28 The Active River The Water Cycle
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Torws To Learn You are probably familiar with the Grand Canyon, shown in

/ = . . .
Figure 1. But did you know that about 6 million years ago,
the Grand Canyon was nearly as flat

erosion divide the area now known as
water cycle channel as a pancake? The Colorado River cut down into the rock ol )
tributary load and formed the Grand Canyon over millions of years by Wa?ere\:;spa::zgé;ccurs when
£ soil and rock from its riverbed. into liquid wate rs dfgslézat?ﬁs
form clouds in the atmosphere.

washing billions of tons O
pe of erosion. Erosion is the removal and

drainage basin
Whatl Youll Do This process is a ty ' emo
transport of surface material, such as rock and soil. Rivers are

/

¢ lllustrate the water cycle. not the only agents of erosion. Wind, rain, ice, and snow:

ODescr‘lbe o dral-nage Bias(z can cause erosion as well.

+ Explain the major factors that Because of erosion caused by water, the Grand Canyon is
affect the rate of stream erosion. ) -

o Identify the stages of river now about 1.6 km deep and 446 km long. In this section, you
development. will learn about stream development, river systems, and the

different factors that affect the rate of stream erosion.

Precipitation
is rain, snow,
sleet, or hail

that falls from

Runoff is water

that flows Evaporation

across land and occurs when
c_ollects in liquid water from
rivers, streams, the Earth’s surface
and eventually and from living
the ocean. organisms changes

into water vapor.

Infiltration is the
movement of water
into the ground due
to the pull of gravify.

T3

Percolation is

Figure 1 The Grand Canyon is

located in northwestern Arizona. Water, Water EVGIYWh ere |

It formed over millions of years

as running water eroded rock Have you ever wondered how rivers keep flowing and Wk}
rivers get their water? The water cycle answers these and Ot

and soil. In some places the
questions. The water cycle, :

canyon is 29 km wide. shown on the next page is
continuous movement of water from water sources, suct
lakes or oceans, into the air, on

to land, into the ground, &
back to the water sources. z
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Touws o Learn

ground water permeability
water table recharge zone
aquifer artesian spring
porosity

What Youll Do

o Identify and describe the loca-
tion of a water table.

@ Describe the characteristics of an
aquifer.

# Explain how caves and sinkholes
form as a result of erosion and
deposition.

Figure 14 The water table is
the upper surface of the zone
of saturation.
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Water Underground

Although we can see surface water in streams and lakes, there
is a lot of water flowing underground that we cannot see. The
water located within the rocks below the Earth’s surface is called
ground water. Ground water not only is an important resource
but also plays an important role in erosion and deposition.

Location of Ground Water
Surface water seeps underground into the soil and rock. Earth
scientists divide this underground area into two zones. The

upper zone, called the zone of aeration, usually is not com-

pletely filled with water. The rock and soil that make up this

sone are filled with water only immediately after a rain. Farther

down, the water accumulates in an area called the zone of satu-
ration. Here the spaces between the rock particles are filled

‘with water.
These two zones meet at an underground boundary known

as the water table, as shown in Figure 14. The water table rises

during wet seasons and drops during dry seasons. In wet regions

the water table can be just beneath the soil’s surface oOr at the
surface. But in deserts the water

table may be hundreds of meters
underground.

Aquifers
Some types of rock can hold large

quantities of water, W
types can hold little or no water. A

the flow of ground water is called

an aquifer.

To qualify as an aquifer, a rock
layer must be porous, or contain
open spaces. A rock’s porosity 15 the
amount of open space between
individual rock particles. The 0 K
layer must also allow water tO pass
freely through it, from one pote
another. If the pores are connected
w through the rock layer. A rock’s abil
through it is called permeability. A 10€
f water is impermeable.

ground water can flo
ity to let water pass
that tends to stop the flow 0

hile other

rock layer that stores and allows

Aquife

uSc1|1 auyrfofnel(e)(liogfy and Geography The best aquifers are

e 'fsandstone, limestone, or layers of sand and

T Sou(rqcul e;s cover large underground areas and are an

S e of water for cities and agriculture. The ma
g shows the location of aquifers in the United Statef

