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Chapter 4  Surface Processes

Learning Outcomes
In this section, you will

• Describe and classify sediments 
according to particle size and 
shape.

• Describe what happens to 
sediments composed of 
different rock types as they 
are transported in streams.

• Identify the relationship 
between stream velocity 
and particle size.

• Identify the relationship 
between transport distance 
and particle size.

Think About It
Moving water can have amazing force. For example, rocks the 
size of automobiles can be carried in streams during floods. 

•  What can you learn about a stream by looking at the materials 
in the streambed? 

• How do streams change the material they carry? 

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 examine a model that shows how 
sediments are formed from larger rocks. You will also explore 
the differences between sediments of various sizes.

Part A: Modeling the Breakdown of Sediment

 1. Obtain three or four small pieces of gypsum and three or four 
small pieces of shale. Determine the total mass of the gypsum 
and the total mass of the shale. 

a) Record these masses. 

Section 6 Sediments in Streams
What Do You See?
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 2. You will need to be able to record 
the following measurements for each 
piece of gypsum and shale: roundness, 
length (a-axis), width (b-axis), thickness 
(c-axis), the ratio b/a, the ratio c/b, 
and shape. 
a) Make a table in your Geo log in 

which you will display this data.  

 3. Determine the roundness of each 
piece according to the Roundness 
table shown below. 

a) Record the data in your table.

 4. Determine the shape of each piece, 
recording all of the data in your table. 
Place each piece on a flat surface so 
that the longest axis is approximately 
horizontal. (Refer to the following 
Particle Shape Graph on the next page.) 

a) Measure and record the longest axis. 
This is the a-axis. 

b) Measure and record the horizontal 
axis that is perpendicular to the 
a-axis. This is the b-axis. 

c) Now measure and record the vertical 
axis that is perpendicular to the first 
two axes. This is the c-axis. 

d) Compute and record the ratios b/a 
and c/b. 

e) Using these ratios, plot the location 
of each piece on a particle shape 
graph with the ratio b/a on the 
vertical axis and the ratio c/b on the 
horizontal axis. Use the graph on the 
next page as a guide.
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 5. Place the 6 to 8 samples in a 950-mL 
plastic bottle that is filled halfway with 
water. Cap the bottle and shake it for 
5 minutes. 

Dry the outside of the bottle before shaking so
it is not slippery.  

 6. Carefully strain the water through a 
screen. Avoid spills. Place the material 
that remains on the screen on a paper 
towel. Dry the rock samples and find 
the total mass of the gypsum and the 
shale as you did before. 

a) Record the mass. 

b) Determine the roundness of the 
particles. Record this in your table. 

c) Measure the a-, b-, and c-axes again. 
Record each measurement. 

d) Compute and record the ratios b/a 
and c/b. Use these ratios to plot the 
location of each piece on a new piece 
of particle shape graph paper.

 7. Put the pieces back into the container, 
add water as before, cap the bottle and 
shake the mixture for 5 more minutes. 

 8. Repeat Step 6. 

 9. Describe what you saw each time
you emptied the container and 
analyzed the pieces. Consider the 
following questions:

a) How did the mass, roundness, and 
shape change? 

b) What differences did you notice 
between the changes in gypsum 
versus the changes in shale? 

c) What type of material did you collect 
when you sieved the water? 

Wash your hands after each part of the 
investigation.  
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Part B: Analyzing Stream Sediments

 1. Obtain 5–10 pieces of coarse sediment 
(at least a few centimeters in diameter) 
collected from a local river by 
your teacher. 

a) Describe the characteristics of 
the pieces. Identify the rock 
types, if possible. 

 2. Make a table in your Geo log in which 
you will display the following data for 
each piece: roundness, length (a-axis), 
width (b-axis), thickness (c-axis), the 
ratio b/a, the ratio c/b, and shape.  

 3. Determine the roundness of each piece 
using the Roundness table. 

a) Record the data in your table. 

 4. Determine the shape of each piece, 
recording all of the data in your table. 
Place each piece on a flat surface so 
the longest axis is approximately 
horizontal. 

a) Measure and record the a-, b-, 
and c-axes. 

b) Compute and record the ratios b/a 
and c/b. 

c) Using these ratios, plot the location 
of each piece on particle shape 
graph paper.

Part C: Measuring Sediment Sizes

 1. Obtain sediment samples from either a 
local stream or your teacher. Measure 
the mass of the sample. 

a) Record the mass. 

 2. Sieve the sediment sample using a set 
of sieves, or, if these are not available, 
a piece of plastic window screen from a 
hardware store. You have now separated 
your sample into at least two groups. 

