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You might think Earth is basically a giant ball of rock and sail. This
description is partly correct. Earth is roughly spherical and has a

rocky swrface. But beneath this solid surface, Earth is very differant. 12,664 km

atcurid $he sphiera is its ¥

12,756 km clrcumferense.

398,995 km

Earth Structure and Composition

tumnference: Around Equator 40,064 km

Research shows that Earth is made of several materials. The materials 5,882 sexillion metric tons

. ) 3
ke up different layers. 1,083 bilfion ki

EAG million km?
Structure of Earth :

....... Land Area 148 million fan?
Every time you wall outdoors, you are in  Vter Arem 361 ilfon kir?
contact with Earth’s outermost layer, the ;T;Luevzl fmlz . )
Grust. Based on your own experience, you Sodium 2.3 Werage Distance from Sun 149,573,900 km
know that same of Barth’s crust is made Other 4.0 Verage Distence frarm Moon 384,400 km
up of soil, Beneath this soil is a thick 2;"3’" énggh of bay (o oteton
layer of rock. Most rocks that make up e £ on ey y 23 h. 56 min, 415
Earth’s crust are made up primarily of the ALIC A .
elements silicon and oxygen. As shown in 260 Hements BNEth of Year (one revolution

k al 365 days, 5 h, 48 min, 46 5
the chart, the crust also halds small amounts 8round sun) 5y

of aluminum, iren, calcium, and other elements. Axlal Tilt (° tited an axis

Trom vertical} 23.5°

MORE

Minerals

R R e e i rrns h b raaenr

A mineral is a naturally formed solid
substance with a ¢rystal structure,
which was not formed from living
things. A erystal structure is a defi-
nite pattern in the way that particles
in a substance are arranged. A min-
ezal has a crystal struchwre even if it
daas not have a crystal shape that

you can see. Amethyst {quartz)

If you have ever planted a garden or dug a hole in the ground, you know
that Earth’s crust is made up of soil and rocks, But what would you find
if you kept digging until you reached Earth’s center? If you could dig a
hole to the center of Earth, you would pass through four Jayers. From
outside to inside, these layers are the crust, the mantle, the outer core,
and the Inner care. Each layer has its own chatacteristics.

CRUST

Thickness: 5-1Q km baneath
the oceans; 20-70 km
beneath the continents,
Other Features: Mosty solid
rock Each idnd of mineral has certain properties that you can use to identif
it. One property of minezals is hardness. Hardness is the ability of

myineral to resist being scratched. A harder mineral will always scral

MANTLE

Thickness: About 2900 km
Other Features: High
temperatures (2800-3200°C)
in the upper part of the
mantle melt racks, formlng a .
substance called magma.
Magma flows like hot and
thick catmeal.

comparing the hardness of a mineral to 10 common minerals, Thes
10 minerals make up Mohs’ Hardness Scale. The scale is based on
familiar minerals, not on exact differences in hardness. The differenc
in hardness between rninerals 3 and 4, for exampls, is much less th
the difference in hardness between minerals & and 10. Even though

the scale is not exact, it is stilt quite useful for identifying specimens
OUTER CORE
Thlckness: About 2250 km
Other Features: Made up
mostly of molten (meited)
iran and nickel: Temperatures
between 4000-5000°C

Mons' Harongss Scate For Minerals

Ta remeimber Mahg'

Hardnass Scale, male 1 Taic
. P 2 sentence with 2 Gypsum Fingernail (2.5-3)
INNER CORE the frst Tetters of . ‘
;:L‘;tn:::t:u'::;ugélfdaﬁol:]m each miueral, like The 3 Calgite Copper panny
and nickel; Tempersture :'a:ts::‘ F;";:j; 4 Fluarite
estimated at 6000°C; oalish Qua .
Altheugh the inner core is Couldn't Dance. 5 Apatite Steel blade
very hat, it Is kept soltd due 5 Feldspar Glase 5-5
10 the great pressure of the
layars above it. 7 Guartz
8 Topaz
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*IF Earth wera the-slza of an.apple, the crust would be only as thick as the
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properties used to identify minerals include:

Golor A mineral may be one color or many colors. You cannot
'dentify a mineral by color alone, but color is helpful along with
gther properties,

uster This property describes how a mineral reflects light from
ts surface. Some minerals are shiny like metal or glass (a glassy
uster is called vitreous). Others have dull, waxy, or earthy [usters.

strealt Streak is the color of a mineral in
owder form. You ean find out a miner-
I’s streak by rubbing it across an
unglazed porcelain streak plate. Each
mineral makes a streak of a certain
‘color. This color may differ from the
-color of the mineral.

Crystal Shape The atoms or ions of a
mineral are arranged in a certain pattern.
That pattern may result in a distinct crystal
shape for the mineral. The pattern of the atoms
in a mineral alsp affects its cleavage.

