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Activity Overview
Students learn where volcanoes occur by studying the United States Geological Survey
map of the global distribution of historically active volcanoes. Students become
familiar with the map key and scale. They locate the eruptions that are closest to their
community and search for and describe global patterns of eruptions. Students read
about the general geologic settings of volcanic eruptions. Students learn that most
volcanism occurs beneath the ocean, that there are many volcanoes in the 
western states, mainly Washington and Oregon, and that volcanoes are also found in
the Caribbean, southern Mexico, and Central America. Content reading explains the
relationships between plate tectonics and the distribution of volcanoes that students
explore in the activity. This provides a concise summary of the important points made
on the USGS map. 

Preparation and Materials Needed
The answers to some questions in the activity depend upon where you live. Thus, you
should probably complete the activity yourself prior to using it in your class. This will
allow you to make “answer keys” for discussing and evaluating student work. You
will also become familiar with the challenges that students will face. 

Have a copy of the USGS map for each group. Laminate the maps so that they last
longer. The USGS map is large and cumbersome. Depending upon the space in your
classroom and the number of maps you have available, it might make sense to have
larger groups than usual for students to work in for this activity. 

Give each student a copy of the Blackline Master of a blank world map on which to
draw the distribution of volcanoes. Have extra copies available so students can revise
their work for their Chapter Report. Provide colored pencils or crayons to highlight
volcanic areas on the world map. 

Have meter sticks available. Students can line up two meter sticks on the map 
(one for latitude and one for longitude) to pinpoint the coordinates more easily. 

Materials

• U.S. Geological Survey Map This Dynamic Planet*

• Metric ruler (30 cm)

• Colored pencil or crayon

• Copy of blank world map (Mercator projection) — see the Blackline Master 
Volcanoes 1.1

*Visit the EarthComm web site to find out how to download an Acrobat™ Reader file
(pdf) of this map.
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Think about It
Student Conceptions
Students who think that the entire interior of the Earth is molten may think that 
volcanoes can form anywhere on Earth (so long as there is a conduit for magma to
rise through). Some students will know that most volcanoes occur at plate boundaries
or the “Ring of Fire.” Students are less likely to know or understand how a volcano
can form in the middle of a plate (hot-spot volcanism).

Answer for the Teacher Only
Volcanoes form only in places where mantle material is rising. Since mantle material is
not rising everywhere on Earth, volcanoes cannot form anywhere on Earth. Volcanoes
form in one of two settings—over a region of upwelling mantle rock (hot spot) and at
plate boundaries where lithospheric plates converge or diverge. 
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Assessment Tool

Think about It Evaluation Sheet
Think about It Evaluation Sheet will help students to understand and internalize
basic expectations for the warm-up activity. 

Investigate Notebook Entry-Evaluation Sheet
The Investigate Notebook Entry-Evaluation Sheet is designed to help students get
a sense of the expectations for EarthComm notebook entries. You might wish to
review the criteria if this is the first time that your students use the sheet. 

EarthComm Notebook Entry-Checklist 
The EarthComm Notebook Entry-Checklist provides a quick summary of
important processes, concepts, and skills that you might wish to assess during and
after an investigation. You can add further criteria specific to your classroom
needs, or for a particular investigation. The checklist provides a quick guide for
student self-assessment and also provides you with an opportunity to quickly score
student work.



Blackline Master Volcanoes 1.1
Blank World Map
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Investigate
1. a) The image would be more distorted near the poles and less distorted near 

the Equator.

b) The east–west line at the north end of the continent would be longer on the 
cylinder map than the east–west line drawn near the southern end.

c) The north–south line drawn at the northern end of the continent would be
longer than the one drawn at the southern end.

d) A continent centered on the North Pole would project onto the map as a band
that stretches all the way across the northern edge of the map. The interior of
the continent, closest to the North Pole, would not show up on the map.
Antarctica, in the Southern Hemisphere, is a good example of this effect.

e) The part of the map nearest the Equator (where the cylinder map touches the
globe) shows the least distortion.