 3. Dry the sediment. Find the mass of the 
groups and classify them by particle size 
(sand, silt, and so on). 

a) Record all of your data in a table. 

 4. You have grouped the sediments by 
particle size. Use your data to determine 
the percentages of each group of 
sediment size. Look at the largest and 
smallest particle sizes with a hand lens. 

a) Can you see any differences in 
roundness and sphericity? Write 
a short paragraph explaining 
your findings.

Part D: Using a Stream Table to 
Observe the Beginning of Sediment 
Movement in Streams

 1. Obtain two thick wooden boards as 
long as the stream table and about 
5 cm wide. Place the boards on their 
edge along the center of the stream 
table, leaving a space about 5 cm wide 
between them, to form a channel. Place 
a wooden block 5 cm wide, 8 cm long, 
and 2 cm thick between the wooden 
boards near the upstream end of the 
stream table. Refer to the photograph 
to see how to arrange the board and 
the block in the stream table. 
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 2. Place a layer of fine sand 2 cm thick 
between the boards. Level the bed of 
sand so that it is nearly flat and at the 
same level as the wooden block between 
the boards.

 3. From a water source, run a small 
stream of water onto the stream table 
just upstream of the wooden block. The 
water will flow across the surface of 
the block and down the sand bed in the 
channel. Maintain a constant flow that 
is low enough to not disturb the sand. 

 4. Measure the velocity of the water flow 
in the channel. Do this by floating 
a tiny piece of cork on the water 
surface and timing how long it takes 
to move down the channel. Divide
the downstream travel distance 
(in centimeters) by the travel time
(in seconds) to obtain the velocity in 
centimeters per second. Check the sand 
bed to make sure that no sand is being 
moved by the water flow. 

a) Record the flow velocity in your log. 

 5. Increase the water supply slightly, and 
observe the sand bed closely for any 
sand movement. Measure the velocity 
of the flow again. 

a) Record the flow velocity in your log. 

 6. Repeat Steps 4 and 5 until you notice 
that many of the sand grains are being 
moved by the flow. 

a) Record the flow velocity for which 
the sand is first moved. This is 
called the threshold velocity for 
sand movement. 

 7.  Repeat the experiment using coarse 
sand instead of fine sand in the channel. 

a) Record all your data.

Clean up all spills immediately. Wash your hands 
after the investigation.

SEDIMENTS IN STREAMS
Size Range of Sediments
In the Investigate, you explored how sediments are formed from larger 
rocks. You also looked at the sizes of different sediments. Sediments come 
in a very wide range of sizes. Geologists have officially named several 
ranges of sediment size. This helps them talk about sediments. (See the 
table of sediment sizes below.) To geologists, the words clay, silt, sand, 
and gravel mean something very definite. It is easy to measure the sizes 
of sand and gravel particles. However, it is very difficult to measure the 
sizes of silt particles, and especially clay particles.

Particle Size Classification of Sediments and Sedimentary Rocks

Sediment Particle Size

Gravel
Boulder > 256 mm Coarse

Fine

Cobble 64–256 mm
Pebble 2–64 mm
Sand 0.062–2 mm

Mud
Silt 0.0039–0.062 mm
Clay < 0.0039 mm

Digging Deeper

EC_Natl_SE_C4.indd   434 7/12/11   9:55:10 AM



EarthComm
435

Sediment particles also vary greatly in their composition. Most gravel 
particles are pieces of rock. In most streams and rivers, particles of sand 
and silt consist mainly of the mineral quartz. Quartz is abundant at 
Earth’s surface. It is very resistant to wearing away. However, depending 
on the source of the sand, several other minerals may also be common 
in sand sizes. Most clay-sized particles consist of minerals, called clay 
minerals. These exist in the form of tiny plates or flakes.

Transportation of Sediment by Streams
Sediment can be carried by streams in several ways. This is shown in 
Figure 1. Sediment can be dissolved in water and carried along invisibly 
in a stream. Fine sediment particles the size of clay and silt travel mostly 
while they are suspended in the water. They “ride” along with the 
stream. This material is called suspended load. The suspended sediment 
is held up above the streambed by the irregular motions of the water, 
called turbulence. To get a good idea of what turbulence in a stream 
looks like, watch steam or smoke coming out of a smokestack. You will 
be able to see the swirling masses of turbulent fluid, called eddies. 
On the other hand, very coarse, gravel-sized sediment particles travel 
mostly along the streambed. They move forward by sliding, rolling, and 
bouncing. This material is called bed load. Sand is moved mostly as bed 
load when the streamflow is moderate. However, when the streamflow 
is very strong, sand moves as both bed load and suspended load. 
Whether a stream carries most of its sediment in suspension or as bed 
load depends both on the size of the sediment in the stream and on the 
velocity of flow in the stream.

