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Ear thquakes and Volcanoes

) The BIG Idea

There are no right or wrong answers to these questions, Write

student-generated questions produced during the discussion on

chart paper and return to them throughout the chapter,

Guiding Questions

@ whot are earthquakes and volcanoes?  Use (his question 10 035055 sfugents

B How i activity that happens below
Enrth's surface related to

prior oboul earliguekes ang
vecanoes. Expiain fhotf you are nof
logding for on exaci definifion; rather, in
thaly owe woeds, Wwhat studhents ik
emthguakes and valionoes ane, or offer
facts they may kmow apoud them.

This guestion hedos students fo harf
thiriking abouf ine reiationsiip betwean

earthquakes and volcanic evuptions? macesses it ihe ifhosphers ang

O vy 1s 1t important for sclentists to

wsthenosphere ond events thal oocwr af
Earth's surface. Earthquakes and
iniconic erupiions ofe coused by
pracesses inking ploce below Eavih's
Surface

Studants shoud understand that
tollecting and analyzing dein atout
condilians befove, during, and offer ane
of these ewnls helps schentisis assess
the Wk ood af fufure events.

Where Do Volcanoes
Form?

Fivn Whards weis U6lukg ohoul vocanoes They sach Fud diftesni
e AUl wheen VORCE o form Thin iy what ihey it

Ot | | ierk mn sl volktanoss form ower bot spots in Bhe o osen.

foar i plares wWhErE 1L W

Fouwstl | think mct wplnarsses, B 0y 56080 w80 e sl
B GCOUL

Rramhia | § think mesi wole snmes form in areas where Biere are na
EES LN TR

Al ) menk wek anoes dai boii anpwhers an Bhe sarth. Thers s
iy pearticilar wea i whese volcances s mass lkety bo form

Chiche The Iiena wilh wiam ye mssk sores. Erpimen wiy you Ages
il i B S

Chesdm § Lor—e=anr ane Vet seies. BB

Where Do Volcanoes Form?

Answers to the Page Keeley Science
Probe can be found in the Teacher's Edition of the
Activity Lab Workbook.

Get Ready to Read

What do you think?

Use this anticipation guide to gauge students’ background knowledge
and pre conceptions about earthquakes and volcanoes. At the end of
each lessan, ask students to read and evaluate their easlier responses.
Studerits should be encouraged to change any of thelr responses.

Anticipation Set for Lesson 1
1. Earth's crust is broken into rigid slabs of rock that move,
causing earthquakes and volcanic eruptions.

Agree. Earth's crust consists of slow-moving tectonic plates that
collide, resulting in earthquakes and volcanic eruptions.

2. Earthquakes create energy waves that travel through

Agree, Earihquakes propagate primary waves, which travel
through Earth's interion,
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About the Photo Why did this building collapse? San
Francisco was roughly 100 km from the epicenter of the Loma

Prieta earthquake, and the seismic waves reached the city within

20 s of the start of the quake. The city was without power for
three days after the earthquake, and many fires started as

buildings collapsed. An aftershock with a magnitude of 5.2 struck

37 min after the initial earthquake. The total estimated dama
the earthquake was about %6 billion.

Guiding Questions
€ why do you think bulldings and other If energy couses e ground to move,

structures callapse during then sinrclures supporied by the growmd
sarthegiakes? will be offected.

@D Wiy are earihquokes common in | Studonts may know that easthguake
Calllornia?

achwily i5 oRten rewried o the movement
mong piole bopndanes. if a0 ared 15 ovel
oF ear o phote doundary, & il
experience porthquokes mare Fequently
thon ofher preoas,

ﬂ What do you think sclentists can leamSoentisls con am more aboud how fo
by studying the damage caused by anLuld sorthquike-resstant Biicings or

varthquake? e @iEEt groundg condifions, such as
wel. loose sediment. offects Lve omourt
of gamane,
304 Chapterd

What causes earthquakes?
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e fan riog
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& Pz B bogk on e hie s 1hai Be sty i sancceges
trars
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T g ones s eapererar Podel e boldis o8 sliess Somg B
Rait?
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et

LAB Manager

Labs can be found in the Student Resource Handbook and the

Activity Lab Workbook.

@Essemial Questions
After this lesson, students should understand the Essential

ge of guestions and be abie to answer them. Have students write

each question in their interactive notebooks. Revisit each
question as you cover lis relevant content.

Vocabulary
Word Web

1. Write the term seismic waove on chart paper or the board and
circle it. Draw three spokes coming from the bottom of the
circle and a circle at the end of each spoke, Fill in the circles
with the terms primary wove, secondaory wave, and surfoce
wave, respectivety.,

2. Ask: What are some examples of different types of waves?
sound waves, light waves, waves in water, microwaves What
Is a wave? A wave is o disturbance that tronsfers energy
through matter or space. Explain that selsmic waves travel
through rock. Seismic waves transfer energy from one paint
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Rock Deformation

Ad the beginmeng o ibe feson, you red thai ssmhapuakos
wiwigy b aimilir o bemding amal beeaking 3 wwh. Boska
b Earih'y murkew beierve e s v When 5 fons
I agrpltied 10 2 by i ok, Uepermling o i gt of
e ek and thel bive gopled, e ncl onghs bend o
larai

Wik & farce mich @ pressae & djqiled 2 ok sbong
plaie bocrslaties, the mck o shaige shups. This s called
ok dhefrmarion. Fusnnmlly 1 ks cim te el sl
o e b by il aisal pucen Figeres 1 koo lem
rock desreusion oan Feull | ihgplaemern wmicws
1 pimch iy ban fes i remand dimplae
s abud | cousnd che shiasm i changs diremon

Faufts

Wolken wrem iy i plaoes ke o plae boumsdary. sxcio
e e ks A Bt 1 0 il B Barie Saspleey sl
s bk of el s wnamd, aper Tam oF st ittt
Al G B LR B G s Sy 8 ik o sl
ke my o, The dicsviin ko rocis s o @il
uihe wdl fher nuk depends on che froes gepled o the Gl

