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RUNNING WATER 

A bout 1.3 billion cubic kilometers of water exists at the Earth’s surface. If 

the surface were perfectly level, water would form a layer 2 kilometers thick 

surrounding the entire planet. Of this huge quantity, 97.5 percent is salty 

seawater, and another 1.8 percent is frozen into the great ice caps of 

Antarctica and Greenland. Only about 0.65 percent is fresh water in streams, 

underground reservoirs, lakes, and wetlands. Thus, although the hydrosphere 

contains a great amount of water, only a tiny fraction is fresh and liquid. 

 

Figure 7–1 The hydrologic cycle shows that water circulates constantly among the sea, 

the atmosphere, and the land. Numbers indicate thousands of cubic kilometers of water 

transferred each year. Percentages show proportions of total global water in different 

portions of the Earth’s surface. 

14.1 THE WATER CYCLE 

Water evaporates from the sea, falls as rain, and flows from land back to the 

sea. The circulation of water among sea, land, and the atmosphere is called 

the hydrologic cycle, or the water cycle (Fig. 7–1). 

Water evaporates from sea and land to form clouds and invisible water vapor 

in the atmosphere. Water also evaporates directly from plants as they 

breathe, a process called transpiration. Atmospheric moisture then returns to 
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the Earth’s surface as precipitation: rain, snow, hail, and sleet.  Water that 

falls onto land can follow three different paths: 

1. Surface water flowing to the sea in streams and rivers is called runoff. 

Surface water may stop temporarily in a lake or wetland, but eventually it 

flows to the oceans. 

2. Some water seeps into the ground to become part of a vast subterranean 

reservoir known as ground water. Although surface water is more 

conspicuous, 60 times more water is stored as ground water than in all 

streams, lakes, and wetlands combined. Ground water also seeps through 

bedrock and soil toward the sea, although it flows much more slowly than 

surface water. 

3. The remainder of water that falls onto land evaporates or transpires back 

into the atmosphere. 

 STREAMS 

Geologists use the term stream for all water flowing in a channel, regardless 

of the stream’s size. The term river is commonly used for any large stream 

fed by smaller ones called tributaries. Most streams run year round, even 

during times of drought, because they are fed by ground water that seeps 

into the stream bed. 

Normally a stream flows in its channel. The floor of the channel is called 

the bed, and the sides of the channel are the banks. When rainfall is heavy 

or when snow melts rapidly, a flood may occur. During a flood, a stream 

overflows its banks and spreads over adjacent land called a flood plain. 

STREAM FLOW 

A slow stream flows at 0.25 to 0.5 meter per second (1 to 2 kilometers per 

hour), whereas a steep, flooding stream may race along at about 7 meters per 

second (25 kilometers per hour). Three factors control current velocity: 

(1) the gradient of the stream; (2) the discharge; and (3) the shape and 

roughness of the channel. 
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Gradient 

Gradient is the steepness of a stream. The lower Mississippi River has a 

shallow gradient and drops only 10 centimeters per kilometer of stream 

length. In contrast, a tumbling mountain stream may drop 40 meters or 

more per kilometer. Obviously, if all other factors are equal, a stream 

flows more rapidly down a steep channel than a gradual one. 

Discharge 

Discharge is the amount of water flowing down a stream. It is expressed 

as the volume of water flowing past a point per unit time, usually in cubic 

meters per second (m3/sec). The largest river in the world is the Amazon, 

with a discharge of 150,000 m3/sec. In contrast, the Mississippi River, 

the largest in North America, has a discharge of about 17,500 m3/sec, 

approximately one ninth that of the Amazon. 

A stream’s discharge can change dramatically from month to month or 

even during a single day. For example, the Selway River, a mountain 

stream in Idaho, has a discharge of 100 to 130 m3/sec during early 

summer, when mountain snow is melting rapidly. During the dry season 

in late summer, the discharge drops to about 10 to 15 m3/sec (Fig. 7–2). 

A desert stream may dry up completely during summer but become the 

site of a flash flood during a sudden thunderstorm. 

 

Figure 7–2 The hydrograph for the Selway River in the spring and summer of 1988 

shows that the discharge varied from 125 to 15 m3/sec. 
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Channel Shape and Roughness 

Friction between flowing water and the stream channel slows current 

velocity. Consequently, water flows more slowly near the banks than 

near the center of a stream.  If you paddle a canoe down a straight stream 

channel, you move faster when you stay away from the banks. 

The total friction depends on both the shape of a stream channel and its 

roughness. If streams of equal cross-sectional area are compared, a 

semicircular channel has the least surface in contact with the water and 

therefore imposes the least friction. If other factors are equal, a stream 

with this shape will flow more rapidly than one that is either wide and 

shallow or narrow and deep. 