 Figure 1 Sediment transport by a stream.

Section 6  Sediments in Streams

Geo Words
suspended load: 
material that travels 
in a stream suspended 
in the water.

turbulence: the 
irregular motion 
of water.

eddy: a swirling mass 
of turbulent fluid.

bed load: sediment 
particles that travel 
along the streambed, 
by sliding, rolling, and 
bouncing.
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The flowing water in a stream exerts forces on sediment particles resting 
on the streambed. This happens in much the same way as a stream exerts 
forces on you when you are standing or sitting in a shallow stream. 
The sediment particles rest in little “pockets” between the particles 
underneath. Therefore, a certain force is needed to move a given particle 
from its position on the streambed. For each sediment size, a certain 
velocity of flow, called the threshold velocity, is needed to move some of 
the particles on the streambed. As you saw in Part D of the Investigate, 
stronger flows are needed to move coarse sediment than are needed to 
move fine sediment. This is shown in the graph in Figure 2. Below the 
threshold curve, no sediment is moved. Above the threshold curve, the 
flow can move at least some of the sediment. In Part D of the Investigate, 
you identified two points like this on a graph. Another way of looking at 
the graph is that there is a maximum size of sediment particle that can be 
moved by a given velocity of flow.

  Figure 2 Graph showing the relationship between stream velocity and 
maximum particle size transported.

How Streams Reduce the Sizes of Sediment Particles
Sediment particles in streams can become rounded as they bounce along 
the bottom of the stream and collide with other particles. The collisions chip 
the edges of the particles and grind them down. In general, the higher the 
flow velocity, the harder and more frequent the collisions that break down 
the sediment. Smaller particles, such as sand and silt, are commonly picked 
up and carried in suspension. These sediments can “sandblast” the larger 
sediment particles they come in contact with. In this way, large particles 
that are not in constant motion can still be worn down and rounded. Also, 
powerful collisions between pieces of gravel during floods can break or split 
the gravel into small pieces.

Geo Words
threshold velocity: the 
velocity of flow that 
is needed to move 
certain particles along 
the bed of a stream.
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Sediment particles composed of different types of rocks or minerals 
become rounded at different rates. Particles composed of softer minerals 
become rounded more rapidly than those composed of harder minerals. 
Limestone is composed of relatively soft calcite. It becomes rounded 
more quickly than quartzite. Quartzite is composed of relatively hard 
quartz. Rocks that have layering or other planes of weakness also break 
down more quickly than rocks that are uniformly strong. Gneiss is a 
layered rock. It may break down more rapidly than a nonlayered rock, 
such as granite. 

Rock and mineral particles can also be reduced in size by dissolving. 
However, most of the common rocks and minerals in sediments dissolve 
very slowly, if at all. Calcite is the only very common sedimentary mineral 
that dissolves fairly quickly in streams.

Downstream Fining

Ordinarily, sediment particles in the upstream areas of a river system are 
much coarser than the particles in the downstream areas. This is known 
as downstream fining. It can have various causes. All of the sediment 
particles could be slowly reduced in size by abrasion and/or dissolving 
as they travel downstream. However, most geologists think that this is 
not the most important reason. Breakage of larger particles into smaller 
particles is probably much more important. In some streams, the coarser 
sediment tends to be dropped by the stream and stored in the stream 
valley. The finer particles move on downstream. This would also cause 
downstream fining. In any given stream, it is usually difficult to tell 
which effect is more important in causing downstream fining.

  Figure 3 As you proceed downstream, you will find that the sediments carried by 
the stream become finer and finer.

Geo Words
downstream fining: 
the decrease in 
sediment size 
downstream in a 
stream or river.
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Stream Deposition
Sediments transported by rivers and streams are eventually deposited. 
You read about the deposition of sediment on the inside bend of a 
meandering stream. You also read about deposition on floodplains. This 
occurs when rivers flood. There are two other important sedimentary 
deposits formed by streams and rivers. They are alluvial fans and deltas.

An alluvial fan is a fan-shaped deposit. It forms where a stream leaves a 
mountain range. (See Figure 4.) It occurs when the stream flows out of a 
steep, narrow mountain valley and onto a broad, flat valley floor. When 
the stream emerges onto the valley floor, it experiences a sudden decrease 
in gradient. As a result, the velocity of the stream decreases. Therefore, 
its ability to carry sediment is also reduced. The stream deposits a large 
part of its load, starting with the coarsest sediments, mostly sand and 

gravel, as an alluvial 
fan. Drainage 
continues in an 
irregular radial 
pattern from the 
top of the fan. Finer 
sediments remain 
within the flow and 
are carried toward 
the edges. During 
periods of high flows, 
coarser sediments 
deposited higher 
on the fan may be 
picked up again and 
moved toward the 
margin of the fan.

