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Learning Outcomes
In this section, you will 

• Interpret maps and graph data from 
volcanic eruptions to understand 
the range in scale of volcanic 
eruptions.

• Measure the amount of dissolved 
gas in a carbonated beverage.

• Understand that volcanoes emit 
rock, lava, and gases, such as water 
vapor, carbon dioxide, and sulfur 
dioxide.

• Describe how volcanoes are part of 
the hydrosphere and water cycle.

• Demonstrate awareness of how 
volcanoes can affect global 
temperatures.

• Recognize that volcanoes are part 
of interactive systems on Earth.

Section 9  Volcanoes and the Atmosphere

Think About It
Following the eruption of Tambora in Indonesia in 1815, snow 
fell in New England during each of the summer months that 
year. The weather grew so cold in many parts of Earth that 
1816 became known as “The Year Without a Summer.”

• What kinds of materials are emitted during a volcanic eruption?

• Could material from a volcanic eruption affect your community?  

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

Investigate
In this Investigate, you will study what happens when volcanoes 
erupt ash and gases. 

Part A: Airborne Debris

 1. Look at the map of the 1980 eruption of Mt. St. Helens on 
the next page. It shows the pattern of fallen ash. Use the map 
to answer the following questions:

a) How many states showed at least a trace of volcanic ash?

b) In what direction did the ash move?

Section 9 Volcanoes and the Atmosphere
What Do You See?
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c) Was Canada affected by ash from 
Mt. St. Helens? Why or why not?

d) Would you consider this a small, 
medium, large, or gigantic eruption? 
Explain your choice.

 2. Make a bar graph of the data shown in 
the table below.

a) Plot the name of each volcano on the 
horizontal axis.

b) Plot the volume of volcanic 
eruption on the vertical axis. 
Arrange the volumes in order 
from least to greatest.

 3. Use your graph and the table to answer 
the following questions. Record your 
answers in your log.

a) Can you group the eruptions by size 
(small, medium, and so on)? Mark 
the groups on your plot. Explain 
how you chose the groups.

b) What group does the 1980 eruption 
of Mt. St. Helens fit into?

c) Suppose you wanted to predict the 
area that would be covered with 
ash by each eruption. What other 
information (besides volume erupted) 
would help you to predict how far 
the ash would go?

 4. The map on the following page shows 
the areas covered by five of the eruptions 
in the data table. Use the map, data table, 
and your bar graph to do the following:

a) Rank the area of eruptions in order 
from smallest to largest. Record 
your rankings.

b) Compare the areas to the volumes. 
Describe any relationships you notice.

Distribution of ash from the Mt. St. Helens eruption.

Volumes of Volcanic Eruptions

Volcano Date
Volume

(cubic kilometers)
Eyjafjallajökull, Iceland 2010 0.25

Ilopango, El Salvador 300 40

Krakatoa, Indonesia 1883 2.4

Long Valley, California
(Bishop Tuff) 740,000 years ago 500

Mazama, Oregon 4000 BCE 75

Mt. Pelée, Martinique 1902 0.5

Mt. St. Helens, Washington 1980 1.25

Nevado del Ruiz, Colombia 1985 0.025

Pinatubo, Philippines 1991 10

Santorini, Greece 1450 BCE 60

Tambora, Indonesia 1815 150

Valles, New Mexico 1.4 million years ago 300

Vesuvius, Italy 79 3

Yellowstone, Wyoming
(Lava Creek Ash) 600,000 years ago 1000

           Note: Volumes are approximate.
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c) Compare the location of each volcano 
to the path of the ash. Describe any 
patterns you notice. What might 
explain any patterns you see?

Part B: Volcanic Gases

 1. You will model the escape of gases from 
a volcano. Use a can of a carbonated 
beverage to explore the quantity of 
gas that can be dissolved in a liquid 
under pressure.

a) How many milliliters (mL) of liquid 
are in the carbonated beverage?

b) Predict how many milliliters of 
gas (carbon dioxide) a carbonated 
beverage contains. Record and 
explain your prediction.