* Cleavage and Fracture Minerals break according
to how their atoms are arranged, Cleavage is the

" tendency of a mineral to break along = flat swface
Where layers of atoms are attached weakly to

. each other, Fracture is the tendency of a mineral
to break in a way that is not along a flat surface.  Haitte

“® Specifio Gravity The specific gravity of a mineral is a compari- S.EJ;;D
son of its density to the deasity of an equal volune of water. usawri .
nding
04 can find mineral Denslty

I'm richl

roperties in a field guide.
Sing such guides along
ith observations and 2

W tests, you can find

ut if a yellow-calored
mnitieral you find is gold

or pyrite (fool’s gold).

A greenish-blacl streak
ells you it is pyrite.

He's afooll -

Rocks

Rocks are solid earth materials formed from a mixture of minerals

! and sometimes other materials. Rocks are classified into one of three
) groups based on how they formed. These 8roups are igneous rocls,
sedimentary rocks, and metamoiphic rocks.

Ige lgneous Rocks High temperatures deep in

ALIO Earth’s crust cause rocks and minerals to melt,
177 Structure forming a liquid calied magyma, Magma that
ofEanh reaches Barth'’s surface ig called lava. Igneous
rocks form when magma or lava coolg and |
becomes solid. Racks that form from quicidy Granite
cooled lava, such ag thyolite, are cailed extrusive
or volcanic and have small Mineral grains. Rocks that form from
slowly cooled magma, such ag granite, are called intrusive or
Plutonic and have large mineral grains.
3EE Sedimentary Racks Pieces of rocks, minerals,
AL emaing of living things, and dissolved miner-
a2 ng‘m; a als that come out of water (such as lime) are

all kinds of sediment, When sediment be-
comes solid material; it makes a sedimentary
rock. Sediment is moved by wind and water
and piles up on land and o riverbeds, lake bottoms,
and the ocean floor, New layers of sediment build up over time,
pressing down on older layers underneath. Dissolved minerals, such
as calcite, come out of the water and cement the grains tegether. In
time, the pressure and cementing form a elastig sedimentary rack,
such as sandstons, shale, and many kinds of limestone. A chemfeal
sedimentary rock, such as roclk salt, forms when minerals come out
of sofution and settle on the ocean floor, An organic sedimentary
rock, such as chalk, forms from the remaing of once-living things.

Sandstona

Metamorphic Rocks Qver time, heat and
pressure inside Barth squeeze and melt
existing rocks. This process changes the
grain size and even the minerals that make
up those racks, forming a new type of rock,
; called a metamorphic rock, Metamorphic

! rock is rock that has been changed in form
by pressure and heat, Gneiss and slate are examples of metamorphic
rocks. Gneiss many form from granite. Slate forms from shale,

Throughout Earth's history, rocks of each type have been cEmtg:c,i
into other types by natural forces, They have l?een b_roken, eat !
pressed, and pushed around over and over again. This constan \
changing in the form and structure of tocks is called the rock cycle.
The Rack Cycle
Y Compacting and cementing

and prassufe

Weatheting
and erosfon

Weathering
and eros

Mefting Caoling and hardéning

Melting Hot temperatures deep inside Earth melt rocks,
forming magma.
Cooling and | Magma that rises from deep insici‘e Earth cools as
Hardening It reaches the surface, hardening into rock. Magma sex
also coods beneath the surface, . ALSb
i ari existing rocks, forming 168 Westharing,
Weathering - Weathering breaks ap : ] :
i i ent to new lacations. Soil, ant
and Eroslon sediment. Erasion moves sedim En:,mn
: diments together. Water catlngls
mpactin, Pressure compacts se > ! 135 Cotig
::d g:mel';gting between patticles svaporates, leaving minerals that Princlples

cement sediments.

Heat and pressure inside Earth melt and squesze ‘
minerals in rocks. This changes the minerals
themselves or their grain sizes.

Heat and
Pressure

The ot tycie shaws many possibie paths rcks
tai kndergo to ehanga fram one form-to anoth-
o, A Eertaln rock may go.through ali or only
smﬁé stages In tha-rock cytle.

Plate Tectonics and
__Mountain Building

AR LR mme T,

Based on your own observations, you may think of Barth as a rigid,
unchanging planet, The TV news tells how parts of Earth can change
suddenly from voleanoes, earthquakes, or fioods. Barth js also chang.
ing slowly beneath your faet, even as you read these pages. Large
parts of Earth ere always on the move, Some parts inove sideways,
white others rise or sink, ’

Continental Drift

RNk s ir e R e g naras e

In 1912, the German scientist Alfred Wegener proposed two ideas
SEE that are now known as the theory of continental drift, The theory of

ALIO continental drift states that Earth’s continents were once Joined ina
138 Eartirs single Iavge landmass that broke apart, and that the continents have
Contients — dfrifiad tg their current ocations, Other scientists at the tiie made

through T fun of Wegener’s ideas, because no one could imagine how continents
' couid have moved. But geologists have found a ot of evidence to
support the theory of continenta] drift, including rocks, fossils,
measurerments, and ocean-floor structures, Today’s theory of plate
tectonies is a more complete picture that includes all the evidence
that the continents have moved and are still moving,

One plece of evidence
is that the shapes of
continents fit together
tike puzzle pieces.
Compare the shapes
of South America and
Africa,

Continents 200 miMion years ago in age of dinpsawrs

Continents today




Lithospheric Plates
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No ore has been able to dig through Earth to see what it's fike inside,

nearer Earth's surface spreads out, cools, and becomes denser. This
denser matetial sinks below the hotter, less dense material. Uneven
heating causes material in the mantle to constantly and

slowly rise and fail in a convéction current.