Aquifers

Figun:e 15 Aquifers in the
Continental United States

Rechar ike ri '
e cgzelt(())n;s' L11'<e rivers, aquifers are dependent on the
i e i W;lintaln a constant flow of water. The ground
Qe e ﬂ(:lr enters an aquifer is called the recharge
g e recharge zone varies depending on how
o — rOCklls at the surface. In an area that contains a
- ayer, the' wa‘fer can seep down into the aquifer
ere the aquifer is confined on top by an impef.

meable r
‘ ock layer, the recharge zone is restricted to areas where

there is a permeable rock layer.

Springs and Wells

Ground- ;

. ta}")‘iztefuntl(iyement is determined by the slope of the
. Clowr-lSlOs ike surface water, ground water tends to
o }Fe,E tow,ard lower elevations. If the water
. e .arth S su.rface, water will flow out from
Source of d;inkri?mg a spring. Springs are an important
. ng Water. Lakes form in low areas, where

) able is higher than the Earth’s surface.

- 5. Fill a third cup with water.

6. Allow the cup to drain for

- 7. Repeat steps 5 and 6 with

QuickLab

Degree of Permeability

1. Obtain five plastic-foam
cups.

2. Fill one cup halfway

wi.th soil, such as garden
soil. Pack the soil.

3. Fil.l a second cup halfway
with sand. Pack the sand.

4. Poke 5 to 7 holes in the
bottom of each cup with a
sharpened pencil.

Hold one of the remaining
empty cups under the cup
filled with soil. Pour the
water into the top cup.

45 seconds, and then put
the cup aside (even if it is
still draining). Put the cup
filled with water aside.

the cup of sand. Compare
the volumes of the two
cups of water. The cup
that allowed the most
water to pass holds the
more permeable
sediment.

TRY at
HOME~

A mud pie

the size of a

: house—where
~  would you see

A\~ something like

that? Turn to
page 294 to
find out.
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Figure 16 Artesian springs form

when water from an aquifer

flows through cracks in the cap

rock of an artesian formation.

Figure 17 A good
deep enough so th
water table drops, th

contains water.

well is drilled
at when the
e well still

Artesian Springs A sloping layer of permeable rock sand-

wiched between two layers of impermeable rock is called an
artesian formation. The permeable rock is an aquifer, and the
top layer of the impermeable rock is called a cap rock, as shown
Artesian formations are the source of water for
prings are springs that form where
pressurized

in Figure 16.
artesian springs. Artesian s
cracks occur naturally in-the cap rock and the
water in—the aquifet flows through the cracks to the surface.
Artesian springs are sometimes found in deserts, where they

are often the only source of water.

Cap rock

Artesian
spring

Aquifer

 Impermeablerock

Wells A well is a human-made hole that is deeper than the
level of the water table; therefore, wells fill with ground water,
as shown in Figure 17. If 2 well is not deep enough, it will dry
up when the water table falls below the bottom of the well.
Also, if too many wells in an area remove ground water t00
rapidly, the water table will drop and all the wells will run dry.

Well

3 self-Check

impermeable rock in
an artesian formation?

(See page 726 to check

your answer.)

- Why is it important that?;:
' there is a layer of ‘
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Underground Erosion and Deposition

Unlike a river, which erodes its banks when water moves ov

rgck ar.ld soil, ground water erodes certain types of rock tfr
dissolving the rock. Most of the world’s caves formed ove};
tl.lousands of years as ground water dissolved limeston

.leestone, which is made of calcium carbonate, dissolves ea 'le'
in water. As a result, caves form. Some caves ’reach S ectas1 4
lar proportions, such as the one in Figure 18. i

Stalactite

Stalagmite

Figure 18 At Carlsbad Caverns, in New Mexico,
It;nderground passages and enormous “rooms”
ave been eroded below the surface of the Earth.

c - .
ave Formations While caves are formed by erosion, they

K als . sqe
0 show signs of deposition. Water that drips from a crack

;)I:) Iiiatceav?r ; celh(;lg le.aves behind deposits of calcium car-
limestoﬁe : aeﬁed deposﬁs of calcium carbonate are a type of
. downwaed 'rzpstone. Wa"ce.r and dissolved limestone can
]' " S:al 1nFo sharp, icicle-shaped dripstone features
o a;:ltltes. At the same time, water drops that
o Stale S .oor add to cone-shaped dripstone features
e, B agn}ltes. If water drips long enough, the stalac-

stalagmites can reach each other and join, forming

4 dripstone column.