Assessment Tool

Investigate Notebook Entry-Evaluation Sheet
The Investigate Notebook Entry-Evaluation Sheet is designed to help students get 
a sense of the expectations for EarthComm notebook entries. You might wish to
review the criteria if this is the first time that your students use the sheet. 

EarthComm Notebook Entry-Checklist
The EarthComm Notebook Entry-Checklist provides a quick summary of
important processes, concepts, and skills that you might wish to assess during and
after an investigation. You can add further criteria specific to your classroom needs
or a particular investigation. The checklist provides a quick guide for student self-
assessment and also provides you with an opportunity to quickly score student
work.
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2. a) Solid triangles represent volcanoes that erupted between AD 1900 and 1993.
Bold open triangles represent volcanoes that erupted between AD 0 and 1900.
Thin open triangles represent volcanoes that erupted between 10,000 BC and
0, or AD volcanoes of uncertain age. Small triangles represent uncertain 
volcanic activity 10,000 BC to the present and fumarolic activity 
(evidence of volcanic gas emissions).

b) Solid red lines represent spreading centers where most of the world’s 
volcanism takes place.

c) One centimeter on the map covers less distance toward the poles than it does
at the Equator.

d) The map does not cover the entire Earth. It stops at about 72° north latitude
and 70° south latitude. 

3. a) Answers will vary depending upon the location of your community. Urge 
students to be as accurate as possible and to check their results within 
their groups.

b) Answers will vary. Differences of opinion that stem from interpretations or
measurements are best resolved by demonstrating to others in a group how 
a measurement was made.

4. a) through c)

5. a) Most volcanoes occur along linear trends. This is very evident along spreading
boundaries at the ocean floor, but it is also evident along the western edges of
North and South America, the Aleutian Islands, and the western Pacific Ocean.
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Teaching Tip

If you are concerned about the amount of time needed to complete the activity,
limit the number of volcanoes students locate in Step 3 to one volcano per type of
triangle (a total of four volcanoes). 



b) No, the map shows only volcanoes that have erupted since 10,000 BC. 

c) No, the map does not show volcanic activity or volcanoes that have formed
after 1993.

d) Yes, volcanoes occur along the red line in several places, including 
New Zealand and Iceland. 

e) The map provides no information about the size of potential danger of the
volcanoes. It simply lists volcanic activity by age.

f) Answers will vary according to location, but they should be accompanied 
by evidence (rather than personal beliefs) about the likelihood of volcanoes.
Students should provide reasons for their answers.

g) There are several limitations. The map does not cover the entire Earth. It does
not show volcanoes older than 10,000 years (an older volcano may be close 
to the community, yet not appear on the map). It does not show volcanoes
that have formed after 1993. It also does not show where magma is located
beneath the surface. Where volcanoes are crowded together, it can be difficult
to interpret the symbol. 

Reflecting on the Activity and the Challenge
This text helps students to reflect on the main point of the activity, and how the 
activity relates to the Chapter Challenge. Students might feel comfortable making 
a decision about the location that is safest from the threat of volcanic eruptions.
However, if they consider the limitations of the data they have reviewed so far, they
should have some reservations about making a strong recommendation at this time.
This idea (reserving judgment for a more thorough examination of the available 
evidence, and being skeptical about the evidence they have examined) will likely be
new to many students. It is very likely that past experience in science classes typically
led them to distinct and clearly recognizable outcomes from investigations. Science
rarely works this way. Often, inquiry leads to new questions. Students, like scientists,
need to remain open-minded, yet skeptical of experimental or investigative results.
Reinforce this important point about the nature of science when discussing the 
outcomes of the investigation. Questions at the end of this activity will further 
reinforce these ideas.
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Digging Deeper
Assign the reading for homework. The questions in Check Your Understanding on
page 13 can be provided as a homework assignment. 

Teacher Commentary  
©

 I
t’s

 A
bo

ut
 T

im
e

25

C
ha

p
te

r 
1

Integrated Coordinated Science for the 21st Century

Activity 1  

Assessment Opportunity

The questions in Check Your Understanding can be reworded or restructured for
a brief quiz. Use the quiz (or a class discussion about the questions in the
textbook) to assess your students’ understanding of the main ideas in the reading
and the activity.