Convection Current

Couler, densar
material sinks batow.

——= Hotter, less dense
matarial rlses.

As convection curreats move the molten material
sideways, large portions of the crust, called
lithospheric plates, ride on top across Barth’s
surface. The lthosphere is the rocky outer shell
of Earth, which is made up of the crust and the
rigid upper part of the mantie.

.

cAse means a layer in a balf

Earth has two kinds of crust: continental ¢rust s

and oceanle crust. Continents are made of

Continental crust, which is made up of rocks

that are less dense than those of oceanic crust,

Bacause it is less dense, continenta? crust rides scl; . Hayword: Plate Tectonics
1

H . ; Lscllints. o
kigher on the mantle than oceanic crust. u,‘@é e

Plate Boundaries

R e e A R b r R e e s neseath b ey

Earth’s crust is made up of seven major and several minor lithogpher-
ic plates. The plates are named for the surface features that lie on top
of them. The seven major plates are the: Pacific, North American,
Scuth American, Burasian, African, Indo-Austrafian, and Antarctic,
The edges of most plates lie beneath the oceans. Plate boundaries
occur where the sdges of plates meet. The type of boundary depends
on whether the plates forming them are moving toward each other,
separating, or sliding past each other.

Coliding contlnental plates
Makes meuntains
llke the Himalayas

A convergent boundary forms where plates collide. The pressure and
viotence at convergent boundaries produces mountains and bands of
earthquake and volcanic activity. The west coast of South America
with its towering Andes mountains, volcanoes, and frequent earth-
quakes is the location of a convergent boundary. It is here that the
Nezca Plate crunches into the South American plate.

Colliding ocean and
continental plates
Makes mountains lika the Andes

Scientists must use indirect evidence, such as the way earthquake SEE
waves move through Barth, to form a model of Barth’s interior, The ALSO
best evidence supports this modek: Barth’s solid crust lies over a layer 00 Forming o
of melted material cailed the mantle. As material deep in the mantle Hypothesis
is heated, it becumes less dense and rises. At the same time, materia] 177 S,‘“’E::fh’“

Wthio- comes fromithe. - °
_'réeﬁ.'i‘thas"meaﬁihg stanear
- rock. The root word sphere in this

The movement of one plate under another is called subduction.

in Earth's crust ag an erupting volcanc.

e

Caolliding ocean plates
Makes volearic islands
like the Aleutians

A divergent boundary forms when two plates diverge,

or move away from each other. Melted rock from the
mantle can seep to the surface at divergent boundaries
and form new crust. Most divergent boundaries are in the
oceans. Here, they build undersea mountain ranges called
mid-ocean ridges. The Great Rifl Valley in Africa is at the

Subduction happens at converging plate boundarics. When & plate
undergoas subduction, the rocks in that plate are pushed deep into Earth
where they are beated and chanped into molien materiat. This molten
material, which is under great pressure, can escape through weak spots

As rew crust forms at
mig-geesn ridges, ather
crust i3 consumed at
deep-sea trenches. So
Earth's surface dossn't
gt any bigger.

edge of a divergent boundary or: a continent,

Mid-ocean ridge

Separating plates
Makes mid-ocean ridges like
Mid-Atiantic Ridge

A transform boundary forms where two plates slide past each other,
If you Jive on the west coast of the United States you may have felt
the effects of a transform boundary. Here, the Pacific and North
Ammerican plates stide past each other in a north-south direction. The
siiding causes rocks along the boundary to grind against each other
from time to time, causing jolts that you feel ag earthquakes,

Transform Boundary

Sliding plates
Strike-slip boundary like
San Andreas Fault

merican Plates is moving
L d aficisco -8 rate of about 5 om a year, At this
fate, it would taks the-t_wp cities_'a_houfil ifilion years o be side-hy-
side (hut the rats usgally slower). . ‘ '

The Juar de Fuca
plate is a small
plate off the coast
of the northwest
United States, The
mevement of this -
small plate causes
a lot of volcanle
activity,

Map of Plate Boundaries

B e s s s R bt s sy rera s

Earth’s lithospheric plates make up the entire surface
of Earth. Plates are constantly in motion; they move
toward each other, away from each othez, or slide
past each other. Most earthquake and volgano
activity takes place at the plate bounderies,

