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Chapter 4  Surface Processes

Learning Outcomes
In this section, you will

• Calculate the angle of repose 
for different kinds of soils and 
other granular materials. 

• Determine if any areas in your 
community have slopes that are 
too steep for safe development. 

• Recognize the importance
of considering slopes in 
land development.

Think About It
Many people enjoy the climate and lifestyle of California. 
Unfortunately, life in California can come with risks. Landslides, 
earthquakes, and flows of debris are just a few. Landslides in 
California have resulted in numerous deaths and millions of dollars 
in property damage. To help prevent such tragedies, geologists 
study landslides and the slopes on which they occur. Changing the 
slope of the land or even the amount of vegetation on a slope can 
have very dangerous consequences.

• How does the slope of land control surface processes?

•  How might changing the slope of the land create potential 
hazards for citizens (for example, cutting through the land to 
build a road or housing project)?

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 experiment with the factors that 
result in unstable slopes. These are the kinds of slopes that can 
lead to landslides.

What Do You See?

Section 3  Slopes and Landscapes
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Part A: The Slope of a Sand Pile

Clean up spills immediately. Cover desk with 
newspaper to make cleanup easier. Wear safety 
goggles when pouring sand or other particles.

 1.  Slowly pour 500 mL of dry sand 
through a funnel onto a flat surface, 
such as your lab table, so that it makes 
a pile. 

a) Describe what happens to the sides 
of the pile as you pour the sand. 

 2. Hold a protractor upright (with the 
bottom edge held against the flat 
surface) and carefully begin to slide it 
behind the pile as shown in the diagram. 

 3. At the point where the curved upper 
edge of the protractor intersects the 
surface of the pile of sand, read the 
angle in degrees. This is the natural 
angle of the side (slope) of the pile. It 
is called the angle of repose. It is the 
steepest slope that can be formed in the 
material without slumping or sliding of 
the material down the slope. 

a) Record this angle in your Geo log.

 4. Repeat Steps 1, 2, and 3 several times.

a) Record the measurement of the angle 
of the slope each time. 

b) Do you get the same angle each time? 
Explain your answer.

c) Why is it important to take this 
measurement several times? 

 5. Repeat Steps 1, 2, and 3 using different 
amounts of sand. 

a) Record the measurement of the angle 
of the slope each time. 

b) Does the angle of the slope change? 
If so, how much? 

 6. Pour extra sand onto a pile of sand 
several times. 

a) Record the measurement of the angle 
of the slope each time. 

b) Does the angle of the slope change?

Part B: The Slope of Other Materials

 1. Obtain some or all of the following 
materials (make sure they are dry): fine 
sand, coarse sand, gravel, soil, table 
salt, granulated sugar.

a) Predict what would happen if you 
repeated the investigation in Part A 
using these materials, which have 
particles of different sizes and shapes. 
Record your prediction in your log.

 2. For each of the available materials, 
repeat the following procedures: 

•  Place a handful of the materials in 
a dry container, such as a can or 
plastic beaker. 

•  Cover the container with cardboard. 
•  Turn the container upside down onto 

a flat surface. 
•  Lift the container very slowly. A cone-

shaped pile should form. 
•  Measure the angle of the slope of 

the pile. 
•  Take three measurements for 

each material. 

Section 3  Slopes and Landscapes
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a) Record your measurements in a table 
similar to the one below. 

b) In your log, write a summary 
paragraph discussing conclusions 
you can draw from the data in your 
table. Your paragraph should address 
how particle size relates to the 
maximum slope angle the particles 
will maintain.

Wash your hands when you are done.

Part C: Characteristics of Slopes in 
Your Community

 1. Obtain a topographic map of an area in 
or around your community that shows 
a variety of different slopes. If your 
community is relatively flat, use a map 
of another area that shows both slopes 
and areas of development. 

 2. Determine the contour interval on 
your map, either from the legend or 
by identifying the spacing between 
contour lines. 

 3. Determine the scale of your map. This 
may be expressed as a ratio, such as 
1:24,000, which means one unit (of any 
measure of distance, such as inches or 

centimeters) on the map equals 24,000 
units in the real world. There may also 
be a scale bar on the map that indicates 
the relationship between map distance 
and real distance (for example, one inch 
on the map equals one kilometer in the 
real world). You will need to use a scale 
that makes it easy to measure distances 
on your map. 