Environment
CONNECT |k O N

Most bat species live in caves. These
night-flying mammals navigate by
sound and can reach speeds of

95 km/h. Today scientists know that
bats play an extremely important role
in the environment. Bats are great
consumers of insects, and many bat
species pollinate plants and distribute
seeds.
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‘ Section . .
is lower than the level of |
sinkholes When the water table 1;6 by the water under- | 4 US|ng w t r Wl l

s suppo :
cave, the cave 1s no longer : rcular [
axe ving a ci T 1o

neath. The roof of the cave can then collapse, lea
then flow through underground caves. ' point-source pollution

All living things need water to survive. But there is a limited
amount of fresh water available on Farth. Only 3 percent

W35 -earﬂ
depression called a sinkhole. Surface streams can “disapp

into sinkholes and

of Earth’s water is drinkable. And of the 3 percent that is
: ter table is nonpoint-source pollution drinkable. 75 ' is in th
; lakes in areas where the wa _ rinkable, 75 percent is frozen in the
Sinkholes of’;eéll fg;r;is covered with hundreds of round sink- | sewage treatment plant polar icecaps. That’s more than
. (e} ! ) .
hlglh.l ientr:;gure 19 shows how underground caves can afiech ' eptic Tk 100 times the volume of water
hole lakes.

i found in the Earth’s lakes and
a landscape. WM %a,ﬂ Do'

be th ; streams! This frozen water is
e cnclive The stages ar treatment not readily available for our
for water at a sewage treatment

plant. -use. Therefore, it is impor-

Figure 19 This city block shows the effects ¢ Compare a septic system with a  tant that We LSehaur waler

of a sinkhole in Winter Park, Florida. sewage treatment plant. resources wisely.

L 5y : : \ : # Explain how ground water can
- ey | 5 be both a renewable and a non-
: renewable resource. Water Pollution
|

Surface water, such as rivers
and lakes, and ground water are
often polluted by waste from cities,

factories, and farms. One type of pollution |
is called point-source pollution because it comes from one particu- }
lar point, such as a sewer pipe or a factory drain. Fortunately, |
laws prohibit much of this type of pollution. |
There is growing concern, however, about another type of
pollution, called nonpoint-source pollution. This type of pol- t
lution, as shown in Figure 20, is much more difficult to con-
trol because it does not come from a single
source. Most nonpoint-source pollution conta-
minates rivers and lakes by runoff. The main
sources of nonpoint-source pollution are street v
gutters, fertilizers, eroded soils and silt from |
farming and logging, drainage from mines, and
salts from irrigation. f
As you know, ground water is an important
4 4 source of fresh water. In fact, more than half of
<2, all household water in the United States comes
from ground water. Farms use ground water for
irrigation. Because ground water is supplied by
water from the Earth’s surface, ground water can
become contaminated when surface water is pol-

luted. And once polluted, ground water is very
difficult to clean up.

REVIEW

' ?
t is the water table?
k. 1. Wha

2. What is an aquifer?
TOPIC: Water Underground

formed by un
0 Tl et 3. What are some of. t'he features y
sciLINKS NUMBER: HSTE265 ey o dep051t10n? 3
: ! B I
4. Analyzing Relationships What is the relat1on§h1p I;Hd 4
.the zone of aeration, the zone of saturation,
water table? .

derground

8Ure 20 The runoff from this irrigation system
uld collect pesticides and other pollutants. The
Sult would be nonpoint-source pollution.
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