An interesting featute produced by lithospheric plate bound-
aries is the Ring of Fire, The Ring of Fire is a ring-shaped bel;
of volcanc and earthquake activity in the Pacific Ocean. This
belt is forrmed at plate boundaries where plates of dense oceanic
emst (the Pacific, Nazca, and Fuan de Fuca Plates), move under
less dense continental plates (the North American, Eurasian,
Indo-Australian, and South American Plates).
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Ring of Fire: Dots show where earthquakies
or volcanic activity are commuon.
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Seismic waves provide evidence for the model of

reach nearby seismographs, while only P-waves reach
seismographs on the other side of Earth. So there

must be a liquid layer stopping the S-waves. The
P-waves do not come out where you would expect, so
there must be a change in density causing the P-waves to
bend. The strength, or magnitude, of an earthquake can be
measured using a seismograph. A few different scales are
used to measure earthquake roagnitude. You will most often
hear about the Richter scale. The Richter scale is named for
the American scientist Charles F. Richter, who invented the scale
in 1935. The Richter scale has a range from 1 through 9. Each
nuraber on the scale stands for a ten-fold increase in the size of
the earthquake wave. For example, a magnitude 5 earthquake has
2 wave that is ten times larger than a magnitude 4.

Earthquakes

L L

Press the palms of your hands flat together as hard as you can. While
you are doing that, try to slide one hand past the other. Unless your
hands are wet, they probably do not slids past each other smoothly.
Most likely your hands stay in place until they suddenty slide a few
centimeters, then stop. This is the way movement takes place in
Eatth’s crust. Movement occurs along fauits, which are large cracks
in Earth's crust. Rocks on either side of a fault are under pressure and
get locked together, just like your hands did. When too much pressure -
builds up, the rocks suddenly slide past each other and release the
pressure. You feel the result as an earthquake, or violent shaking of
Earth’s crust.

The place in Earth’s crust where the pressure was released is called
the focus, Earthquake waves, or selsmic waves, spread out in all
directions from the focus like ripples through a pond. The focus can
be many kilometers down in the crust, se usually people talk about an
earthquake epleenter, which is the spot on Earth's sucface directly
above the focus, Barthquakes make three kinds of seismic waves.
Primary waves (also called P-waves) stretch and compress land as
they pass through. Secondary waves (also called S-waves) move land
side to side, Land waves (also called L-waves) form when P- and
S-waves combine. Land waves move land up and down, like ripples
travelling through a pond,

JEE
ALIO
183 Llthespheric
Plates

184 Piagte
Boundaries

Epicenter
Fault

Another saale 1|:1ﬂt-'ls. ofter” )

3 used to meas
Earth’s layess, P-waves travel through solids and quake magitids isthe .
liquids, but §-waves can travel only through solids. " Wasroalll sgf dla; i
When an earthquake occurs, both P- and S- waves * desoribes! magaltude based i
. o haw much dam i

aarthqi.ra!fe‘-calu; 5.

RicHrer Scate

Not felt; recorded on local seismographs
Felt by people; no damage
Felt by most people; causes slight damage near epicenter

Damage caused to poorly constructed buildings and other
structures within about 10 km

Causes major damage to structures up to 100 km from
epicentsr
Very destructive; may cause loss of life over a distance
of several hundred Kilometers
Very rare; majcr damage to areas as much as 1000 km
away .

Source: Geologlcal Survey of Canada

Mountain Building and Volcaroes
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A major force shaping the land is uplift, the lifting of land by forces

in Barth’s crust. Moving plates uplift land, forming mountains. Three
types of mountains are folded mountains, fault-block meuntains, and
voleanic mountains. Each forms by a different type of plate movement,

Place a sheet of paper flat on your desic. Place & hand on one edge of
the paper. Push your other hand against the free edge of the paper.
What happens? A fold, or bulge, forms in the paper. Barth’s crust may
experience the same effect when lithospheric plates collide, In this
case, the “bulge” becomes a mountain range. Mountains formed in
this way are called foided mountains. The Rocicy Mountains of Nerth
America, the Andes of South America, the Aips of central Europe,
and the Himalayas of Asia are examples of folded mountains.

Folded mountains

Mountains can form when blocles of Earth's crust on either side of a
fault are dropped below or pushed above the surrounding land. This
happens where sections of crust are pulling apart or pushing together.
At these places, large blocks of the crust are sliding up and down past
each other. The taller blocks formn fault-block mountains. Examples
of fault-block mountains inciuds the Sierra Nevadas of California,
the Wasetch Range of Utah, and the Teton Range of Wyoming.

Fault-hfoek mountalns




Voleanoes, or voleanic mountains, form when material from inside

Earth reaches the surface. Volcanic mountains are most common at

plate boundaries. Within converging boundaries, heat and pressure

melts rock into magma, which can rise through cracks in the crust.

When magma is forced up onto Earth’s surface, it becomes lava that
" hardens into rock. At diverging boundaries, where plates are pulling

apart, magma rises through cracks and forms the mountains at mid-
_ ocean ridges.