 4. Convert your horizontal scale to the 
same units that are used for the contour 
interval (probably feet or meters).

 5. Choose a slope on your map and record 
the following data in a table of your 
own design.

a) Measure a specific horizontal 
distance perpendicular to the 
slope. Record the actual (not map) 
horizontal distance. 

b) Use contour lines to measure the 
change in elevation over that specific 
horizontal distance. 

c) Divide the change in elevation by 
the horizontal distance (make sure 
they are in the same units), and then 
multiply by 100. This gives you the 
percent grade of the slope. 

 6. Repeat Step 5 for several slopes on 
your map. 

a) Record all of the data in your table. 

 7. Make a second table that lists 
the location, percent grade, and 
characteristics for each slope. Some 
characteristics you could list include: 
kind(s) and density of vegetation, kind(s) 
of developments above, below, and on 
the slope, population density above, 
below, and on the slope, underlying 
geology, and surface deposits. Add any 
other characteristics that you think will 
be important when evaluating land use 
on and around slopes. 

a) Include this table in your log.
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SLOPES AND MASS MOVEMENT
Angle of Repose
In the Investigate, you explored what makes slopes unstable and stable. 
You looked at the role of gravity and different types of materials. You 
also explored slopes in your local area. Sediments are unconsolidated 
materials. They have not gone through the conversion into rocks. (The 
process by which sediments compact to solid rock is called lithification.) 
A pile of sand is unconsolidated sediment. However, sandstone is a 
rock. Mud is unconsolidated sediment. Shale is a rock. Unconsolidated 
materials cover solid rock (bedrock) in many places. This includes places 
where glaciers have been (glaciated areas), layers of soil (horizons), 
deserts, beaches, lakes, rivers, and sand dunes.

Unconsolidated materials are far less stable than rock. Solid bedrock is 
stable at almost any slope angle. Unconsolidated sediments, however, 
are stable only up to a maximum slope angle. This is shown in Figure 1.
You studied this angle in both Parts A and B of the Investigate. This 
maximum angle is called the angle of repose. If you add more sand to a 
pile of sand with sides already at the angle of repose, the extra sand just 
slides down the sides. The angle cannot become any steeper without the 
sides collapsing. In general, the angle of repose for dry, unconsolidated 
sediments ranges from 30° to 35°. The angle of repose does not vary 
much with sediment size. However, more angular (jagged) particles 
can maintain steeper slopes than more rounded particles.

Figure 1 Developers must take care not to build on slopes that exceed the 
angle of repose.

Geo Words
sediment: the solid 
fragments or particles 
that are transported 
and deposited by 
wind, water, or ice.
unconsolidated 
material: the 
sediment that is 
loosely arranged, or 
that has particles that 
are not cemented 
together, either at 
the surface or at a 
depth.
lithification: the 
conversion of 
unconsolidated 
sediment into a 
coherent, solid rock.
bedrock: the solid 
rock that is connected 
continuously down 
into Earth’s crust, 
rather than existing 
as separate pieces or 
masses surrounded 
by loose materials. 
angle of repose: the 
maximum slope or 
angle at which loose 
material remains 
stable, commonly 
ranging between 
30° and 35° on 
natural slopes.

Digging Deeper
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Mass Movement

An important factor to consider for your Chapter Challenge is the natural 
slope of the land. You must also consider the materials on and under 
these slopes as well. Sediments that were deposited by rivers or glaciers 
lie beneath many areas. Some of these deposits are sloping. In that case, 
you need to consider how stable the slope is before deciding to develop 
the area. The stability of a slope depends on a number of factors. The 
kind and amount of vegetation is an important factor. The sediment 
composition, texture, and moisture content are also important. The 
underlying geology needs to be considered as well.

Under certain conditions, slopes can be modified to allow for 
development. Figure 2 shows one modification. Notice how the slopes 
have been terraced. Retaining walls can also be used to make a slope 
more stable. Drainage channels at the top of slopes are also useful. They 
are placed so as to reduce areas where the particles that make up the 
surfaces of the slopes can be moved away or eroded.