Earthquake Focus and Eplcornter

Wlerit oo merer sbomg 2 G, ihey prlease e 1l e
e e amd m S caiind sedsendr waves. 1Tlewr e
gty perer ook fird sy ol de el @l o locires wae
Eath enre! i oo Eirthouaslm oo omnur sincwbam
Dt wan Fandih aslace sl depi e of gredter et doil km
When v wairh 3 mews e, e poprey shan will idemi
the eartbspuirs spremer The sploenier & ife Lonis =
Fartive sy dbeniy afves il st fopite s e Figese 4 du
the welemsahs bt ween i earthapakey ncim and io spaoemer

T 0 T Do T 8

Seiamic Waves (1S TV, )
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il st . Sl wave ] savand @l
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Rock Deformation Faults

Students might have difficulty grasping the idea that rocks bend, Remind students that, like the motion along plate boundaries,
break, and move. Have students think about the amount of force itblocks of rock along a fault can move toward each other, away from
must take to break and move rocks in Earth's crust. Use the each other, or past one another horizontally.

scaflolded questions below to informally assess your students’ Guiding Quest
comprahension of this concapt.
% what 15 o faul?

Guiding Questions
% what couses a rock to change shape?

A faull s o break In Eavi's hosphere
wiere blocks of rock move in opposite

A rack e chonge shape whon o farce, siresina

SUCH @5 NESSUE, i apied aiong plafa
Doungioes. Lo mﬁwvmnm move along An eorthguoke soours.
a LE

W winat is rock deformationt Rock deformotion ocoies when o reck

changes shape, @ what determines the direction of | The fype of foices anplled fo the fowt
mm‘mmﬂm-ﬂnﬂﬂ“m determings e direction in Wil focks
€D How can rock deformation resuitin | Eventuatly 10cks can become so mave on either side of the fault
ground displacement? deformen thaf Mey iieak and move.
WInen rocks move, ghound cispioceml
OO BCEA

308 Chapter 9
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Explore | Explain | Elsborste  Evaluate

Visual Literacy: Types of Faults

Lise the text and figures in Table 1 to differentiate between thiee types of

faults: strike-shp, normal, and reverse faults

Ask: Contrast normal mdi
reverse :
Normol faults occur along
divergent plate boundaries.
The rocks move apart, and
the rock on one side of the
foult moves down relative o
the other side. Reverse
foults occur along
convergemt plate
boundaries. The rocks move
toward each other, ond ihe
rock an one side of the faull

s pushed up relative o the
other side.

Have students use the Foldable to organize their notes about
types of plate movements and the activities that result from the
movemeants.

Guiding Questions

Reading Chack: What are the three  shbe sap, Rormal, reverss
types of faunts?
D Where do sirike-slip faults oceur? Sirtke-slip fouifs scew oioag ronstorm
paie bowndanies

Seismic Waves
Have students read the text aboul seismic waves. Use these
scaffolded guestions to check students’ comprehension,
Guiding Questions

@ whint produces sermic waves?

The ropid Tefese of energy along o foul
PO SeTmic Werves

3 Wy is ihe anaiogy bebween ripples  Wnen o sione fifs the surfoce of wale:
produced by a stone dropped In the  ripples movs ouf in alf alacbions. 45 ey
wiater and the movement of selsmic  move farther awoy, (e Hipples hove less
wWaves away from an eplcenter ENEITY, SO WOVES Mave outward i
apprapriate? ol direchions from the epicenter of an

earthauoke. As tney trove? outvard, they
dedreose In energy

O Ciy & is 100 km from the epicenter of Clfy & wil probolly hae e mast grouwnd
an earthquake, City B Is 55 km, and  movemsnot. fodowsd by Oly 4 then Oy
City C s 128 km. Ovder the cltles, fromAsiuming Ihat IWFe 068 00 Figor
mist to least. in terms of ground differences in fhe fypes of bedrock, the
movement as selsmic waves reach  former o location &5 rom the epicenter of
them. Explain your reasoning. an egrthquais, ihe less the ground moves.

€» Onlevel @@ Approaching Levidll® Beyond Level

Differentiated Instruction

% particles in the Ground Have students draw a cartaon
strip of a particle in the ground that experiences the three
types of selsmic waves in an earthquake, Post the curtwnsi
for the class,

€ skit Have students perform a short skit of the particles
in the ground experiencing the three types of sefsmic waves
in an earthquake.

o Teacher Toolbo Sk R ]

Teacher Demo

Meodel Seismic Waves Use & coiled spring to model particle
movement due to primary waves and secondary waves,
Have a student volunteer hold one end of a colled spring.
Stretch the spring so there s tension on the colls. Have a
second volunteer pinch several coils together on the top
and bottom of the spring, then release the coils. Have
students obsende how the coils move. Ask: What type of
wave does this model? o primary wove Next, shake the
spring so that it moves in a snakelike manner. Ask: What
type of wave does this model? o secondory wave

Reading Strategy

Word Origin The word selsmic comes from the Greek word
selein, which means “to shake” Ask: How does this relate
to earthquake events? The ground shakes during an
earthguake.

Lesson 81 Earthquakes 309
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Mapping Earth's Interior
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Types of Seismic Waves

There are three types of selsmic waves that account for how
particles in the ground move during an earthquake.

Guiding Questions
€™ what is the difference between Surface waves only trovel on Earhs
surface waves and primarny and surface. Primarny Gng Seconaany waves
secoRdary waves? aiso trovel vough Eavih's infnor
Reading Check: Describe the three  Primovy woves couse particles in fhe
fypes of sedsmic waves. o move it g push-pull mobion.
odaTy woves couse poviices fo move

B winat characteristics do sclentists use
to classity selsmic waves?

of Fighl cogies rekilive [0 De dire fion of
the wove. Surfoce woves couse particies
o move in @ rodling modion

Screnlisls cArssiy sesmic woves based
on wave molion, wove spesd, and the
fype af moterial e waves can rovel
I

Science Use v, Common Use

primary

Ask: Why is primary an appropriate adjective to use 1o describe
primary seismic waves? Primary means “first ™ Pimary woves ore the
fastest seismic waves, and they are the first wowes that cre feft in an

egrthguoke.