¢ Abraston Moving water and air (wind)
can carry sand and other particles. When
these particles sirike rocks, they chip
away the surface, much as you would if
you rubbed a rock with sandpaper.

@ Plant Actlon Plant roots can grow in
cracks in rocks. As roofs grow, they
break apart the rock.

Volcanoes are classified inta three types based on how they form.
Chemical Weathering

R R P PP T

Chemical weathering changes the chemical makeup of rocks and
minerals. Chemical weathering can remove certain minerals from
some rocks. It can also change the minerals into new substances.
" There are two main types of chemical weatheting,

Ginder cong velcano
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iy Weathering, Soil, and Erosion
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Barth's surface is constantly changing. Movements at plate bound-

aries build up Barth’s surface, forming mountains. At the same time,
two other processes wear down Earth’s surface. Weathering changes
Earth by breaking rocks and other matter into smaller particles called -
sediment. Erosion sweeps these weathered particles away.

Weathering breaks up rock into
smaller pieces, much like you might
do using a hammer. Unlike using

a hammer, the weathering of rock
innatate is a gradual process, No
matter how slowly, sooner or later,
every rock that is in water or air will
be weathered away. There are two
main types of weathering: mechanical
weathering and chemical weathering,

often from a higher to a lower -
zlevation.

Mechanical Weathering

Mechanica! weathering, alsc called physical weathering, takes place
when rocks are broken apart by a physical force.

° lce Wedging When the temperature drops below the freezing
point of water (0°C), water in cracks turns to ice. Water expands
as it freezes, pushing apart the walls of the crack.

Release of Pressure
When a large mass of
arock such as granite
reaches Earth’s surface,
the pressure on it is
reduced. There is evidence
that this release of pres-
sure can cause pieces of
the rock to flake off. As
they start to flake, chemi-
cal weathering helps to
speed the process.

Rayward: Weathering/Eraston

scf A r
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e Qxidation The red-brown crust called rust is iror oxide. It forms
when oxygen joins chemically with iren. Oxidation is the joining
of oxygen with other substances. Oxidation can weaken and
crumble rocks as well as metal.

* Dissolving by Aclds Water can dissolve minerals. Water that con-
tains acid dissolves minerals more quickly than neutral water. gEE
One source of acid is acid rain. Acid rain can form when chemi- ALZO
cals givea off by factories, power plaats, cars, and volcanoes join 180 Rogks
with watet vapor in the air. This forms acids that retumn to Barth  ge; piqpan

in precipitation such as rain and snow. Some plants and fungi
alse take acids as they carry out their life processes.

Carbon dioxide that mixes with water forms carbonic acid. This
acid dissolves celcium carbonate in rocks such as limestone. As
water containing calciutn carbonate drips from cavern ceilings
and dries, it leaves behind stalactites, icicle-shaped spikes of
rock hanging from the
ceilings. Other spikes
called stalagmites
form when water
drips from the stalac-
tites onto the floor

talactites -

and then evaporates,
leaving solid minerals
behind.

Soil

L R P P T P

Sail is a mixture of rock, mineral particles, and organic matter.
Weathering forms the rock and mineral particles of soil. These parti-
cles are inorganic parts of soil. Other inor-
ganic parts of soil are the water and air that
fill the spaces between soif particles.

In fife and sarth soi-
€nces, inorganic sub-
stances are these that
ware not formed from
living things. Organic
substences ars those
farmed by ilving things.

Most organjc material in soil, called
humus, comes from decaying animals and
plants. Living things, such as bacteria and
fungi, break down plant and animal
remains and form humus.

Soil is mads up of layers called horlzons.
It takes thousands of years for a soil to
mature. Mature soils have four horizons.
Less mature soils have fewer horizens.

Harfz_un 0 Mostly decaying leaves, twigs,
and animal remains and wastes

Horizon & (topsell) Loose soil thal is rich
in 8 organic material needed by plants,
such as humus and nitragen compounds

Harlzon B (subsall) Rich in minerals, such
as fron and aluminum compounds, that were
washed down fram Horizon A by rainwater;
Horizon B alse contains humus end clays,
the tiniest soil particles.

Harizon € Mostly pleces of weatherad rock

Soil horizons are home to a varisty of living things. These include

AEE b ; .
ALTO DUrrOwing animais such as groundhogs end moles, and smaller
156 Feait animals suc]lq a8 snax_ls, WOImS, ants, spiders, and centipedes, Many
Kingdam plants, fungi of ali sizes, and microscopic bacteria and protists alse

live in soil.
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Review Questions

The layer of rock at Earth's surface is called the

. Alarge area of Earth's surface is covered with

- All rocks are made of solid compounds called

. A mineral's is the color of its powder.

1
2

3

4. A mineral can be identified by its and chemical properties.
5.

6. Rocks are classified by their method of

7

Place an "X in the column for which the description is true.

