
EarthComm
148

Chapter 2  Plate Tectonics

Learning Outcomes 
In this section, you will 

• Determine the direction and 
rate of movement of plates, 
using data from the Global 
Positioning System.

• Recognize that the rate and 
direction of plate motion is not 
necessarily constant. 

Think About It 
Think about motion. How can you tell if something is moving? The 
motion of anything (you, a vehicle, a lithospheric plate, or the Milky 
Way Galaxy) has to be described in relation to something else. 

•  How can you locate your position on Earth’s surface? 

•  How would you be able to find out whether your position on 
Earth has moved?

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

Investigate
In this Investigate, you will use Global Positioning System (GPS) 
data to discover how the lithospheric plates move. The GPS uses 
a number of satellites that work together to transmit information 
that can determine an object’s location, speed, and direction at a 
given time.

Section 2 Earth’s Moving Lithospheric Plates
What Do You See?

EC_Natl_SE_C2.indd   148 7/12/11   1:28:03 PM



EarthComm
149

Section 2  Earth’s Moving Lithospheric Plates

 1. Data from GPS satellites will help you 
find out if the positions of plates have 
changed over time. The following map 
shows measurements of movements at 
GPS recording stations in North America. 
Each station has a four-character symbol. 
Arrows show the rate and direction of 
motion of Earth’s surface at that station. 
Longer arrows indicate faster motion 
than shorter arrows. The motions shown 
are relative to the GPS frame of reference, 
which you can think of as being 
“attached” to Earth’s axis of rotation. 

a) Find the WES2 station (in the 
northeastern United States). How do 
you know that the WES2 station has 
moved over time?

b) In what compass direction is WES2 
station moving? Be specific.

c) The arrow in the lower-right corner of 
the map is a scale. It shows the length 
of a 20 mm/yr arrow. Is the WES2 
station moving more than or less than 
20 mm/yr? Explain your answer. 

d) Are all stations on the map moving 
at the same speed? Explain 
your answer. 

e) Are all stations on the map moving 
in the same direction? Explain 
your answer. 

f) What is the general or average 
direction of movement of 
North America?

Measurements of movements at GPS recording stations in North America.
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 2. A series of measurements of the location 
and elevation of a GPS station over time 
is called a GPS time series. The graphs 
below show the GPS time series for the 
WES2 station. The solid sloping lines 
on the three graphs are the “best-fit” 
lines through the data points. Use the 
map and the time series to answer the 
following questions:

a) How many years of data does the 
time series show? 

b) Were measurements recorded 
continuously or only at certain 
times? Explain your answer.

The location and elevation of GPS station WES2 over 
time. The vertical lines above and below each point 
are called “error bars.” They show the uncertainty in 
the measurement. They tell you that the real value 
might lie anywhere within the error bar.

 3. The top graph shows movement of the 
station to the north or south. Northward 
movement is indicated by positive values 
and southward movement is indicated 
by negative values. Find the calculation 
above the top graph. How many 
millimeters per year did WES2 move? 
Convert this value to centimeters per 
year. In which direction did it move?

a) Record the rate (in cm/yr) and the 
direction of motion in your log.

 4. The middle graph shows movement to 
the east or west. Eastward movement 
is indicated by positive values and 
westward movement is indicated by 
negative values. Find the calculation 
above the middle graph. How many 
millimeters per year did WES2 move? 
Convert this value to centimeters per 
year. In which direction did it move?

a) Record the rate (in cm/yr) and the 
direction of motion in your log.

 5. The bottom graph shows the movement 
up or down.

a) Has the WES2 station always stayed 
at the same elevation? Explain.

 6. Look at the speed and direction of 
motion of WES2 shown in the graphs.

a) Do the speed and direction of motion 
of WES2 shown in the graphs match 
the direction and length of the arrow 
shown on the map?