310  Chapter 9

Visual Literacy: Properties of Seismic Waves

Table 2 helps students visualize the differences among the three types
of seismic waves, Use the diagrams and questions below 1o check

students’ comprehension,

Bsk: How are particles
in the ground affected by
waves? Poviiclhes
move back and forth, in g
push-pull molion, as
primary woves poss
through Earth's interfor,

Ask: Contrast the

Azl Place the three types of seismic waves in order of fastest to
slowest. primary woves, secondory Woves, Surface woves
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Mapping Earth’s Interior Differentiated Instruction
Scientists study seismic waves not just to learm more about
earthquakes, but also to learn more about the structure and ®® sequence Have students make a chart that sequences

characteristics of Earth's interior. Recall from the previous page that  the steps Involved In triangulation.
S-waves do not travel through liquid. Remind students that like light ﬂ' Trangulation Hawve students write a paragraph that

and sound waves, when seismic waves travel through media with explains how triangulation works. Students can supplement
waves.

G
mm H.m ol|+ll|-|ll+-|ll+lll|-ll|--|-|-|--ll+|l+|-|--l

O pow do scientists loarn about Earth's  Seienfiste wse the progertios of seimic

Inforios? waoves fo mop Earth's infenor layers Careers in Science
Seismologist Scientists who study earthquakes may spend
mm e mﬁw ?fﬁi‘mmm::f time in the field and in the office. Some seismologists help
through the oular core engineers to build earthguake-resistant structures, while
others use computers to analyze data collected befare,
O poscribe w::ummﬂm Tine h’l;‘;'m*ﬂ slich f m::? ot cone during, and after an earthguake. Seismologists can conduct
inner z s liguid, ofe moge drown
prs s e gy, ol research and teach at universities ar work for the
iiterkel government.
Fun Fact
Visual Literacy: Earth's Interior Although California earthquakes are often used as

; examples for earthquakes in the United States, It is Alaska
The graph in Figure 5 shows how seismic waves change spead and
direction as they move through the different layers of Earth. that is the most earthguake-prone state, according to the

United States Geological Survey (USGS). Almost every year,

Alaska has an earthguake with a magnitude of at least 7.
Ask: What happens to P-waves and 5-waves at a depth of
2,500 km is the liguid outer core. Pwoves drostically in Find the Epicenter Have students work (n pairs to
speed from about 13 kmv's to aboul 8 kms. trianguiate the eplcenter of an earthquake. Provide students

with copies of a world map, a ruler, and a compass. The
map should have a scale and points that locate and lakbel
the cities of Sao Paulo, Brazll; New York, New York; and
Paris, France. Give students the following data, The distance
to the epicenter for the three cities on the map was as
follows: Sao Paulo, 8,000 km; New York, 5400 km; Paris,
1,500 km. Have students use the map scale, the ruler, and
the compass to triangulate and locate the epicenter. The
epicenter is in Lisban, Porfugal,

0 2 4 6 B |0 1 4
Velocity (k

Ask: How does depth affect the speed of P-waves in ﬁ 4
outer and inner core? As depth increases, P-waves ”
in speed, from about § kav's fo about 11 km/'s. f

o ¢

1B=

€» OnLevel @@ Approaching Levdll®  Beyond Level Lesson 81 Earlhquakes  3M
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Locating an Earthqualke's Epicenter
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Locating an Earthquake’s Epicenter
Sclentists use information from instruments called sefsmometers
and the graphs that they produce, called seismograms, o locate
the eplcenter of an earthquake. Use the scaffolded questions to
assess students’ comprehension.

€ suppose P-waves from an earthquake Find the jog fime, wiich is 42 5. One

arrive al a selsmometes location 8t wowk! pse NS Ang tee 1o fing the
1251 ana 21 seconds. Swoaves from  aishance frovr the seismomater fo ihe
the earthquake arrive at the same apicenter
sefsmometer al 12:52 and 13 seconds.

How would you use this information o

egin to find the epicenter of the

Guiding Questions
‘mummml A seismomoler &5 on insinmen! thal
Selsmometer and a selsmogram? MEOSATES rourd modfan ong infovmation
about SEEMcC Woves. A SeSMOGReT i 0
grophicor ustration of earifpuane woves.
W Expiain the steps imvobved in First, scientists defermine the aifference
triangulation to find the epicenter of  between e orival time of the frst
an aarthguake. Powvove and the firs! S-wove. They then

312 Chapter®

USE M indormnation 1o fing he distonce
froem [he safsmameler (0 [he apicenter.
Then scronfisls measue thot distonce
frowm [he seismometer on @ mag. They
dirgry @ cirche with o rogius of thaf
disigace. Fhese steps are repeated for ol
leas! heo otfer sefamomelers. The poind
witere the bhree circiles infevsect s the

epicenier of the earthguake.

quale?
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Dascribing Earthquake Intensity
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Describing Earthquake Intensity

A third way sclentists can describe the intensity of an earthgualke
to use the Modifed Mercalli scale, which describes the damage
caused by an earthquake. The intensity of the earthquake is
related to the extent of the damage that it causes. Explain to
students that different locations that have experienced the same
earthquake can have different ratings on this scale as a result of
ground composition. For example, destruction might be higher in
an area coverad by loose sediment as opposed to a nearby area
sitting on bedrock.

Guiding Guestions
@ what is the range of destruction an  if rages from [—shaking is borely
the Modified Mercalll scale? nobceatie, fo XI—foh destuction

ﬂuwhmmmmmm The some megsures eorihquake infemsdy
usied lo describe the Intensity of an ~ bosed on descripfions of the sorthgurke s
earthuguake? effects on people ond strctunes.