DESCRIPTION igneous | Sedimentary Metamorphic
a. | Pebbles cemented together

FIGURE &, WEATHERING BY EXPANDING ICE

b. { Found in an area of voicanoes

c. | Most common at surface near water areas ] _.wwomS: u.m the Eoﬁﬂm:ﬂ of sediment to a new location. The driving force behind erosion is

d. | Contains Tossils gravity. Gravity can act directly or through agenis of erosion such as moving water, wind, and glaciers,
" Gravity can act alone to move sediment downhill. Wind erosion occurs where soil is loose and

e. [ Rock exposed to extreme pressure and heat "

. unprotected. Wind erosion is common in dry climates and along beaches, Glaciers are masses of ice
Layers of sand compacted together that move slowly downhill. As the mass of ice moves, the glacier pushes sediment ahead and carries

f.
g. | Magma cooted and hardened sediment that is frozen in the ice.
h.

Made of minerals

AGENT ACTION EFFECTS ON SEDIMENTS COMMON
Weathering and Erosion - . LOCATION
‘ . . gravity Pulls loose or wet materials down mixed sizes hill slapes
Many forces wear away Earth’s surface and change its appearance, Weathering breaks rock cliffs or steep slopes. angular particles
into smaller pisces called sediment. Soil is made of weathered rock, organic matter, water, and air. moving water Moves sediment, faster currents carcy | Particles are rounded, smoothed sad worldwide the
{streams, runoff, iarger particles. sorted by size, density and shape, most common
Drean currents) agent of erosion
wind Moves loose, dry, fine sediment ‘Weil sorted by size and density. arid (dry) climares
Smaliest particles can te carried long
distances.
] glacier Removes rock materis] off valiey walls { Rocks are scratched, Aat sideg produced. | cold, humid
Topsoil with and floor. Drags sediment along Mixed sizes, ranging from micrascopie | climates
organic matter . boltom and in jce. clay to boulders,
FIGURE 7. AGENTS OF EROSION
FIGURE 5. 3 i i i i i
SOIL FROFILE Moving water is the most common transporting agent of sediment on Earth. Rivers move sediment
Subsoi downsiream toward the mouth of the river. At the shoreline, ocean currents and waves mave sediment
. along the coast.
Deposition occurs when sediments are put down in place when the erosion agent stops or slows
down. Erosion wears away Barth’s surface and deposition builds it up,
Weathered rock
Review Questions
Bedrock

8. Weathering breaks rocks into small pieces called

1RG
Weathering occurs when rocks are exposed to atmospheric gases, water, and the weather,

Weathering of bedrock is caused by the action of expanding ice, temperature changes, animal and .
plant activity, and the action of chemicals such as water or carbon dioxide. ‘Weathering is most affected
by climate. Air and water poliution have increased ihe rate of weathering in some locations.

9. Organic plant and animal matter are found in the

10. The weathering of a rock by frost action is most common in -_— . climates.

11. The force behind all transporting agenis of erosion is

12.  Sediment is moved by in a desert,

13.  Most sediment on Earth’s surface is moved by
14, The of sediment will buitd up the land.

Earth’s Interior

The structure of Earth's intertor is known by analyzing the behavior of carthquake waves as they
travel through the inside of Barth: Earth is divided into four layers: crust, mantle, outer core, and inner

roawe Harh lnoar han sveafeeas oo f




The crust is the thinnest, outermost layer, which completely surrounds Barth. It is the Jeast dense
tayer. The crust is made of continental crust, which makes up landmasses, and ocean crust, which
makes up the ocean floor.

The upper part of the mantle is a liquid-like plastic that the crust “floats™ on, Beneath this the
mantie is a stiff solid. .

The outer core is above its melting point, therefore this layer is a liquid. Tts composition is liguid
iron. The inner core is very dense and very hot. It is solid iron end nickel. The elements that make

up the core of the Earth are believed to be the same as those that are found in some meteorites.

I Lithosphera Present Positians *
Cascades ém.bn_ma”_n KEY of Continents
e-idge
Trench 9 hh.ﬂw.n_ﬁuu.
O

Similar rack

e

Evidence of
glacialon

FIGURE 8. EARTH'S INTERIOR

Millions of
(Not drawin to scale) Years
Review Questions Matching Areas Before
in South Ametica Present

and Africa

18, The structure of Earth's interior was discovered by studying waves.

16. Earth's interior is divided into layers.

FIGURE 10. EVIDENCE FOR CONTINENTAL DRIFT
The Theory of Plate Tectonics explains that Barth's lithosphere is divided into a series of plates
that “float™ on the partially melted section of the upper mantle. The plates are constantly in motion due
- to convection enrrents in the mantle, Convection currents are caused by density differences. The
flow of these convection currents move Barth’s crust. Plate tectonics provides the mechanism that
moves the continents.

17. The composition of Earih's core is inferred 1o be the same as

18. The diagram shows the four layers of Earth’s interior. Select the letter described,

{ Nat drawn o sczle )

iran and nickel.

a. Soli

b. The ocean floor.

c. Crust floats on its “plastic” section.

d. Largest section of the interior.

e: Liquid iron layer.

f. The outer core.

g. The manile.

