of photosynthesis. The population of cyanobacteria on Earth 
increased. As a result, 3.5 to 2.5 billion years ago, more and more oxygen 
was released into Earth’s atmosphere.

Figure 2 The rise in free oxygen in Earth’s atmosphere.

The atmosphere and oceans readily exchange gases. As the oxygen 
content of the atmosphere increased, the dissolved oxygen content of 
the surface waters in the oceans also increased. Oxygen reacted with the 
dissolved iron and silica in the ocean. This resulted in the layers of the 
banded iron formations. Until 2.3 billion years ago, oxygen was drawn 
down into the oceans. It replaced oxygen used up in forming the banded 
iron formations. This kept the concentration of oxygen in the atmosphere 
to low levels. The levels were 1–2 percent of what they are today.
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Figure 3 Distribution of major banded iron formations.

After about 2 billion years ago, the deposition of banded iron formations 
began to slow down. There was less and less dissolved iron in the oceans. 
The rate at which iron was resupplied to the oceans had decreased. By 
1.8 billion years ago, there was very little dissolved iron in ocean water. 
The banded iron formations stopped forming altogether. 

The cyanobacteria flourished. They continued to produce oxygen. 
However, the iron was no longer there to act as a sink for oxygen in the 
oceans. Less oxygen was drawn from the atmosphere into the oceans. 
As a result, oxygen began to build up in the atmosphere. 

The change from an oxygen-poor atmosphere to an oxygen-rich 
atmosphere took place slowly. Scientists think that it took over a billion 
years. They have looked at soils in South Africa dated at 1.9 billion years. 
The soils indicate that atmospheric oxygen at the time was 15 percent 
that of the modern level. Current levels of oxygen were reached probably 
about 600 million years ago.

Along with a buildup of oxygen, came an increase in ozone levels (O3). The 
increase in oxygen and ozone had important implications for life on Earth. 
Ozone absorbs much of the UV radiation that strikes the atmosphere. It 
formed a protective layer around Earth. This made the continents a more 
hospitable area for organisms to live.
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  Figure 4 Oxygen reacted with dissolved iron in the oceans to form 
layers of iron-bearing minerals.

Checking Up
1. What are the major 

elements in the 
geosphere? 

2. What were the 
sources of iron 
in the primitive 
ocean?

3. What is a banded 
iron formation?

4. Where did banded 
iron formations 
develop?

Think About It Again 
At the beginning of this section, you were asked the following:

• What caused the rise in oxygen from almost 0 to 21 percent?  

• Where might scientists look for evidence about how the young atmosphere
formed and how it changed?

Record your ideas about these questions now. Be sure to include the role 
of banded iron formations in your answers.

Reflecting on the Section and the Challenge
In this section, you made connections between the seemingly simple chemical 
process of rusting and the banded iron formations which developed in the 
ocean more than 2.5 billion years ago. These rocks provide evidence for the 
rise of oxygen in the atmosphere. This has been attributed to the process of 
photosynthesis in Earth’s developing kingdom of plants. The interconnections 
you studied between the atmosphere, the biosphere, the oceans, and the 
geosphere will help you to seek similar connections during the development 
of other planets and moons both in the geologic past and today. Your studies 
provided insight into how evidence from one part of the Earth system can reveal 
important details about another. 
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Understanding and Applying

 1. Illustrate how banded iron formations are an example of several interactions between 
Earth’s major spheres. 

 2. When and why did banded iron formations stop forming?

 3. How can sedimentary rocks sometimes indicate two different rock-forming 
environments?

 4. What is the association between banded iron formations and greenstone belts?

 5. Why did oxygen remain at a low concentration in the atmosphere until long after 
photosynthesizing cyanobacteria were abundant on Earth?

 6. Explain the spatial distribution of the banded iron formations.

 7. Preparing for the Chapter Challenge

Revisit your timeline from the previous section. Add the events in this section to 
your outline for Earth’s physical environment and developments in the biosphere. 
Determine which of Earth’s other spheres have had important interactions during this 
period. Consider the various rates at which the processes at work operated. These have 
implications for how you might consider development of other planets and moons. 
Continue to collect and design images you will use in your script. Understanding about 
atmospheric evolution will help you to consider if the evolution of another planet or 
moon in our solar system has ever attained conditions that were suitable for life.

Inquiring Further
 1. Banded iron formations of North America

Superior-type deposits dating back 1.8 billion years ago are named from those found 
near Lake Superior in Wisconsin, Michigan, Minnesota, and Ontario. Find out more 
about these types of deposits and how they differ from other Algoma-type deposits.

 2. Industrialization and iron ore

Large-scale industrialization requires the use of iron to make steel. Find out about 
mining the banded iron formations in the United States. How is iron ore processed?

 3. The great oxygenation event

The great oxygenation event is also known as the “oxygen catastrophe.” When 
we think about the rise in free oxygen in the atmosphere, we often think of the 
evolutionary benefits to the biosphere. Why is it then that such an event could be 
considered catastrophic?
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