Visual Literacy: Modified Mercalli Scale

Direct students” attention to Table 3, which shows how damage can be
used to rate the intensity of an earthquake. Use the questions to help
students understand more about the scale,

314  Chapter 9

Ask: People reported that the vibrations they felt from an

like those of a truck driving by. Whﬂlrdmﬂ'rmlhnmuld
earthquake on the Modified Mercalli scale? W

e-lrﬂ;:!kehJe

Ask: What type of destruction occurs in an sarthquake with an
intensity of VT Some dishes and windows break, nndsnwwﬂ'sm’cir.

Tab le 3 Modified Mercalli Scale

m Most noticeable indoors; vibratlons are like the passipg d

truck.

v Felt by many people indoors but by few people oul
dishes and windows rattle; standing cars rock noticegbly.

org

and some walls crack,

L
v Felt by nearly everyone; some dishes and windows break

Vi Feit by all; furniture moves, some plaster falls from walls §

some chimneys are damaged.

il

VIl Everybody runs ouldoors; some chimneys break: damage

3

fight in well-built structures bt considerable in weak structfires,

Vil Chimneys, smokestacks, and walls fall; heavy furniture is

overtumed; partial collapse of ordinary buildings occurs.

pe | Great general damage occurs, bulldings shift off foundati

ground cracks; underground pipes break.

L
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Earthquake Risk
Scientists consider several factors when assessing the earthquake M
risk in an area. One factor is past earthquake history.

Guiding Questions

% Where have some of the sarihquakes Some of i grearest carfhquakes in the
of greatest magnitude In the United  [mited Siofes hove occured alang the

States occurred? New blodid Faul! in Missour
Key Concept Check: How do To evaleele risk. seismologists sfudy ine

Mnﬂullrﬂ? gediogy. posl eorihguake oclivif
population demily, ond ihe Bolidiag
design of an area.

o What are sanhquake rIsk assessments Sngmeirs use Ihe fisk gssessmenl o

used for? Buiid earfhguaie-sofe budoings.
Governments use Hsk ossessments fo
heip prepoie for fulune ecrthquakes.

Review Vocabulary
convergent
Ask: What is an antonym of the word convergent? divergent If

students need a hint, Ask: How do we describe tectonic plates that are
moving away from each other?

Visual Literacy: Earthquake Hazard Map

Figiire 7 contains information about the risk of sarthquakes across the
United States. Use the diagram and questions below to check students’
comprehensian,

Ask: What information is given in the key? The key is color-coded
each color representing @ cerain level of earthquake risk. Pink
represents the lowest risk. Red represents the highest risk.

Ask: What is the earthqusake risk in the red aneas? high Which i
the United Stales have a high risk of earthquakes? the West Coast, parts of
Aloska, Howa, the areo orownd southeostern Missoun, and South

&% On Level @D Approaching Levill® Beyond Level Lesson 8.1 Earthquakes 315
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Visual Summary

Concepts and terms are easier to remember when they are
associated with an image. Ask: Which Key Concept does each
image relate to?

| fyeer=

Answers may vary. The information needed to complete this
graphic organizer can be found in the following sections:

« What are earthquakes?

= Where to earthguakes occur?

= Selsmic Waves

= Mapping Earth's Interior

= Determining Earthquake Magnitude

Use Vocabulary

1. In strike-slip faults, blocks of rock slide horizantally past each
ather in opposite directions. In nomal faults, blocks of rock are
pulled apart. One block moves down along the fault relative 1o

U Wecabuley Interpiet Graphics
i Comnpars amd cordrast b thies irges & Compars and coptraat Create 3 iahle
o laulin wwinle the cohinan Beadings o wave
T, Waike i, died v
propsertien. Lsn the wable 1o commane
sl congras) the theee types of
[E Tt

3. Dewibragistnhs et wwvin an cart hopsake

Eus araf an eslthipeske epicefief

T Denctibe L il innage Ik o
e nease o hs jsteriol

B U e teerna aresun e il
i 8 G e

Uinderstand Key Concepts Critiead Thinkk

B D Ine wius o i
wanild made = evahaw vanhpake tes
i vy homesan

areas in e Unmel Scaves 1las

2. lsleriiify
it the biphing ssrbsquals sk

§ Approcimabily iy meech smee smegy e -

i i relegsed o2 magnnads T eerhgquaks

! comparrd wo & FuEiike 5 esnhquake B Wi the valor of Roman
Wi o mermiral XXV
[= BERTLLE]

A B e S Ve e L

3. Selsmometers record motion during an earthquake in & graphical
illustration of selsmic waves called a selsmogram.

Understand Key Concepts

4, Areas in the United States that are at the highest risk for
earthguakes include California, the Pacific Northwest, Alaska,
Hawaii, and Missouri.

5. D. 1.000
Interpret Graphics
6-{ Wane Tupe| Molion Preperiies
Rock move bock | o faglesl
PNy | and forth parallel lo e . travels Hhrough soids and liguids
Rack vibrale |+ dhowier lhan Pwiaves, fasler than
Secondany Io the direclion  surfoes wives
of fhe vve. « connol Iravel through liquids
Surfoce | Rock parficles move ma | o slowsel seiemic wve
molion in the some | + travels on Earlh s surface
[ s fhe wive.

the other. In a reverse faull, blocks of rock are pushed together. 7, Because of the behavior of seismic waves, we know that the

One block moves up along the fault relative to the other.

2. The focus of an earthquake is where movement along the fault

eccurs. The epicenter is the point on Earth's surface directly
above an earthquake’s focus.

316  Chapter 9

Earth's mantle is solid, the outer core is liquid, and the inner
cofe is solid.
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Critical Thinking M

8. To evaluate earthguake risk, students could study their
hometown's geology and past earthquake activity o evaluate
which areas have the highest risk

9. 26

&4 LAB Manager

Can you locate an earthquake's epicenter? Thiz lab can be
found in the Studemnt Resource Hondbook and the Activity Lab
Workbook.