 Figure 2 This slope has been terraced to increase its stability.
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Buildings, roads, and other
structures built on slopes 
of any angle can be 
damaged or destroyed 
when mass movement 
occurs. (See Figure 3.) 
Examples of mass 
movement include 
rockfalls, landslides, debris 
flows, debris avalanches, 
and creep. (Creep refers 
to the gradual movement
of rock and debris 
movement.) The basic 
cause of these types of 
movement is the 
downward pull of gravity. 
Part of the pull of gravity 
acts parallel to the sloping 
surface. (See Figure 4.) 
If that does not make 
sense to you at first, think 
about what happens to 
you when you stand on 
a slippery slope. Gravity 
pulls you straight down 
the slope.

This same downslope pull acts on the 
materials that lie under a sloping land 
surface as well. Under certain conditions, 
the downslope pull of gravity overcomes 
the strength of the material. The 
material moves downslope. This 
movement varies enormously in speed. 
It can be so slow you cannot see it 
happening. It can be as fast as tens 
of meters per second. The movement 
also varies in volume of material. The 
amount of material can range from 
single-sediment particles to cubic 
kilometers of material. Adding water 
to the soil or sediment increases its 
weight. Also, water reduces the friction 
between the grains. This allows the 
grains to slide past one another more 
easily. Both of these factors increase 
the chance of mass movement.

Geo Words
mass movement: the 
downslope movement 
of soil, sediment, or 
rock at Earth’s surface 
by the pull of gravity.

Figure 3 A small seaside community north of Santa 
Barbara, California felt the effects of mass movement. 
The slide of an unstable hill slope destroyed several 
homes and resulted in an evacuation of the area.

Figure 4 Gravity acts to pull an 
object toward the center of Earth. 
This force can be shown using a 
parallel part and a normal part. 
The greater the slope angle, the 
larger the force pulling the object 
parallel to the slope.
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In cold regions, cycles of freezing and thawing can cause mass movements. 
As the water in soil or sediment freezes, it expands. The grains are lifted 
parallel to the slope. When the ice melts, the grains settle parallel to the 
slope. Then they slide downhill because of the pull of gravity. Often, the 
water helps to reduce the friction.

In areas where the ground freezes in the winter to a depth of several feet, 
the top layers of soil are loosened during spring thaw. At the same time, 
the bottom layers remain frozen and solid. The water-saturated upper 
layers then slide downhill. In areas where freeze-thaw cycles are frequent, 
building foundations and pipes carrying gas, water, or sewage must be 
placed below the freezing zone. (That is about a meter [3–4 ft] deep in 
northern states.) This helps to prevent damage from surface slides.

Vegetation can help to stabilize slopes. Trees, shrubs, bushes, and grasses 
can help to keep soil layers intact, depending on the depth of the roots. 
Most vegetated areas, however, are still subject to landslides if they 
become saturated with water.

You can tell how steep slopes are by using topographic maps. The maps 
use contour lines to show the elevation of the land. The standard to which 
all elevations are compared is average sea level. A contour line represents 
equal elevations, or heights, above sea level. Therefore, a 10-ft contour 
line connects all the points in a region that are 10 ft above sea level. There 
is a basic rule for drawing contour lines. Contour lines can never cross, 
because two elevations cannot exist at the same location. The spacing 
of the contour lines is a measure of the steepness of the land. The closer 
together the contour lines are, the steeper the slope they represent. A 
region showing great variation in elevation is referred to as having high 
relief. A region showing relatively little variation is referred to as having 
low relief.

When you work with a slope on a topographic map, use the contour 
lines to measure the steepness of the slope. The steepness is how much 
the land rises over a particular horizontal distance. Use the scale on the 
map to figure out the horizontal distance from one point on the slope 
to another point, measured perpendicular to the contour lines. Convert 
so that both the vertical change (the change in elevation) and the 
horizontal distance are expressed in the same units. The units are usually 
in feet or miles, or in meters or kilometers. Divide the vertical change by 
the horizontal distance. Then multiply by 100, to get what is called the 
percent grade.