Provide students with a copy of Blackline Master 1.2, Cross Section Through a 
Mid-Ocean Ridge. Ask them to label the diagram to explain the formation of a
mid-ocean ridge.

Assessment Tool

Check Your Understanding Notebook Entry–Evaluation Sheet
This evaluation sheet is used to help you evaluate the extent to which students
understand the key concepts explored in the activity and explained in the Digging
Deeper reading section. 



Blackline Master Volcanoes 1.2
Cross Section Through a Mid-Ocean Ridge
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Check Your Understanding
1. Scientists noted a mid-ocean ridge made of volcanic rock, and have observed the

volcanoes using deep-sea submersibles. 

2. The Ring of Fire is a pattern of volcanoes that form around the margins of the
Pacific Ocean where plates slide down beneath the continents. 

3. Most volcanoes on land form at the edges of continents and in island chains along
the edges of the Pacific Ocean’s Ring of Fire. Volcanoes also occur on land in rift
valleys and at hot spots.

4. Rift valleys form where two parts of a plate move apart from one another. When
the plate is stretched, it breaks. The main break opens up to form a rift valley.

5. Hot spots are stationary sources of rising magma from beneath a plate. As the
plate moves over the hot spot, a string of volcanoes is formed. A famous hot spot
is the Hawaiian Islands, where a hot spot created a chain of volcanoes in the
Pacific Ocean.

6. The horizontal scale increases with latitude in that one centimeter on the map
equals a greater distance on Earth at higher latitudes than it does at lower
latitudes. This results from the Mercator projection, which distorts the map more
and more toward the poles. Looking down at the North Pole on a globe reveals
that lines of longitude converge at the poles. On the Mercator projection, however,
the lines of longitude are equally spaced from the Equator to the poles.
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Teaching Tip

You may wish to have students consult the EarthComm web site on a periodic
basis and plot the locations of current volcanic activity on a classroom-wall copy
of the USGS map This Dynamic Planet using pushpins or colored stickers.



Understanding and Applying What You Have Learned
1. Triangles are sometimes crowded together, which makes them difficult to locate.

The map projection makes it difficult to make accurate estimates of distances that
do not fall along lines of latitude. 

2. Most volcanoes occur along spreading boundaries between lithospheric plates. 
As indicated by the map on page 11, most spreading boundaries occur in the
ocean. (Alternate acceptable response is that most volcanoes occur beneath the
ocean, as shown by the red lines that depict spreading plate boundaries.)

3. Although students were not asked to quantify the number of volcanoes at either
boundary, they should notice that there are more volcanoes on land where 
plates collide.

4. a) In the continental United States, most volcanoes occur where one lithospheric
plate slides beneath another.

b) In the Aleutian Islands and southern Alaska, most volcanoes occur where one
lithospheric plate slides beneath another.

c) The Hawaiian Islands are caused by hot-spot volcanism.

5. Washington, Oregon, California, Alaska, and Hawaii have the greatest number of
volcanoes that have been historically active. Therefore, they may be most likely to
experience the next eruption.

6. Four-fifths of all volcanic eruptions that occur on land in any given year occur at
colliding plate boundaries. The Ring of Fire is a region of colliding plates, so 
48 volcanoes would be expected to erupt (60 volcanoes x 4/5). 

7. The Mercator projection used for the USGS map does not show any part of the
Earth’s surface north or south of about 70° latitude. Therefore, it does not show
any volcanoes near the poles.

8. This question is not easily answered without counting the volcanoes. There is more
land in the northern hemisphere, but there are many volcanoes in South America. 