€» Onlevel @@ Approaching Levdll®  Beyond Level Lesson 81 Earlhquakes 317
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9.2 velcanoes
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Sician &4 LAB Manager

About the Photo What makes an eruption explosive? Labs can be found in the Student Resource Handbook and the
Kilauea |5 on the big Island of Hawail and is the youngest of the Activity Lab Workbook,

island's volcanoes, The Hawallan name Kilouveg means “spewing,”
an apt name, since the volcano has been continuously erupting . .

since January of 1983, Kilauea's eruptions do not always result in @ Essential Questions

lava running down the autside of the volcano. Sometimes the lava After this lesson. students should understand the Essential
flows through underground lava tubes and pours into the ocean

Questions and be able to answer them. Have students write
. each guestion in their interactive notebooks. Revisit each
Guiding Guestions
v guestion as you cover its relevant comtent.

m Where does lave come fram? Sluchetils gl R [l fovn g TOTies

5 (nfarior 05 magma

(7] Vocabulary
m What hl!lllp'E'l'IS- o lova ot Earth's I Coods ond Mardans, REming mew naoes w d w&h
ar
surface alter It ("rupli from a voicana® '
1. Wirite the term volcano on chart paper or the board and clrcle
I How doos the eruplion of Kilases Moun! Pnatubo s reledsing o fhick cloud it. Draw three spokes coming from the bottom of the circle
differ from the eruption of Mount of supevheated gas, ash. ond rocks info and a circle at the end of each spoke. Fill in the circles with

Pinatubio, shown at the beginning of Olr. Hat, Towing i the terms shield volcone, composite valcanea, and cinder
the chagler? rurea. The Mounf P r T .

shown i referred 1o o pyrockasiic Mow cone, respectively.

WICh means e r-"_'l_:l"r-"l-'l":': Tha

Kiouea eruplion i refered o o o e

Fomfmin.

318 Chapter 9
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What is a wolcano?
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What is a volcano?

Visual Literacy: Figure B

Review the layers that make up Earth’s interior, Explain that moltenDirect students’ attention to Figure 8. Use the questions below to

material from Earth's mantle, called magma, rises to the surface

during volcanic eruptions. understanding.
Guiding Questions Guiding Questions
@ winat is & voicano? A volcana is o ved by Eorih's criesd ©D Wiy does magma rise?
Evosugly soich mmefted hock Rows oo
Earl's surfoce
Reading Chack: Whatismogma? | Mogm s maflen, or melied rock beiow S0 WPSL AUSES The mante 15 et ko

Corth's surfove

I Think about what you leamed aboul  Simiiler o eorfhquikes, areas mif

where sarthqualkes occur Predict VORCOmOeS re wsually rear plato
which locations arcind thi woild héve boundaries
mafe volcanoes than others.

How do volcanoes form?

Hawve students read the texi. Ask: How do volcanoes affect the
shape of Earth's surface? Voicanoes can form large mountains
and new crust, and destroy feotures or buildings of Earth's su

Convergent Boundaries

Use this as an opportunity to review material from Lesson 1.

The denser piote sinks beneath the other piate, into the mantie.

320 Chapter9

magma?

help students analyze the diagram and to assess thair

Mg is less derse than He
mmﬂﬂﬂ‘ ANEE, 50 N n5es ﬂ'ﬂ'ﬂl‘ﬂﬂ
chocks i Earth’s crist

A combinaiion of ihermal energy from
bevow Eqrth'’s sprfoce ong frkds from
smking sial mal the mantie.

Ask: What happens during subduction? One plate sinks befow another
Magma forms as the plote sinks into the montle and rises to the surfoce,

Divergent Boundaries

Hawve students give an example of where divergent plate
boundaries occur. Ask: How is new oceanic crust related to

rfoce,
Visual Literacy: Figure 9

volcanoes? New oceanic crust forms when mogma rizes [o the surfoce
of o divergent plote boundary clang o mid-ocean fdge.

Direct students’ attention to Figure 9. Ask: Describe, in your own
words, what this diagram shows. Two plotes are moving apart, At
Ask: What happens when two plates push against each other?  the houndary, magma from the asthenosphere is rising through the

lithosphere to Earth’s surfoce and forming new aceanic crust.
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Where do volcanoes form?
Ask: Where are most volcanoes located? Most volcanoes are
found near plote boundories.

Ring of Fire
Have students look again at Figure 2. Then have them study

Figure 11. Ask: How do the locations of earthquakes compare t

the locations of volcanoes? The locations are similar, Both
earthquakes and volconces offen occwr along plate boundaries.

Guiding Questions

% Besidoes aiong plate boundaries,
where else are volconoes located?

Wiconoes Gis0 OCOF 0vey Mol spols

Chack: Where |s the Ring of  The Ring of Fire surrounds the Pocilic

Flre? Deoan

322 Chapter 9

Ask: What do the red triangles
on the map mean? A red
represenis gn octive volcano,

o

Ask: How do you think the two
volcanoes in the middle of the Pacific
formed? Why? They probobly formed
over hot spols, because there are no
plate boundaries nearby.
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Volcanic Eruptions
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Volcanic Eruptions
Students may think that all volcanic eruptions are the same in
appearance as well as force and in the materials released during

Visual Literacy: Figure 13

Figure 13 helps students visuallze different types of eruptions. Use
thie photos and questions to check students’ comprehension.

the eruption. In fact, eruptions can emit large amounts of ash, shoo
fiery lava high into the air, or produce a thick lava flow. Remind 'Eti..l*klh Wihat b ypa af swcptions ses-showr in the photon? o gy

tion and a viodent
dents of the differences in viscosity, which is a liquid's resistance to e e i

flow, that they observed In the Launch Lab. Make sure they under- ack: Describe the difference in appearance of the eruptions. The guiet
stand that the viscosity of magma depends on its silica content. Us@ruption conststs of hot, fowing fava that is giving off black smoke, The
the scaffolded questions to assess students” comprehension. viclent eruption is releasing a hige plume of volcanic ash Into the air

Guiding Questions Ask: What is the difference in silica content between the materials in
these two eruptions? The fova in the guiet eruption has o lower
A winat is the difference between lava Lova &5 magma thal enupls onto Earth'’s e ; ; :
e i i el g of tiny ﬁgﬂﬂugﬁ of silica. The lava ond ash in the wolent eruption are high in
partiches of rock and giess ot enupt info
Ihe o,
= Ask: What type of volcane do you think produced each eruption? The
Concept Check: What factars The chomisiry of the  suchasme | Juiet eruption was probobly produced by o shfeﬂd voloano, The wiolent
mtmw m,““;.m. WQ"{W w‘ Sm;*; o eruption was probably produced by o composite volcane,

CORIRIR, TNEST Srpon S Remind students what happens Iif a can of soda is shaken before

[t is opened. When the pressure [nside the can decreases upan
opening, the gas bubbles are able to expand and escape, and
the soda erupts. This is similar to what happens to the gases
dissolved in magma as the magma rises to Earth's surface. Use
these scaffolded questions to check students’ comprehension,

% How does shica content affect the
wiscosity of magma?