Checking Up
1. What is the 

relationship 
between particle 
size and the 
angle of repose? 
Between the 
jaggedness of 
particles and the 
angle of repose? 

2. Describe two ways 
in which slopes can 
be stabilized. 

3. Describe three 
human activities 
that may make 
slopes unstable.

Geo Words
freeze-thaw cycles: 
frequent temperature 
fluctuations around 
0°C that cause the 
expansion and 
contraction of water 
within soil pores 
or cracks in rocks 
resulting in an overall 
loss of strength.

relief: the general 
difference in 
elevation of the land 
from place to place in 
some region.

percent grade: the 
ratio of the vertical 
and horizontal 
distance covered 
by a given slope, 
multiplied by 100.
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Think About It Again
At the beginning of this section, you were asked the following:

• How does the slope of land control surface processes?

•  How might changing the slope of the land create potential hazards for citizens (for 
example, cutting through the land to build a road or housing project)?

Record your ideas about these questions now. Apply what you learned from your slope 
models to help you revisit these questions.

Reflecting on the Section and the Challenge
In this section, you explored how gravity and particle size affect how stable a slope is. 
You read that materials of a certain grain size will pile up to a maximum slope angle. You 
also read that you can calculate slope and percent grade from a topographic map. You 
can classify slopes on the basis of the physical characteristics you see on maps. Slopes are 
important landforms for the movement of sediments toward rivers and eventually to lower 
elevations. Studying slopes in lowland and upland regions will be important as you work 
on your Chapter Challenge.
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Understanding and Applying

 1. Compare the slopes of mountainous regions with those of lowland drainage basins.

 2. Which rock types are most prone to forming unstable slopes? 

 3. The development of roads and buildings typically involves moving and shaping the 
land. What basic guidelines should be followed when cutting a slope or piling loose 
material and creating a slope? 

 4. Why would a developer be motivated to build on a potentially unstable slope? In your 
opinion, what advantages would outweigh the dangers? 

 5. Specifically describe how slopes might have influenced your community’s growth over 
the last:

a) 5 years          b)  20 years          c)  50 years 

 6. Consider other communities you have visited or researched where slope influences 
development. 

a) Describe a community where slopes have limited development. 

b) Describe a community where slopes have been helpful for development.

 7. Preparing for the Chapter Challenge

Write a short paragraph answering each of the following questions: 

a) What are the characteristics of slopes that shed the most materials?

b) Where are these slopes found?

c)  Which slopes in your community cannot be safely developed? What evidence 
supports your answer?

d)  Which developments in your community might be at risk from mass movements? 
What would have to happen for these risks to be minimized?

Apply these ideas to the assessment of slopes in your Florida and Alaska Olympic 
Games sites.

Inquiring Further
 1. Effect of water on mass movement 

Repeat Part B of the Investigate using materials that have water added to them and see 
if your results change. 

•  What do your results lead you to believe regarding slopes without vegetation during 
times of heavy rain? 

•  What practices during times of heavy construction in a community does the 
information support? 
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 2. Slope-risk map of your community 

Compile slope information onto a risk map for your community using the traffic light 
colors of green = safe, yellow = proceed with caution, red = stop; do not proceed. 
Include a key that classifies what type of development may be of concern in each area. 

 3. Underlying materials in your community 

Determine what kinds of materials underlie different parts of your community by 
consulting geologic maps, local developers, and/or town officials. 
• Does your community lie on unconsolidated sediment or relatively solid bedrock? 
•  If you found areas of unconsolidated sediment, are the sediments naturally occurring 

or were they deposited by human activity? 
• Is building on bedrock always safer than building on sediment? Explain your answer. 
•  In your own words, describe how the distribution of underlying materials has shaped 

your community’s building patterns. 

 4. Famous catastrophic mass movements 

Go to the EarthComm Web 
site at http://www.agiweb
.org/education/earthcomm2/ 
to investigate famous 
examples of catastrophic 
mass movements that have 
affected communities. 
Conduct research on these 
mass movements. Answer the 
following questions. 
• What happened? 
•  How did the mass 

movement affect the 
community? 

•  What factors led to the 
mass movement? 

•  How might the event have 
been avoided? 

•  What lessons were learned 
from the event?
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