[image: image7.jpg]Where two plates move away from each other, tension forces
create many normal faults. When two of these normal faults
form parallel to each other, a block of rock is left lying between
them. As the hanging wall of cach normal fault slips downward,
the block in between moves upward. When a block of rock lying
between two normal faults slides downward, a valley forms.

“The Sierra Nevada of California is @ fault-block mountain
range. The Physical Map of California in Appendix C, page 731,
shows the Sierras as well as California’s other mountain ranges.
California’s Central Valley formed when crust along the western
side of the fault block dropped dows.

1f you traveled by car from Salt Lake City to Los Angeles
you would cross the Great Basin,a region with many ranges of
fault-block mountains separated by broad valleys, or basins.
This “basin and range” region covers much of Nevada and
western Utah. The region extends into California's Mojave
Desert and the area east of the Sierra Nevada.

Mountains Formed by Folding Under certain conditions,
plate movement causes the crust to fold. Have you ever skidded
on a rug that wrinkled up as your feet pushed it across the floor?
Much as the rug wrinkles, rock stressed by compression may
bend slowly without breaking, Folds are bends in rock that form
when compression shortens and thickens part of Earth’s crust.

The collisions of two plates can cause compression and fold-
ing of the crust. Some of the world’s largest mountain ranges,
including the Himalayas in Asia and the Alps in Europe,
formed when pieces of the crust folded during the
collision of two plates. Such plate collisions also
lead to carthquakes, because folding rock can
fracture and produce faults. The mountains
in California’s northern Coast Range
are partly the result of folding.

Figure 8 Compression forces
cause folds in Earth’s crust.

A. Some mountains are made up
of folded rock. B. The satellile
image shows folded mountains
west of Harrisburg, Pennsylvania.

Sharpen your

You can
measure the
force of friction.

1. Place a small weight on a
smooth, flat tabletop. Use a
spring scale to pull the
weight across the surface.
How much force is shown
on the spring scale? (Hint:
The unit of force is newtons.)

2. Tape a piece of sandpaper
to the tabletop. Repeat.
step 1, pulling the weight
across the sandpaper.

Is the force of friction greater

for a smooth surface or for a

rough surface?
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[image: image2.jpg]Types of Stress

Three different kinds of stress occur in the crust—shearing, ten
sion, and compression. Shearing, tension, and compression
work over millions of years to change the shape and volume of
rock. These forces cause some rocks (o become brittle and snap.
Other rocks tend to hend slowly like road tar softened by the heat
of the sun.

Stress that pushes a mass of rock in Lwo opposile directions
is called shearing, Shearing can cause rock to hreak and slip
apart or to change its shape.

The stress force called tension pulls on the crust, stretching
rock so that it becomes thinner in the middle. The effect of ten-
sion on rock is somewhat like pulling apart a piece of warm
bubble gum. ‘lension oceurs where two plates are moving apart.

The stress force called compression squeezes rock until it
folds or breaks. One plate pushing against another can compress
rock like a giant trash compactor.

Any change in the volume or shape of Farth's crust s called
deformation. Most changes in the crust occur so slowly that they
cannot be observed directly. But if you could speed up time so a bil-
lion years passed by in minutes, you could see the deformation of
the crust. The crust would bend, stretch, break, till, fold, and slide.
The slow shift of Earth’s plates causes this deformation.

&f Chiecépocnr How does deformation change Larth'’s surface?

Figure 2 Deformation pushes, pulls, or twists the rocks in Earth's crust.
Relating Cause and Effect Which type of deformation tends to shorten part of
the crust?

o

Before stress

(8]

Shearing

1t's a Stretch

You can model .*'
the stresses

that create faults.

1. Knead a piece of plastic
putty until it is soft.

2. Push the ends of the putty
toward the middie.

3. Pul the ends apart.

4, Push half of the putty one
way and the other half in
the opposite direction.