Moo with o lowr silce condanl has o
i wisTosily; and mogma Wil o figh
silica contant s @ fgh Wsrosly

ﬂluppn“ you find a rock that Is mode F originoted o5 mogmo 0 Ewil'’s infenor and

of andeslie. What could you infer coolnd ofer if wos enpled from o vakano of
about the history and composition of  either o comwergenf plafe Sowdary of o
the rock? confinentsd hol spot. I is igneces rock.

conioins o infemedrie gl of sikon.

324 Chapter 9

Scanned by CamScanner



Engage  Explore  Explain _Elaborate | Evaluate |

U Wecabuley Interpiet Graphics
1 Cosmpars aevd cordrasd livd T Analyam the insags below anl saplain
il gt wihu [wevors conmbuce 0 explosive

Fhljiilnia

2 Eaplwlry il i siionity

A Pubvesreed eock and ash shuy sneges @om
rjilrsive vadd o i oalel
WUndemitand Key Concepts B Crmmiw & guaalile organimer 1o (s

H the fsier dypees ol eraptiee foadiict tha
& whaie el o caty rewilt [Fom 4 selecanic eraption

1 Hnwr do wolr srcues. Soem?

§
' :
! & Commpare the three mam types of
‘ T vl dimeen Caitheal Thimking
] B Conjpare the shajws ol compmiies
| 2 What lactrs corritne b e sruphoe dyls o o ol g i vulcanes and shiedd volcamses Why
| i ann thislt alurpis s srupabve syl o
| I e Whian vy ol Liwd erupis drem shie ld il
1 s
| | i A ambsm €. graninic
i W husalii B rhyolir: T, Eaplalis T sriprlcstion wirlcanie
H

3 Mowr are wiranmsy Tk
| . eripticn cun catee clomate chungs

Wha migha hagpen i Vellnwwnne
Caldrta erugned nsday!

E e 1y

EE  Iramsey § Lemne BY darosiss el vos enes iR

Visual Summary Understand Key Concepts
Concepts and terms are easier to remember when they are 4. Volcanoes form along convergent plate boundaries, divergent
associated with an image. Ask: Which Key Concept does each plate boundaries, and hot spots.
image relate to?
5. Shield voicanoes are large, shield-shaped structures, with
gentle slopes. Cinder cones are small, steep-sided cones that
w form from explosive eruptions of basalt. Composite volcanoes
are lall, steap-sided, and form from explosive eruptions of lava
Answers may vary. The information needed 1o complete this and ash.

graphic organizer can be found in the following sections:

« What Is a volcano? 6. B. basaitic

« How do volcanoes form? Interpret Graphics

» Where do volcanoes form? 7. The explosiveness of a volcano is determined by magma
T I vol composition, viscosity, and the amount of trapped gas and

: T N water vapor. This volcano is a composite cone formed from

« Volcanic Eruptions viscous, gas-rich lavas.

« Wolcanic Eruptions and Climate Change B. Answers will vary, but should include lava flows, ashfall,

mudfiows, and pyroclastic flows.
Use Vocabulary

1. Lawva is molten rock that eruplts on or near Earth's surface.
Magma |s molten rock beneath Earth's surface.

2. Viscosity is a measure of a fluid's resistance to flow.
3. volcanic ash

328 Chapter 9
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Critical Thinking

8. Compaosite volcanoes erupt violently and are large, steep sided,
and made of andesite and rhyolite. They form over subduction
rones and continental hol spots. The magma that forms these
volcanoces has a high silica content and high viscosity. Shield
volcanoes erupt guietly, are gently sloped, and made from
basaltic lava, They form over mid-ocean ridges and at oceanic
hot spots. The lava that forms these volcanoes has a low silica
contenl and low viscosity. Magma compaosition and chemistry
affect the shape and eruption style of volcanoes

10, The ash could block sunlight, causing temperatures to
decrease significantly.

b4 LAB Manager

The Dangers of Mount Rainler This lab can be found in the
Student Resource Handbook and the Activity Lab Workbook.

€ OnLevel @@ Approaching LevdllP Beyond Level
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Positive Effects After Internet safety precautions are in
place, have students use the Internet to research the
positive effects of volcanic eruptions. Have students
give a brief presentation on the results of thelr research.

Real-World Science

Volcanic Ash and Alrcraft It is often difficult to distinguish
between an ash cloud frem a regular cloud. Ash clouds can
meave thousand of kilometers away fram the source velcano
in a short period of time. Alrplanes flying Into a cloud of
volcanic ash experience decreased visibllity, acidic fumes
filling the plane, and sometimes even complete fallure of
the engines. Since 1980, there have been about BO
instances of airplanes fiying through volcanic ash clouds.
MNone of these encounters have resuited in fatalities, but
they have caused millions of dollars worth of damage to the
planes. The Alaska Volcano Observatory was created in
1988 to help monitor ash clouds in the Pacific northwest.
over which 10,000 passengers are flown each day.

Fun Fact
Volcanoes and Climate Change An eruption that had a
pronounced efiect on global climate was that of Tambora.
n April 5, 1815, Tambora erupted on the Indonesian island
Sumbawa, releasing a tremendous cloud of ash, Records
ate that global temperature decreased by 3°C after the
plion.