 2. Obtain these materials: a heat source, 
a one-liter glass beaker, water, rubber 
tubing (about 50 cm), a smaller beaker 
or bottle, a plastic container, modeling 
clay, and safety goggles.

Plan your experiment carefully and in detail to 
avoid potential hazards.

 3. Devise a way to use the materials 
to capture and measure the gas that 
escapes from the carbonated beverage. 
Note: You will need to heat the 
beverage after you have opened it. To 
do this safely, put the can in a water 
bath (container of water) and heat the 
water bath.

a) Draw a picture of how you will set 
up your materials.

b) Write down the procedures you will 
follow. Include the safety precautions 
you will take.

 4. After your teacher has approved your 
design, set up your materials. Run 
your experiment.

a) Record your results.

b) How do your results compare to 
your prediction?

c) Describe anything that might have 
affected your results.

d) Describe how the gas escaping from 
the can resembles a volcano.

Map showing the distribution of ash by five 
eruptions.
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VOLCANOES AND THE ATMOSPHERE

Hazards of Volcanic Ash
In the Investigate, you explored what happens when ash and gases are 
erupted from volcanoes. Tephra is a term for pieces of volcanic rock and 
lava that are ejected into the air. It ranges from less than 0.1 mm to 
more than 1 m in diameter. Tephra is classified by size. Names for sizes 
of tephra include volcanic bombs (greater than 64 mm), lapilli (between 
2 and 64 mm), and ash (less than 2 mm). Bombs and lapilli usually 
fall to the ground on or near the volcano. Ash can travel hundreds to 
thousands of kilometers. (See Figure 1.) The height of the ash and the 
wind speed control how far the ash travels.

 Figure 1 Ballistic debris refers to volcanic bombs 
and lapilli that fall on or near the volcano. Ash 
can travel much further. 

A volcanic eruption can send ash many kilometers into the atmosphere. 
Ash from the 1980 eruption of Mt. St. Helens reached a height of 
19 km. Winds carried the ash to the east. Five days after the eruption, 
instruments in New England detected ash. An eruption at Yellowstone 
2 million years ago produced 1000 times as much ash. One meter of ash 
covered an area of 1000 km2. Ten centimeters of ash covered an area of 
10,000 km2. You could look at it this way: If the ash from Mt. St. Helens 
filled a shoebox, the ash from Yellowstone would fill a bedroom to a 
depth of a meter.

Volcanic ash presents many kinds of hazards. Ash that falls on homes, 
factories, and schools can collapse roofs. More than 800 people died 
after the 1991 eruption of Pinatubo in the Philippines. Most of these 
deaths were caused by roof collapse. At ground level, fine ash causes 
breathing problems in humans and animals. It can also damage 
automobile and truck engines. Ash that coats the leaves of plants 
interferes with photosynthesis. Ashfall accumulations of only a few 
millimeters can be a significant hazard to airports. Between 1944 and 

Digging Deeper

Geo Words
tephra: a collective 
term for all the 
pyroclastic material 
ejected from 
a volcano and 
transported through 
the air. It includes 
volcanic dust, ash, 
cinders, lapilli, scoria, 
pumice, bombs, and 
blocks.

volcanic bomb: a 
blob of lava that 
was ejected while 
viscous and received 
a rounded shape 
(larger than 64 mm 
in diameter) while in 
flight.

lapilli: pyroclastics in 
the general size range 
of 2 to 64 mm.

ash: fine pyroclastic 
material (less than 
2 mm in diameter).
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Geo Words
acid rain: rain or 
other forms of 
precipitation that is 
unusually acidic.

