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Chapter 4  Surface Processes

The Water Cycle

Water, in the form of liquid, solid, or vapor, moves through the Earth system and transforms during 
its journey. Water resides in many different kinds of places, and takes many different kinds of paths. 
The combination of all of these different movements is called the water cycle or the hydrologic cycle.

Each place in the Earth system where water is stored is a reservoir. The rate at which water flows 
from one reservoir to another in a given time is called a flux. There is net movement of water vapor 
from the oceans to the continents, and net movement of liquid (and solid) water from the continents 
to the oceans.

Drainage Basins

Topographic maps provide important information about the geometry of drainage basins and river 
systems. Contours can be used to determine stream gradient.

A drainage basin is the area from which all of the rain that falls eventually flows to the same final 
destination, usually the ocean.

River systems consist of interconnected channels. Tributary systems consist of many smaller streams 
that converge and flow into major channels known as trunk streams. A distributary system consists 
of a number of small channels that branch off from the main river, often close to a delta or large 
depositional feature.

Slopes

Many of Earth’s landforms are made up of slopes. Solid bedrock is stable at almost any slope angle 
unless slopes are weakened. Unconsolidated materials are stable only up to a maximum slope angle, 
called the angle of repose.

The process in which gravity moves material downward on a slope is called mass movement 
(rockfalls, landslides, debris flows, debris avalanches, and creep).

High- and Low-Gradient Streams

High-gradient streams are usually located in the headwater areas of river systems. Their velocities 
are typically high though their channels are relatively small and shallow.

High-gradient streams tend to cut downward and erode their valleys rapidly.

Streams in the lower parts of a river system typically have lower gradients, wider channels, and 
wider floodplains than streams in the higher parts of river systems.

Low-gradient streams cut wide valleys because their channels tend to shift sideways. They do this by 
meandering back and forth across a wide floodplain.

The flat, low-lying valley floor surrounding a river channel is called the floodplain. It is built from 
sediments deposited by meandering streams and during floods.

Sediments are classified according to their diameter as clay, silt, sand, gravel, or pebbles. For a 
given sediment size, a certain velocity of flow, called the threshold velocity, is needed to initiate the 
movement of a particle. 

Part of a stream’s load can be carried along invisibly in solution by a stream. Fine sediment particles, 
of clay and silt size, travel mostly as a suspended load. The bed load consists of coarse sediment 
particles that travel by sliding, rolling, and bouncing.
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Soil
Soil is a relatively thin layer of rock, mineral fragments, and decaying organic material that covers 
most of Earth’s land surface. Soil forms when weathering and biological processes break down 
bedrock and organic material, such as dead plants.

Soils can be classified by texture, which refers to the distribution of the sizes of the particles. Most 
soils are a mixture of gravel, sand, silt, and clay sizes, as well as organic materials. Soils often 
contain layers called horizons, each with varying properties.

Glaciers
A glacier is a large mass of ice on the Earth’s surface that moves by internal deformation and by 
slipping at its base. Ice sheets are the largest glaciers. They form on broad land areas at high latitudes 
where summers are cool enough so that not all of the previous winter’s snow is melted. Valley 
glaciers form in mountain regions both at high latitudes and at high elevations.

Glaciers scour soil and sediments from their bases to create wide U-shaped valleys. Meltwater at the 
base of a glacier sometimes penetrates fractured bedrock and freezes, then later thaws. This action 
can break bedrock apart rapidly. Small mountain glaciers produce semicircular hollows shaped like 
a shallow bowl, called a cirque. 

Till is a mixture of boulders and clay. It can be deposited on top of, within, beneath, on the side, or 
in front of a glacier’s terminus. Terminal moraines are high curved ridges of sediment that mark the 
maximum extent of a glacier. 

Meltwater streams flow out from tunnels in glaciers. They are typically seasonal in nature and can 
carry enormous quantities of sediment of all sizes. 

Wind
Wind moves particles by suspension, saltation, and surface creep. Particle movement is controlled by 
wind velocity, particle size, vegetation, surface cohesion, and surface roughness.

Landforms and human-made objects are eroded by the scouring action of rock particles carried by 
the wind. The surfaces of rocks and monuments become pitted and etched. 

Sand dunes grow because the kinetic energy of impacting grains is absorbed by loose sand. Sand 
grains typically saltate up shallower slopes that face into the predominant wind direction and 
avalanche down the steeper leeward slope.

Earth’s arid environments are controlled by climate. Deserts are common in regions where 
evapotranspiration exceeds precipitation, and may be hot or cold. 

Coastal Erosion and Deposition
Ocean waves result from the friction between winds and the ocean surface. Water within a wave 
remains in place after making its oscillation and there is little net forward motion of water. Instead, 
it is the wave form that moves rather than the water.

Erosion is not uniform along coasts. Contrasts in the depth between bays and headlands causes 
waves to bend around headlands and preferentially break against them. 

Features of coastal erosion include caves, arches, sea stacks, solution notches, and wave-cut platforms. 

Beaches are the most common type of deposit along coasts. Wave action moves sand down the beach 
in a zigzag pattern, a process called longshore drift.

Emergent coastlines are rising relative to the sea and often exhibit wave-cut platforms. Submergent 
coastlines are slowly drowned and are indicated by the growth of estuaries.
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