Lesson 9.2 YVolcanoes 329
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Study Strategy: Finding Main Ideas

Use the activity below to help students hone their summarizing
information and identifying the main idea skills.
1. Before students read the Key Concept statements, have them

the three most important ideas in each lesson. Have them summ
thelr main ideas in a chart similar to the one below.

2. Have students write the Key Concept statement that is most
comparable to each one of their main idea statements on the sam
raw of the chart.

3. In the third column, have students place a check mark next to main
idea and key concept statements that are similar. A check mark
indicates a good job identifying and summarizing the main idea.
This type of self-assessment to improves student reading
comprehension skills.

Example:

My Main Idea Slatsment St
N weleainn i a vinl in Esrfle Molln imagma is loeed
erust [lroush which molln. pward Bwetugh crncks in fhe

ok (iowss el erupding from welarom,

Keeg Concapl Stalemanl,
v

fdont newspaper story using earthquake or volcano-related terms,
irk Tell students to imagine thal they are newspaper journalists.

StudggStmt& : Use the Vocabulary

One of the most effective way's to learn new vocabulary is to use the
vocabulary in a writing exercise. This activity enables stucdents to write a

2. Instruct students to write a short newspaper article in their Sciend
Journals about an earthquake or volcanic eruption that has just
happened. The articles should use as many of the chapter's
vocabulary terms as possible.

3. If time allows, have students read their articles to the class.
Example:

Yeolerday ol 10 am. Cordoralle wios ol frc eproanier of o dhmng earfnguake,
wiich cowsed sotmic waes fo rediale cuteard for hundieds of mies

T focus of {he earlrguats wos degp w1 o guand along e Shaks-and - Shimny
Fl [y, Trowible, & prominanl seiamobed af fe Unnersily of

Cendaralie, s thal semograme indicale fie carthquake wos 2 4.9 o

fhe Richizr sl
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OLDABLES N\ m

Key Concepts.

1. Ask students to organize their Foldables® in a way t
reflects how the concepts in each Foldable relate to
each other.

2. Use glue or staples to hold the sheets togather
as nesded.

3. When complete, ask students o place their
Foldables® Chapter Project at the front of the room.
Have the class critigue and discuss the w hich
students have organized their Foldables®,

Use the Foldables® Chapter Project as a way to mnnel

Use Vocabulary

-
1. shield volcano 2&15,9

2. Sample answer. P-waves and S-waves are two types of seismic
waoves that travel through Earth’s intérier in an earthguake.

3. basailtic, rhyolitic

4. hot spot

5. magma

6. seismomelers

7. focus, epicenter

B. a surface wave

9. pyroclastic flow

Link Vocabulary and Key Concepts

10 11 12. strike-slip; normal; reverse

13 14 15 transform plate; divergent plate: convergent plate
16 17 18. (any order) shield volcano; cinder cone; composite cone

€» Onlevel @@ Approaching Levdl®  Beyond Level Chapter 9 Study Guide 331
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Understand Key Concepts

1. A. along mid-ocean ridges.
2. A. low viscosity lava and normal faulls.
3. C. on convergeni plate boundaries.

4. A. ash and gas that erupt high into the atmosphere can reflect

sunlight.

218"

5. C. energy released as rocks break and move along a fault

6. C. 100 times more
7. B. Kaual

B. A. distance between the earthquake and the setsmometer.

9. C. the moment magnitude scale
10.C. three seismometers.

Critical Thinking

1. Alaska has high earthquake prabability because |t sits on an
active convergent plate boundary.

12.5hield volcanoes are most likely to form over an oceanic hot
spol. Lava that erupts on the seafloor Is basaltic, which means
It will have low viscosity and will have a wide base,

13.Yellowstone |5 an active continental hot spot. Sample
hypothesis: If there is hot molter) material beneath Yellowstone
today, then there will be signs of it on Earlh's surface, such as
underground gases and upwelling of the land surface.

14.A chain of active volcanoes runs through Africa. Since the
volcanoes are not along a convergent plate boundary, they
might be part of a new divergent plate boundary.

15.Seismologists discoverad that most of the mantle Is solid by
using evidence from selsmic waves. P-waves and 5-waves

can both travel through the mantie. If the mantle were liquid,
S-waves would not be able to travel through It.
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16.A magnitude-6 earthquake in New Orleans would cause M
more damage than a magnitude-7 earthquake in San
Francisco because the city is unprepared for earthquake
activity. In San Francisco, bulldings, roads, and bridges
have been engineered to move as the ground shakes
during an earthquake. The bulldings in New Orleans are
not earthquake-ready, and most people lack the training
about what to do during an earthquake.

17. Pyroclastic flows are superheated clouds of gas, ash,
and rock that travel at remendous speeds. They are
unpredictable and highly explosive. Lava flows move
much more slowly and any onlooker should be able to
outrun one.

18.The direction of plate motion likely changed, which
explains why there is a kink in the chain.

Writing in Science
19.Scientists could send a shuttie to the Moon equipped
with selsmometers. The seilsmometers would detect any
seismic activity or movement within the Moon’s interior,

By studying seismograms from the Moon, scientists could
determine the composition of the Moon's interior.

@ The BIG Idea

20. Earnthguakes and voicanic eruptions occur along
plate boundaries. Earthquakes are associated with ail
three types of plate boundaries. Violcanic eruptions are
associated with convergent plate boundaries where
subduction occurs and divergent plate boundaries
where plates separate along a mid-ocean ridge or
continental rift. Volcanic eruptions can also occur In
association with hot spals far from a plate boundary.

21.Mount Pinatubo was explosive due to highly viscous, gr

and silica-rich magma composition.

[ Math Skills ~
Math Practice
22.
23, 00V
24, 40
25, LXK

€E» OnLevel @ Approaching Levdlll Beyond Level Chapter 8 Review 333
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Multiple Choice

1 A—Correct. B, C. D—The deepest earthquakes occur when
plates collide along a convergent plate boundary and the
denser plate sinks down into the mantie. Divergent, passive,
and transform plate boundaries do not result in deep
earthquakes.