2006, 101 airports in 28 countries were impacted 171 times by eruptions 
at 46 volcanoes. Since 1980, volcanic eruptions have affected an average 
of five airports per year. Ash injected higher into the atmosphere can also 
damage aircraft. Since 1973, more than 100 aircraft have been affected 
by volcanic ash while flying. The only death outside the immediate area 
of Mt. St. Helens occurred from the crash of a small plane that was flying 
through the ash. Ash that falls on the slopes of a volcano poses great 
risk. When soaked by rain, loose ash can form lahars. Years after the 
eruption, lahars remain a source of concern to communities at the base 
of Pinatubo.

Volcanic Gases

Gases that escape in the greatest amount from volcanoes are water 
vapor, carbon dioxide, hydrogen chloride, and nitrogen. These and 
certain other gases play an important role in the Earth system. They have 
been important over the long span of geologic time. They continue to be 
important at the present time. 

There was a lot of carbon dioxide in the atmosphere of Earth early in its 
history. However, there was no oxygen. Partway through Earth’s history, 
primitive algae appeared. They changed carbon dioxide to oxygen 
through photosynthesis. Over time, the carbon dioxide emitted by 
volcanoes was changed to oxygen. 

Carbon dioxide is more dense than air. It can sometimes collect in a low 
spot near a volcanic eruption. High concentrations of carbon dioxide are 
hazardous. It can cause people and animals to suffocate. 

Water vapor is an essential part of the Earth system. It is especially 
important for human communities, because it sustains life. When you think 
of the water cycle, do you think of volcanoes? Volcanoes release large 
amounts of water vapor. Most of Earth’s surface water seems to have been 
released from Earth’s interior by volcanoes throughout Earth’s history. 

Some volcanoes emit large amounts of sulfur dioxide gas. Sulfur dioxide 
combines with water vapor and oxygen to form sulfuric acid. The sulfuric 
acid is washed out of the atmosphere by rain. This occurs over large areas 
downwind of the eruption. Rain that contains sulfuric acid, and certain 
other acids as well, is called acid rain. It is produced not only by volcanoes 
but also by power plants that burn coal containing sulfur. Acid rain 
damages plants both on land and in lakes. 

Volcanoes and Climate Change

How do volcanoes affect climate? If the Earth system were simple, 
answering that question might be easy. Suppose that volcanic activity 
is the independent variable. This is the variable that, when changed, 
causes a change in something else. The something else is the dependent 
variable. In a simple model, climate would be the dependent variable. 
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Checking Up
1. In your own 

words, explain the 
meaning of tephra 
and how volcanic 
bombs, lapilli, 
and ash relate to 
tephra.

2. Name two factors 
that can affect 
the distance that 
volcanic ash can 
travel.

3. What gases escape 
from volcanoes?

4. Why does the 
emission of carbon 
dioxide pose a 
threat near volcanic 
eruptions?

5. How are volcanoes 
connected to the 
water cycle?

6. How is acid rain 
formed?

7. Are volcanoes the 
only source of acid 
rain?

8. Do volcanic 
eruptions increase 
or decrease the 
temperature of 
Earth? Explain your 
answer.

Temperature is an aspect of climate that can be measured. You could 
plot volcanic activity over time against temperature. You could then 
compare volcanic activity to temperature. You could use the graph to 
make inferences about the effects of eruptions on climate. 

However, the Earth system is complex. Records of climate and 
volcanic activity are imperfect. Some volcanic products should warm 
the atmosphere. These include carbon dioxide, a greenhouse gas. 
Others should cool the climate. For example, dust reduces sunlight. 
Understanding climate change is very complicated. However, evidence 
suggests that major volcanic eruptions can lower the average 
temperature of Earth’s surface by a few tenths of a degree Celsius 
for as long as a few years.

It is often thought that volcanic eruptions increase or cause rainfall 
near or downwind of the eruption. Volcanoes put dust into the air. 
Water droplets in clouds form around small dust particles. Eruptions 
can also heat the local atmosphere. This should increase convection, or 
circulation, of the atmosphere. Finally, some volcanic eruptions release 
great quantities of water vapor. Water vapor is needed to form clouds 
and rain. However, a number of studies show that an increase in rainfall 
is rare after an eruption. The major eruption of Krakatoa in 1883 did 
not increase rainfall. It occurred during the wet (monsoon) season. It 
seems that there have to be certain conditions in the atmosphere near 
a volcanic eruption for rainfall to increase just because of the eruption.