Figure 4 This image shows alluvial fan deposits in the 
Zagros Mountains of Iran. This image was taken by the 
Terra satellite as part of NASA’s Earth Observing System. 

A delta is a sedimentary deposit that forms where a river flows into a 
large body of water such as a lake, an ocean, or an inland sea. Deltas can 
have a variety of shapes. They often have complex patterns of drainage. 
(See Figure 5.) Most are triangle-shaped. When a river joins a larger body 
of water, it is no longer flowing downhill. It quickly loses velocity. At this 
point, the river also loses its ability to carry sediment. The heaviest particles 
drop to the bottom first, forming a steeply sloping layer. Most of the fine 
suspended load is carried farther out into the body of water. It eventually 
settles out to form a gently sloping front. This is especially the case when 
less-dense fresh water flows on the surface of denser salty water. 

Geo Words
alluvial fan: a wide, 
sloping deposit of 
sediment formed 
where a stream leaves 
a mountain range.

delta: a landform 
made of sediment 
that is deposited 
where a river flows 
into a body of water. 

EC_Natl_SE_C4.indd   438 7/12/11   9:55:12 AM



EarthComm
439
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Deltaic deposits usually consist of silt and clay particles. As long as the 
volume of sediment deposited by the river is greater than that removed 
by wave erosion and currents, the delta grows outward. This allows 
surface drainage to extend farther to the edge of the delta and to 
continue to deposit sediment. Most of Earth’s great rivers, including 
the Nile, Amazon, and Mississippi, have built massive deltas.

  Figure 5 This image shows the Ganges River Delta in Bangladesh—
the largest delta on Earth.

Checking Up
1. Compare physical 

breakdown with 
dissolving of 
materials. 

2. What would 
baseball-sized 
particles in 
a streambed 
indicate about the 
maximum velocity 
of the streamflow? 

3. In your own words, 
describe what 
might happen 
to a large piece 
of granite as it 
is transported 
farther and farther 
downstream. What 
are the processes 
that would be 
acting on the 
granite?

4. What is the 
difference between 
an alluvial fan and 
a delta?

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

• What can you learn about a stream by looking at the materials in 
the streambed? 

• How do streams change the material they carry? 

Record your ideas about these questions now. Include what you have 
learned about streamflow and sediment erosion in your answers.
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Reflecting on the Section and the Challenge
In this section, you discovered that particles are changed in size and shape as they are 
moved about in water. You also found that particles made out of different materials 
change at different rates. You saw that a stronger flow of water is needed to move coarse 
particles than is needed to move fine particles. Now you know what processes occur 
in rivers. Being able to apply these concepts to the sediments you find in rivers beyond 
your community will help you understand the types of flow that have helped shape the 
landscape. You will need this information to complete your Chapter Challenge.

Understanding and Applying

 1. From your data, what can you say about the relationship between the velocity 
of a river and the size of the sediment it carries? 

 2. What was the likely velocity of the river from which the following sediments 
were taken: 

a) Silt and clay?       b)  Fine sand?       c)  Large, rounded boulders? 

 3. One of the political leaders in your community has suggested making a “swimming 
hole” along a stream in your community. The politician proposes to dredge gravel 
from some part of the stream channel to make it deep enough, then add sand to the 
banks and bottom. This politician maintains that this will be a low-budget, “natural” 
swimming hole. As the expert on sedimentation in your community’s streams, do you 
agree with the politician? Explain your answer.

 4. Preparing for the Chapter Challenge

With your group, think about the questions below.
•  What geologic evidence do you need to determine if a stream has periods of 

high-velocity flow?
•  Could the streamflow in your Florida and Alaska cities potentially affect the 

streambed and banks? 
• Will the high-velocity flow affect downstream areas?

Inquiring Further
 1. Cleaning up sediment

Has a stream in your community ever flooded and deposited sediments on a road, 
athletic field, or parking lot? How did your community handle the cleanup? How 
much did it cost? What was done with the sediment?

 2. Sediment and living things
In what ways could the types of sediment in a streambed indicate the various plants 
and animals that could live there? Do plants and animals that live in streams use 
specific types of sediments? Would you find a different set of plants and animals
in a mud-bed stream as opposed to a gravel-bed stream?
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