Classifying Which types of

stress do Steps 2, 3, and 4

represent?

Shearing can cause
masses of rock to slip.





[image: image3.jpg]Kinds of Faults

If you try to break a caramel candy bar in two, it
may only bend and stretch at first. Like a candy bar,
many types of rock can bend or fold. But beyond a
certain limit, even these rocks will break. And it
takes less stress Lo snap a brittle rock than it does to
snap one that can bend.

When enough stress builds up in rack, the rock
breaks, creating a fault. A fault is a break in Earths
crust whete slabs of crust slip past each other. The
rocks on both sides of a fault can move up or down or
sideways. Faults usually occur along plate bound-
aries, where the forces of plate motion compress,
pull, or shear the crust so much that the crust
breaks. There arc thrce main types of faults: strike-
slip faults, normal faults, and reverse faults.

Strike-stip fault

Strike-Skip Faults Shearing creates strike slip
faults. In a strike-slip fault, the rocks on either side
of the fault slip past cach other sideways with little
e TR e T T ERE up-or-down motion. Figure 3 shows the type of
Clently visble at the furtace fs the  movement that occurs along a strike-slip fault. A strike-slip
San Andreas Fault in California, fault that torms the boundary between two plates is called a
transform boundary. The San Andreas fault in California is an
example of a strike-slip fault that is a transform boundary.

srmal Faults 'lension forces in Farth’s crust cause normal
faults. In a normal fault, the fault is at an angle, so one block of
rock lies above the fault while the other block lies below the

fault. The half of the fault that lics above is called the hanging
wall. The half of the fault that lies below is called the footwall.
Look al Figure 4 to scc how the hanging wall lies above the

Figure 4 A normal faull created
the Sandia Mountains in New
Mexico
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forcedelorming the crust |

Movement along the fauft == |




[image: image4.jpg]footwall. When movement accurs along a normal fault, the
hanging wall slips downward. Lension forces create normal faults
where plates diverge, or pull apart. For example, normal faults
occur along the Rio Grande rift valley in New Mexico, where two
pieces of Earth's crust are diverging.

Reverse Faults Compression forces produce reverse faults. A
reverse fault has the same structure as a normal fault, but the
blocks move in the opposite direction. Look at Figure 5 (o see
how the rocks along a reverse fault move. As in a normal fault,
one side of a reverse fault lies at an angle above the other side.
The rock forming the hanging wall of a reverse fault slides up
and over the footwall. Reverse faults produced part of the
Appalachian Mountains in the eastern United States.

A lype of reverse fault formed the majestic peaks in Glacicr
National Park in Montana shown in Figure 5. Over millions of
years, a huge block of rock slid along the fault, moving up and
over the surface rock. Parts of the overlying block then wore
away, leaving the mountain peaks.

ey
of Chieckpaint What are the three types of fault? What force of Force deforming the crust
deformation produces cach? Moverent along the foull_

" Reverse fault

Figure 5 A reverse
fault formed Mt. Gould
in Glacier National Park,
beginning 60 million
years ago.

Inferring Which half of
the reverse fault sid up
and across to form this
mountain, the hanging
wall or the tootwall?
Explain.
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[image: image5.jpg]Friction Along Faults

weeamie Tlow tocks move along
Pursis a fault depends on how
much friction there is between the opposite

gl Heriiamerican sides of the fault, Friction is the force that

P

purins

KEV

Figure 6 The San Andreas fault
extends from the Salton Sea in
southern California to the point in
northern California where the plate
boundary continues into the Pacific
Ocean. See Appendix C for a map
of major faults and mountain
ranges in California

Figure 7 Two normal faults can
form fault-block mountains, such as
the Teton Range near the border of
Wyorming and Idaho.

Nermal faults

ey I
Movement along norm faults

a8

opposes the motion of one surface as it moves
across another surface. Friction exists because
surfaces are not perfectly smooth.