A rough channel creates more friction than a smooth one. Boulders in the 

stream bed increase turbulence and resistance, so a stream flows more 

slowly through a rough channel than a smooth one (Fig. 7–3). 

Stream velocity increases when discharge increases. Thus, a stream 

flows faster during flood, even though its gradient is unchanged. The 

velocity of a stream also generally increases in a downstream direction 

because tributaries add to the discharge. 

  

Figure 7–3 A boulder-choked stream bed in the North Fork of Trapper Creek, 

Bitterroot Mountains, Montana, creates turbulence and resistance to flow. 
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Stream Erosion 

Streams are one of the most effective surface agents that erode rock and 

sediment. Erosional landscapes such as the Grand Canyon have been 

formed by constant erosion from running water over millions of years ( 

Fig 7-4A).  

Figure 7–4, A Grand Canyon formed by erosion of running water   

In addition to eroding the bedrock and previously deposited sediments 

along its route, a stream constantly abrades and weathers the individual 

rock and soil particles carried by its water. Hydraulic action, abrasion, 

and solution are the three main ways that streams erode the earth's 

surface ( Fig 7-4B). 

B  

 

Figure 7–4, B stream weathers and erodes its channel by hydraulic action. 
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Hydraulic action 

 The ability of flowing water to dislodge and transport rock particles or 

sediment is called hydraulic action. In general, the greater the velocity of 

the water and the steeper the grade, the greater the hydraulic action 

capabilities of the stream. Hydraulic action is also enhanced by a rough 

and irregular stream bottom, which offers edges that can be "grabbed" by 

the current and that create uplifting eddies (Fig. 7–5). 

 

Fig. 7–5, Shows the effect of hydraulic action on river banks. 

Abrasion  

Abrasion is the process by which a stream's irregular bed is smoothed by 

the constant friction and scouring impact of rock fragments, gravel, and 

sediment carried in the water (Fig. 7–6A). The individual particles of 

sediment also collide as they are transported, breaking them down into 

smaller particles. Generally the more sediment that a stream carries, the 

greater the amount of erosion of the stream's bed. 

The heavier, coarser-grained sediment strikes the stream bed more 

frequently and with more force than the smaller particles, resulting in an 

increased rate of erosion. Circular depressions eroded into the bedrock of 

a stream by abrasive sediments are called potholes. The scouring action 

is greatest during flood conditions. Potholes are found where the rock is 

softer or in locations where the flow is channeled more narrowly, such as 

between or around boulders (Fig. 7–6B). 
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A  B  

Fig. 7–6, Shows the abrasion, A, rock fragments and gravels abrasion, B, Potholes 

formation in the bedrock of the stream.   

Solution  

Rocks susceptible to the chemical weathering process of solution can be 

dissolved by the slightly acidic water of a stream. 

Limestones and sedimentary rock cemented with calcite are vulnerable to 

solution. The dissolution of the calcite cement frees the sedimentary 

particles, which can then be picked up by the stream's flow through 

hydraulic action. 

Sediment Load 

The majority of a stream's sediment load is carried in solution (dissolved 

load) or in suspension. The remainder is called the bed load (Fig 7-7). 

Dissolved load 

 Earth material that has been dissolved into ions and carried in solution is 

the dissolved load. It is usually contributed by groundwater. Common 

ions are calcium, bicarbonate, potassium, sulfate, and chloride. These 

ions may react to form new minerals if the proper chemical conditions 

are encountered during flow. Minerals may also precipitate in trapped 

pools through evaporation. 
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Suspended load 

 The suspended load is the fine-grained sediment that remains in the 

water during transportation. For example, a flooding river is muddy and 

discolored from the large amounts of sediment suspended in the water. 

The suspended load is generally made up of lighter-weight, finer-grained 

particles such as silt and clay. Most of the sediment in a stream is carried 

as suspended load. It does not contribute greatly to stream erosion, since 

it is not in frictional contact with the stream bed. 

Bed load 

 The heavier, coarser-grained earth material that travels along the bottom 

of the stream is the bed load. Traction occurs when these fragments 

move along by rolling and sliding. Turbulent or eddying currents can 

temporarily lift these larger grains into the overlying flow of water the 

grains advance by short jumps or skips until the surge diminishes and 

then fall back to the bottom because of their greater weight. This process 

is called saltation. 

 

 

Figure 7–7 A stream carries dissolved ions in solution, silt and clay in suspension, 

and larger particles as bed load. 