 7. Look at the “best-fit” line in the top 
and middle graphs.

a) Did the WES2 station move at a 
constant speed since 1996? Explain 
your answer. 

b) What additional data would you need 
to decide whether the differences 
between the measured data points 
and the best-fit straight line are due to 
the overall motion of the plate or are 
caused by processes in the local area 
around the WES2 station?
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Section 2  Earth’s Moving Lithospheric Plates

MEASURING THE MOTION OF 
LITHOSPHERIC PLATES 
Types of Crust 
Did you notice that Earth’s moving plates carry parts of continents and 
parts of oceans? As you read in Section 1, there are two kinds of crust: 
continental and oceanic. Continental crust forms Earth’s continents. It 
is generally 30–50 km thick and most of it is very old. Some continental 
crust has been dated as 4 billion years old. The geologic structure of the 
continental crust is generally very complicated, as you will learn later. In 
contrast, the oceanic crust is only 5–10 km thick and it is young in terms 
of geologic time. All of the oceanic crust on Earth is younger than about 
200 million years old.

     Figure 1 A schematic cross section through the outer part of Earth. 

Learning Through Technology

To use online resources to 
learn more about how 
scientists use GPS to 
track plate movement, 

go to the EarthComm Web site at 
http://www.agiweb.org/education/
earthcomm2/.

Digging Deeper
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Checking Up
1. What does the 

abbreviation “GPS” 
stand for? 

2. From where does a 
GPS receiver get its 
signal? 

3. Why are GPS data 
not enough to 
confirm that Earth’s 
surface has been 
moving for many 
years?

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

• How can you locate your position on Earth’s surface? 

• How would you be able to find out whether your position on Earth 
has moved?

Record your ideas about these questions now. Include the use of GPS 
technology as part of your answer.

Measuring Plate Motions With GPS 
The Global Positioning System (GPS) consists of 24 satellites. These 
satellites orbit Earth at a height of 20,200 km. Receivers at stations on 
Earth use the signals from satellites to calculate the location of the station. 
An example of a station is WES2 in Westport, Massachusetts. Geologists 
have set up a network of targets all over the world. They use the targets 
in order to monitor the movement of lithospheric plates. Steel spikes 
pounded into the ground make up the targets. The spikes are located in 
solid rock. A high-precision GPS receiver is then mounted on a tripod. It 
is positioned directly above the target, as shown in Figure 2. The targets 
are revisited over a period of months or years. The receiver measures the 
distance to four or more GPS satellites. The receiver then uses stored data 
on satellite locations to compute the location of the target. Changes in 
horizontal and vertical positions can be detected within several millimeters.

Figure 2 A GPS receiver is used to measure changes in the elevation of 
this volcano.

GPS data collected at stations all over the world confirm that the surface 
of Earth is moving. However, GPS time series data do not go back very far. 
GPS is a new technology and a global network of GPS stations has only 
existed since 1993. How do scientists know that the surface of Earth has 
been moving for a longer period of time? The answer to this question 
comes from the study of rocks.

Geo Words
Global Positioning 
System (GPS): a 
satellite-based system 
for accurate location 
of points on Earth.
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Section 2  Earth’s Moving Lithospheric Plates

Reflecting on the Section and the Challenge 
You learned that when you use GPS data collected over time, you can find the speed and 
direction of movement of your plate. We are all riding on pieces of Earth’s lithosphere. 
What questions can you develop for your game that will help the players understand the 
relationship between plate movement and volcanoes and earthquakes? 

Understanding and Applying

 1. Describe the direction and the rate of motion for movement of the plate on which 
you live.

 2. Examine the scale of the United States Geological Survey (USGS) topographic map 
of your community. Given the rate of plate motion in your community, estimate 
the number of years it would take for a change in the location of your school to be 
detected on the topographic map. 

 3. How does GPS provide evidence that the surface of Earth moves over time? 

 4. What evidence examined in this section suggests that the direction and rate of motion 
of plates is not constant?

 5. Preparing for the Chapter Challenge 

What questions can you ask about the structure of the crust beneath you? How is 
your community moving as part of the movement of a much larger segment of Earth’s 
lithosphere? What is the evidence for your ideas?

Inquiring Further
 1. Technology used to detect plate motions 

Explore how GPS allows plate movement to be measured. Excellent Web sites
that describe how GPS works can be found on the EarthComm Web site at 
http://www.agiweb.org/education/earthcomm2/. 

 2. Investigating scales of motion 

Plate motion is extremely slow. Make a list of other things you know about (or have 
heard about) that move or take place slowly. Possible examples include growth of 
fingernails, grass growth, tree growth, tree-trunk diameter growth, and so on. 
Find out how fast they move. Compare the rate of these motions to the rate of 
movements of plates.
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