A volcanic eruption can put huge amounts of sulfur dioxide gas all the 
way into the stratosphere. (This is the upper layer of the atmosphere. 
It is above the layer where the weather occurs.) The gas then slowly 
reacts with water. It forms tiny droplets of sulfuric acid. The droplets 
are less than a thousandth of a millimeter in diameter. Unlike in the 
troposphere, these sulfur dioxide droplets are not affected by the 
water cycle. (The troposphere is the lowest layer of the atmosphere. 
This is where weather occurs.) The droplets of acid stay suspended in 
the stratosphere for as long as a few years. Large quantities of very 
fine volcanic ash particles can also reach the stratosphere during major 
volcanic eruptions. Along with the acid droplets, they reflect sunlight. 
Scientists think that this may cause the global cooling that is often 
observed for a few years after a major volcanic eruption. For example, 
following the 1815 eruption of Tambora in Indonesia, many areas in 
the United States and Canada had unusually cold summer weather.
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Section 9  Volcanoes and the Atmosphere

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

•  What kinds of materials are emitted during a volcanic eruption? 

•  Could material from a volcanic eruption affect your community?  

Record your ideas about these questions now. Consider volcanic eruptions of different 
scales in your answer.

Reflecting on the Section and the Challenge
You saw that ash from volcanic eruptions can affect a large region. You also saw that there 
is a range in the distribution of ash and volumes of volcanic eruptions. You then worked 
with a material that resembled volcanic products. When you opened the carbonated 
beverage, you lowered the pressure inside the can. This allowed carbon dioxide (the 
dissolved gas) to come out of solution. Dissolved gases emerge from Earth’s interior in 
much the same way. This section should help you develop some interesting questions about 
the effects of volcanic eruptions on the Earth system.

Understanding and Applying

 1. In your own words, compare the sizes of the areas affected by lava, pyroclastic flows, 
and ash falls.

 2. Is volcanic ash a concern only in the western United States? Explain your answer.

 3. Think about the air you are breathing. How much of it came from some 
distant volcano?

 4. If warm air rises, why would hot gases from a volcano be a threat to people in the 
valley below? (Hint: Think about volume’s effect in your work with the lava-flow lab.)
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 5. If a system consists of many parts that affect each other, how are volcanoes part of 
Earth’s systems?

 6. Preparing for the Chapter Challenge

Think about game questions you can ask about how localized volcanic eruptions can 
affect local communities across the globe. Include details about the materials emitted 
into the air by a volcano and the range in scale of volcanic eruptions. You may be 
able to come up with an Earth system question about how these materials can be 
hazardous and can change conditions within different parts of the Earth system. 

Inquiring Further
 1. Make a model of tephra transport

Build a model of a volcano. Run a tube up through the vent of the volcano. Mix a 
small amount of baby powder with some sand. Use a funnel to pour the sand mixture 
down the other end of the tube. Attach a bicycle pump to pump the sand out of the 
volcano. Use a fan or hair dryer to simulate winds. Devise a method to outline the 
distribution of material when there is no wind, weak wind, and strong wind. Compare 
how far the sand travels and how far the baby powder travels. Consider the factors of 
particle size, wind speeds, wind direction, and topography. 

 2. Cascades eruptions

Examine the figure showing the eruptions of Cascade volcanoes during the last 
4000 years.

a)  Which volcano has been most active? Which volcano has been least active? 
Explain.

b) Which three volcanoes do you think are most likely to erupt next?

c)  Visit the EarthComm Web site at http://www.agiweb.org/education/earthcomm2/ 
for a link to the USGS Cascades Volcano Observatory Web site. Find out about their 
monitoring efforts.
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