Snadwich

Crustat Movements

There are many evidences that prove Earth’s lithosphere has moved in the past. Displaced rock
layers provide evidence for crustal movements. For example, marine fossil shells have been found
high in the mountains, suggesting that this land was once below sea level and later uplifted. Some rock 3
layers are observed to be folded (bent), tilted, or Faulted {cracked). { :

. : Mid-ocean ridge

FIGURE 11. LITHOSPHERE PLATES -

Major crustal movements have affected large portions of Barth’s lithosphere. The Theory of
Continental Drift states that the present positions of the continents are different from those of the past. Continent
The continents were and still are moving. Evidence that the continents were once together is that the
continents fit together like pieces of a jig-saw puzzle and there are similar fossils among different
continents. Today, the continents have different plants and animals. '

Continent

2




7 Crustal Em.nmm may collide or subduct and forim mountains, slide past each other in faukt zonas, or
: move away from each other forming new ocean basins. The edges of plates are geologically active
s0nes of crustal movement wheze earthquakes, volcanoes, and new mountains occur.

19.
20,

21.

22,

23.
24,

Subduction Divergent Transform Convergent

FIGURE 13, INTERACTIONS BETWEEN CRUSTAL PLATES
Review Questions

Folded, faulted, and tilted rock layers suggest that Earth's crust
Evidence that the continents were once together is that their ouilines appear to

tagether.

Anacther evidence that the continents were once together is that they have many of
the same
The Theory of Plate Tectonics describes Earih's lithosphere as being divided

into separate sections called

When two plates collide a may form.

Volcanoes and earthquakes are common aiong the of plates.
Earthguakes and Volcanoes

Volcanoes form in weak spots in the crust where molten material or magma comes to the surface.
Lava that flows out of the volcano will harden and form new land. Ash, dust, rocks, water vapor,
carbon dioxide, and other gases are thrown out of volcanoes.

Volcanoes are very hazardous, Lava will flow, setting fires and burying everything in its path. Ash
can cover entire towns. Volcanoes can cause landslides and mudslides. Clouds of ash may be blown
mto the upper atmosphere and remain there for vears. This can block sunlight and cause a colder
climate.

Earthquakes are a natural shaking of Earth’s crust. They can be caused by volcanic eruptions, the
movement of rock along a fault, or plate movement. Earthquakes can cause damage to rock structures
and buildings. Landslides may occur in areas where there are hills or loose soil.

Geologists rave located the sites of volcanoes and earthquakes. They have observed that there is
a pattern o where these occur. Most voleanoes and earthquakes oceur at the edges of actively moving

-crustal plates. The most active sites border the Pacific Ocean, comumonly known as the “Ring of Fire.”

Volcanoes and earthguakes ate also common from the Mediterranean Sea to India and along the
mid-Atlantic ridge. ’

FIGURE 14.
THE DOTTED REGIONS ARE THE MAJOR EARTHQUAKE ZOMES, THE S0LID LINES ARE THE MAJOR YOLCANIC BELTS

25,
26.
27,
28.

Review Questions

Volcanoes form in weak spots in the

can flow out of volcanoes and set fires.

The natural shaking of Earth’s crust is an

/_“o_nm_._omw and earthquakes are commaon along the of crustal
plates.

._.:m,_m_:un_,«_u:m:_.mq.oaﬁon:._mﬁm_mnnsem_o:mEm mm_m_mgaﬂ:m
Ocean. -

1. The layer of rock and sediment on Earth's surface is the
{1) almosphere (2) troposphere (3) hydrosphere (4} lithosphere

2. The hydrosphere is mostly
{1) salid rock (2) tiquid rock (3) fiquid water (4) gaseous water

3. Innermost layer of Earth is the
(1) inner core (2) ouler core (3) mantie (4) crust

4. All rocks coniain
{1) fossils (2) sand particles (3) minerals (4) air pockets

5. Rocks and mirerals can be identified by thair
(1) color (3) minerals
(2) physical features {4) mass

Base your answers to questions 6-7 on the diagrams below which illusirate three physical
tests used to identify minerals.

Test A

M_.shc separaie
al pieces —_
A5sa  —w Hiton the side —p m o’ .
& with a wedge . i
Minaral #1

Test B

Gray/black powder
-y Rubbedon —s
an unglazed

porcelain plate

Mineral #:

Scralch in glass
% > RlbbEdONE oy
glass sguare

Mineral #3

6. Which diagram iflustrates the streak test?

{1) TestA (2} TestB {3} Test C
7. Which diagram iflustrates the hardness test?
(1) Test A (2) TestB (3} TestC
GeaLosy .



Base your ma.m.?m..m to a:mm.muzw uk_n on the ammmqm..d. of the Rock Cycle below.

1

1

12.

16. Which two processes cause the formation of soil 7

17,

18.