Capacity and competence 
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 The maximum load of sediment that a stream can transport is called its 

capacity. Capacity is directly proportional to the discharge: the greater 

the amount of water flowing in the stream, the greater the amount of 

sediment it can carry. A stream's competence is a measure of the largest-

sized particle it can transport; competence is directly proportional to a 

stream's velocity, which can vary seasonally. Because of increased 

capacity and competence, a single flood event can cause more erosion 

than a hundred years of standard flow (Fig 7-8). 

 

Fig 7-8, shows the relation between the velocity of the stream and the particle size 

which indicate the stream competence. 

Stream Deposition 

A stream's sediment load is typically deposited, eroded, and redeposited 

many times in a stream channel, especially during climatic variations 

such as flooding. Sediments are deposited throughout the length of the 

stream as bars or floodplain deposits. At the mouth of the stream, the 

sediments are usually deposited in alluvial fans or deltas, which 

represent a lower-energy, more "permanent" depositional environment 

that is less susceptible to changes in the stream flow. 

Bars 

 Bars form in the middle of the channel or along the banks of a stream at 

points where the velocity decreases, resulting in the deposition of some 
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of the sediment load. Bars are ridges generally made up of gravel- or 

sand-sized particles (Fig 7-9). A subsequent flood event will erode bars, 

transport the sediments, and redeposit the material as a new bar farther 

downstream. 

  

Fig. 7-9  Shows bars in the river. 

Floodplains 

 Floodplains are level strips of land on the sides of a channel that consist 

of fine-grained silt and clay deposited during episodes of flooding. 

Higher ridges of sand and silt called natural levees are deposited near the 

edge of the channel. As the water spreads outward from the channel, it 

loses energy and carries less sediment. The poorly drained and marshy 

areas behind the levees are called backswamps (Fig 7-10). 

  

Fig 7-10, shows the zone of flood plain. 
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Alluvial fans  

 Alluvial fans are similar to deltas and are large fanlike accumulations of 

sediment that form where streams emerge from rugged terrain onto a 

broad, flatter surface. Stream velocities fall quickly, and the fan is built 

by continual braided stream activity. 

Large fans show graded patterns in which the coarsest-grained materials 

are deposited at the canyon mouth and the finer-grained materials spread 

outward in a fan shape (Fig 7-11). 

 

Fig 7-11, shows the ideal shape of alluvial fans. 

 

Deltas 

 Sediment deposited at the mouth of a stream usually forms a thick, 

roughly wedge-shaped accumulation called a delta, the widest part of 

which is farthest from the stream mouth. Distributaries are dendritic, 

shifting channels that spread out across the delta from the main river 

channel and disperse the sediment load. Sediments on the delta's forward 
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slopes are constantly shaped by water and wind action and redeposited by 

lake or ocean currents. 

Topset beds are nearly horizontal layers of sediment deposited by the 

distributaries as they flow away from the mouth and toward the delta 

front. They overlie the sandy foreset beds that compose the main body of 

the delta, which dip downward from 5 to 25 degrees. 

These represent the gradual accumulations of sediment deposited over 

the forward slopes of the delta as it builds progressively outward into the 

receiving body of water. The bottomset beds are the finest silt and clay 

particles that are carried out into the deeper water or slide down the delta 

front into the deeper water. 

A  B  

Fig 7-12, A, shows the beds of delta in sketch, B, the three beds of delta in photo. 

Braided streams 

A braided stream is one in which the water has lost its main channel and 

flows through a wandering network of rivulets around sandbars. Braided 

streams typically have wide channels. The braiding generally results from 

a flood-deposited midchannel bar that splits the flow. The water is 

diverted to the sides and erodes stream banks, widening the channel. 

Streams will usually be braided if they have high bed loads and easily 

erodible banks Fig 7-13. The distributaries in a delta are also braided. 
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A  

B  

Fig 7-13, A, shows sketch of braided streams, B, photo of braided streams 

 

Meanders and oxbow lakes 

 The course of a stream bed can be continuously affected by erosion on 

the outside of a curve and deposition on the inside. This process will 

transform a gentle curve into a hairpin like meander. Meanders 

continuously change location as they swing back and forth across a 

valley or migrate downstream over time. An oxbow lake is formed when 

a meander begins to close on itself and the stream breaks through and 
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bypasses the meander (Figure 7-14). The cut-off meander is dammed by 

sedimentary deposits in the new channel—resulting in a body of water 

that is shaped roughly like a U (the shape of an oxbow, a piece of wood 

used to harness an ox). Oxbow lakes mark the location of former stream 

channels. 

A           B   

Fig 7-14, A, shows steps of oxbow lake formation, B, sketch of stream 

meander and flood plain. 

 

 

 