Preparing for the Chapter Challenge
This section gives students an opportunity to apply what they have learned to the
Chapter Challenge. They can work on this as a homework assignment, or during class
time within groups. 
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Teaching Tip

You may wish to put a copy of the USGS map This Dynamic Planet on your 
classroom wall for students to consult while working on some of the
Understanding and Applying questions. 
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Assessment Rubric for Volcanoes Activity One:
Preparing for the Chapter Challenge

Item and Value Missing Incomplete/ Complete/
Inaccurate Accurate

Essay
Explains the map they have made.
Notes the locations of volcanoes closest 
to their community.
Explains where most volcanoes occur in 
the United States.
Notes regions in the United States where 
volcanoes have not occurred lately.
Map
Shows thick lines where volcanoes occur 
along a linear pattern.
Shows thin lines for the volcanism at 
spreading plate boundaries (mid-ocean 
ridge system).
Outlines regions where volcanoes are less 
concentrated.
Map includes a key or legend.

Subtotals

Total Score

Assessment Opportunity

When preparing for the Chapter Challenge, students write an essay that explains 
the map they have constructed. The instructions provide clear criteria for what the
essay should contain. The following sample rubric can be used or adapted as a
basis for assessing student work. You should consider handing out the rubric prior
to assigning the work.



Inquiring Further
1. Eruptions near your community
The EarthComm web site, www.agiweb.org/earthcomm, will direct students to the
portion of the Volcano World web site that lists hundreds of historically active 
volcanoes. Data on the relevant Volcano World web page are broken down by 
country and state, but the USGS map does not show names or boundaries of states 
or countries. Thus, students will need to consult a map of the United States or North
America that shows latitude and longitude (a wall map will work). Students should
obtain the coordinates from their data table (from the investigation), identify the state
or country, search the Volcano World web site by state or country, and then confirm
the coordinates and volcano name. Once they have identified the volcano, they can
move through the Volcano World web site to do further research.

2. Volcanoes and the water on Earth (the hydrosphere)
Research to find answers to the following questions:
• How do volcanoes at mid-ocean ridges affect the temperature of seawater? 
In the immediate vicinity of a submarine volcano, the seawater is strongly heated, but
in the context of the entire ocean, this effect is small. The temperature of the oceans
is controlled almost entirely by the formation and sinking of cold water at the surface
at high latitudes, and by heating of the water at the surface at low latitudes.

• How do volcanoes change the chemistry of seawater? 
Hot springs at mid-ocean ridges release enormous quantities of dissolved material,
derived from cooling magma, into the oceans. The overall circulation of the oceans
then disperses these dissolved materials throughout the world’s oceans.

• How does seawater affect the composition of volcanic rock that is formed at the
mid-ocean ridge?

As the lava is emitted from the volcanic vent, it is chilled by the cold seawater, and it
crusts over rapidly. As it oozes out from cracks and fissures, it tends to form crusted
blobs, which break off and fall to the sea floor. These are called pillows. Pillow lavas
are considered to be excellent evidence of underwater volcanic activity.

• Would volcanoes affect a small body of seawater, such as the Red Sea, the same
way as a large ocean like the Atlantic? 

In the same way, but more strongly, because of the smaller volume of water that 
is affected.

• Can a change in the volume of volcanic rock formed at mid-ocean ridges change 
sea level?

It might seem that an increase in the volume of volcanic rock would add to the
volume of the mid-ocean ridges and that this would raise sea level. This effect is
offset, however, by a decrease in the volume of material beneath the ridge, which
would tend to lower the ridge. A different, and indirect, effect would be more
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important: at times of increased mid-ocean-ridge volcanism, the temperature of the
rocks in and beneath the mid-ocean ridges increases, and the thermal expansion of the
entire mass of rocks means higher mid-ocean ridges. The higher ridges cause a rise in
sea level. By this effect, sea level has varied by as much as hundreds of meters through
geologic time.

These are questions for further research that will help students to develop a better
understanding of the interactions between volcanoes and the hydrosphere. 
Direct students to the EarthComm web site to help them get started with their
research.
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Teaching Tip

Inquiring Further Question 2 provides a unique opportunity to push students to
think in terms of Earth systems. Encourage students to make and explain these
Earth systems connections in their responses. If you know that your students will
have difficulty gaining access to the Internet, visit the EarthComm web site and
download and print relevant resource material for students to consult. Consider
developing and organizing collections of such resources within your classroom to
promote student research. Students can sign out the material for further research
at home and return the material to your classroom. 