Buriai

SEDIMENTARY
ROCK

) pAGIot Pressure
/»mw«so —Wnﬁﬁ:_n

Weafhering & E0s0"

8. lgneous rocks form by the
{1) cementing together of lnose rock particles
(2) coofing and hardening of liquid rock materiai
(3) intense heat and pressure on rocks
{4} compaction of sediment

9. Rocks that contain sand particles and fossils are classified as .
{3} sedimentary

(1) igneous {2) metamorphic

0. Metamorphic rock can form from

(1) magma and lava

(2) deposited clay and sand particles
{3} any type offock

(4) igneous rocks only

1. The diagram shows the formation of a sedimentary rock.
Which two processes farmed the rock?

(1) beat and pressure

{2} folding and faulting

(3) compaction and cementation
(4) melting and hardening

Sedimentary Rock
Which processes change sedimentary rock into metamorphic rock?

(1) erosion and deposition (3) heat and pressure

(2) melting and solidification (4} evaporation and condensation

(1) weathering of rock and decay of organic matter
(2) weathering and faulting

(3} decay of plant matter and condensation

{4) evaporation and condensation

Which is an example of physical weathering?

(1} cracking of a rock by freszing water

{2) movement of sediment down a hill

{3) reaction of timestone with acid rainwater

(4) formation of a sandbar at the mouth of & river

The main force that causes movement of loose rock material over Earth’s surface is

(1) gravity (2) giaciers (3) wind {4) ocean cumenta

19.

20.

21.

22,

23.

24,

25

26.

27,

Most erosion on Earth is caused hy:
(1) wind (2) moving water

The process that breaks solid bedrock into smaller pieces is known as
(1) physical weathering (3) erosion
(2) chemical weathering (4) deposition

(3) glaciers (4} ground water

The movement of loose sediment and rock material is known as
(1) physical weathering {3) erosion
(2) chemical weathering (4) deposition

Base your answer to questions 22-23 on the following diagram which shows a stream
entering the calm waters of a large lake.

llm.z.mm.a__

Which process occurs when the stream drops its sediment on the take bottom?

{1) physical weathering {3) erosion
{2) chemical weathering (4} depaosition

According to the diagram which size sediment is dropped first by the stream when it slows
down?
(1) very large (4) very small

(2) large (3} small

The dlagram shows what happens to rock carried by a stream as time passes.

Which process of change is represented by the diagram?
{1} deposition (3) condensation
(2) metamorphism {4) weathering

Refer to the cartoon below.

PEANUTS
AND A THOUSAND YEARS FROM NOW
"PEOPLE WILL LOOK AT WHAT WE HAVE BOILT
HERE TOPAY, AND BE TOTALLY AMAZED...

B8y CHARLES M, ScHy

.m,
e

The cartoon character on the right realizes that the sand castle will eventually be
(1} folded (3) eroded
{2) metamorphosed (4) deposited

The collision between twa crustal plates can cause the formation of

(%) an acean basin {3) a mountzin range

(2) a vailey (4) an Island

Fossils of organisms that lived in shallow oceans have been found high up in mountains.
This is evidence of
(1) erosion

{3) weathering




28. The diagram shows land features
that have been displaced by

(1) faulting
(2) folding 33. Which position is closest to a major earthquake and volcano zone?
(3} landslides
4 d ition 1600 120° @i 4 o 40° _ BO° _ 120°  q60°
(4) depositio o0 [T ] - el [ |
| i A \%
Base your answers {0 questions 29-31 on the diagram below. . \lv#j JV.
The diagram shows how scientists think some of the continents were connacted in he past. . 40 \ \M £ .M{ - w
20 /rﬂ =) oB {U/‘\/ S A
o 4.1.1-)..... -y L~
20 hoA D W.\@ ﬂn«% j
N ) oD ~
40 W .J.,..v L
607 ]
(1A (2)8 @c 4o

34. The diagrams show cross sections of exposed bedrock Jayers. Which cross section shows

29. What evidence suggests that the continents were once joined? the least evidence of crustal movement?

(1) shapes of the continents appear to fit together

(2} same fossils of plants and animals are found on all these continents
{3) same rock structures exist where continents would have been joined
(4) all of these facts are evidence of contintenta joining

30. For the past 250 million years, Africa and South America have
(1) rotated around each cther
{2) moved further apart : .
(3) moved closer together . 35. A student plotted the locations of a major earthguakes for the past twenty years. This map
’ : shows that most earthquakes occur

(1) near large rivers (3) at the edges of crustal plaies
(2} in the tropics (4) in the inner core

@

3. The Theory of Plate Tectonics suggests that the continents move because of
(1) Earth's orbiting of the Sun
(2) Earth’s rotation
{3 the convection of heat energy in Earth
(4) the Moon's gravitational pull on Earth

32. Which set of geologic events are found in the same geographic zones?
{1} mountain building, earihquakes, volcanoes
(2) mountain building, fossil formation, volcanoes
{3) <o_nm:omm.. earthquakes, deposition of sediment
(4) earthquakes, hurricanes, fossil formation
177

GEoLogy

176 CHAPTER 10