Where friction alonga fault is low, the rocks
on both sides of the fault slide by each other
without much sticking. Where friction is mod-
erate, the sides of the fault jam together. Then
from time to time they jerk [ree, producing
small earthquakes. Where friction is high, the rocks lock together
and do not move. In this case, stress increases until it is strong
enough (o overcome the friction force.

The San Andreas fault forms a transform boundary between
the Pacific plate and the North American plate. In most places
along the San Andreas faull, friction is high and the plates lock.
Stress builds up until an earthquake releases the stress and the
plates slide past each other.

Mountain Building

The forces of plate movement can build up Earth's surface. Over
millions of years, fault movement can change a flat plain into
a towering mountain range.

Mountains Formed by Faulting When normal faults uplift
ablock of rock, a fault-block mountain forms.You can see a dia:
gram of this process in Figure 7. How does this process begin?
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Earth’s Crust in Motion

How Does Siress Affect 4. Repeat Steps 1 and 2. This time, however,
’ keep bending the ends of the popsicle stick
Kotk Constt Loward each other. What happens to the

. Put on your goggles. wood?
2 2. Holding a popsicle stick at both ends, slowly
bend it into an arch. Thiak It Qver I
Predicting Think of the popsicle stick as a
. Release the pressure on the popsicle stick model for part of Earth's crust. What do you

and observe what happens. think might eventually happen as the forces of
plate movement bend the crust?

uddenly you notice a slight vibration, as if a heavy truck
rumbling by. At the same time, your glass of orange

@ How do stress forces affect

GUIDE FOR READING You arc sitting at the kitchen table ealing breakfast.

rack?

iy i Tirnrand juice jiggles. Dishes ratle in the cupboards. After a few seconds,
where do they occur? the rattling stops. Later, when you listen Lo the news on the radio,
 How does movementalong  you learn that your region experienced a small earthquake.

faults change Earth’s surface?  Farthquakes are a reminder that Earth's crust can move.

Reading Tip_Before you read,

use the headings to make an
outline about stress in the Stoios In the Ciriaat

crust, faults, and mountain An earthquake is the shaking and trembling that results from

b the movement of rock beneath Earth’s surface. The movement of
Earth’s plates creates powerful forces that squeeze or pull the
rock in the crust. Thesc forces are examples of stress, a force that
acts on rock to change its shape or volume. (Volume is the
amount of spacc an object takes up.) Because stress is a [orce, it
adds energy to the rock. The energy is stored in the rock until
the rock either breaks or changes :h:me

Figure 1 Stress in the crust
folded this rock ke a sheet of
ribbon candly.





[image: image6.jpg]An es Geologists use the terms anticline
and syncline to describe upward and downward folds in rock. You
can compare anticlines and synclines in the diagram in Figure 9.
A fold in rock that bends upward into an arch is an anticline, A
told in rock that bends downward in the middle to form a bowl is
a syncline. Anticlines and synclines are found on many parts of
Figure 9 A. Over millions of years,  Earth'’s surface where compression forces have folded the crust.

compression and folding of the One example of an anticline is the Black Hills of South
crust produce anticlines, which arch |\ Ihe Black Hills began to form ab 5 million years g
upward, and syrclines, which dip akota. The Black Hills began to form about 65 million years ago.
downward, B. The folded rock At that time, forces in Earh’s crust produced alarge dome-shaped
Iayers of an anticline can be seenon  anticline. Over millions of years, a variety of processes wore down
shiseliftory e coastiof Eygland and shaped the rock of this anticline into the Black Hills.

You may see a syncline where a valley dips
between two parallel ranges of hills. But a syn-
cline may also be a very large feature, as large
as the state of [llinois. The Tllinois Basin is a syn-
cline that stretches from the western side of
Indiana about 250 kilometers across the state
of Winois. The basin is filled with soil and rock
that have accumulated over millions of years.

Anticiine Syncline
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