2 B—Correct. A, C, D—The moment magnitude scale measures
the amount of energy released by earthquakes. The Modified
Mercalli scale measures earthquake intensity based on
descriptions of damage. The type of waves do not indicate
magnitude.

3 C—Correct. A, B, D—The United States has 60 potentially
active volcanoes, mainly distributed among Alaska, Hawall,
Washington, Oregon, and northern California. Most of these
volcanoes are in the Ring of Fire, an area of earthquake and
volcanic activity that surmounds the Pacific Ocean. New York has
no active volcanoes.

4 B—Correct. A, C, D—Normal faulls invalve torces pulling two
blocks of rock apart. Shallow faults are faults that are not very
deep. Strikeslip taults occur when two blocks of rock slide
horizontally past each other in opposite directions.
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S C—Correct. A B, D— A caldera is a depression formed by
a voicano. Hot spol volcanoes have a chain-like formation.
Subducting tectonic plates move below another piate.

6 D—Correct. A, B, C—Ash fall is falling ash from a volcano.
Cinder cones are small, steep-sided volcanoes, Lahar is a type
of mudflow consisting of pyroclastic material and water.

7 D—Correct. A B, C—The San Andreas Fault Is a transform
fault located at the boundary between the Pacific and North
American Plates.

8 C—Correct. A, B, D—Hot spots are volcanoes that are not
generally associated with plate boundaries. Hot spots do not
erupt in chains, and they do not always remain active.

9 B—Correct. A C, D=The center of each circle on the map
represents a seismic station: one In Berkeley, one in Mammoth
Lakes, and another in Los Angeles. The distance between
waves, wave travel times, and the speed of seismic waves are
determined with seismograms.

10 D—Correct. A, B, C—The earthquake epicenter is located
where the three circles on the map Intersect—Parkfield,

CA. Using the method called triangulation, seismologlsts
Investigate selsmic wave speeds and travel times to determine
the distance between at least three different seismic stations
and an epicenter.
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1 C—Correct. A, B. D— Seismic waves, produced by
movement of rocks along a fault, originate at a point
within Earth's crust and mantie called the focus. The
epicenter is the point on Earth's surface directly above the

i

focus. Seismograms are graphic lllustrations of seismic ‘ A

waves, 2 B

Constructed Response 3 2

4 B

12 Answers will vary. Possible response: The diagram shows s c

the process of subduction. During subduction, two plates

collide along a convergent plate boundary, and the denser ] D

of the two plates dives into the mantle. Thermal energy 7 b

and fluids driven off of the subducting slab melt the & L

mantle above to form magma. Magma is less dense than 9 B

surrounding mantle material and rises up through cracks 10 1]

i the crust and forms a volcano. 1 c
13 Answers will vary but should indicate that composite 12 See exiended answer,
volcanoes are most fikely 1o form above a subduction 13 See exiended answer
rone. Composite volcanoes are large and steep-sided, 1 e —

resulting from explosive eruptions of andesitic and
rhyolitic lava (high in silica and dissolved gases) and ash.

14 Answers will vary but should include the listed wave types
and some or all of the description information. Students
should respond that they most likely would feel primary
waves first because they are the faslest-maving waves
following an earthquake.

Wave Type Characteristics

Primany (Fwave) compress particles in the ground by a
push-pull movement similar to a colled
spring, lastest-moving wiaves, can tr
through Eanh’s intenor

Secondary [S-wave) cause parlicles in the ground lo move jside
o side or up and down perpendicular
the direction the wave is traveling;
than Powaves; can travel through Earth”
interion but cannod traved § f
Surface cause partickes in the ground to rall up
and down similar 1o the motion of an
ecean wave, rivels anly on Earth's
surface closest to the epicentes

€ COnlevel @@ Approaching Levill®  Beyond Level Chapter 9 Standardized Test Practice 335
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Answers to the Page Keeley Science

Probe can be found in the Teacher's Edition of tha
Activity Lab Workboaok.

Clu es to Earth's Past

) The BIG Idea

There are no right or wrong answers to these guestions. Write
student-generated guestions produced during the discussion on
chart paper and return to them throughout the chapter.

Guiding Questions

T You might have seen o car with mud  This question leads students 2o tink
on Its tenders. What does this tell yousdout How on objecl s physal
about whers the car has been? appedarance can be @ cle to its post Ask
slogiends 1o Diink of soam olher exarmpies
of clres fo past evenfs from their

DVETYTIY SxpOiences

ﬂmwu.mum This questicn prepares studénlts fo Mink
that is lefl out In the open airfor 8 obouf how events can change the
day or twa? physicol charactonstics of an obfect
Encowoge sludents o compore what
happens to the sice of breod to what
happens io an organiom wihon if dles

ﬂmmriaﬂmnumutmw Thifs question hefps slodents think about
taking place inside your body. What  bow fhe chemico! composition of o
kinds of chemical reactions might  moleriol con choage. ron axidiriog is o
take place inslde rocks? simple asgmpie.
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Explore Activity

What can trace fosslls show?

il o b (T i ol L 2w Fodrprom o ihe snpret of
anen] el ? Thee e enammies 01 Srace el Bithough s
‘ousdn do sor cormten sy padd o an orgeniem. Bheey oo hol d) Cloe
sboud how rganam ived. moved o bebaved

rrocedur) [N ER

U Bead wd covnpliete @ bvh sabety e
L FEhes sie oy Pl 0 Nk ihaps

A Thini shibud @ behinvitr 51 A pou wisdd b g lnisl
e el L aiwdle e luids et am i plosier knifs, o dwehille
i, i o ey, 10 inabe @ et sl g T e e o1
T et

A, Esctaege pau fead wilh aooites shugdesl. Try 1l Squre o
il Datuindd (6 P =ms B 0 L ol

Thinis B Thia

t  Werrmu shis & desermene ahal befsnr or moreser] g
thmn et 1 fomid modeded Wi e ot st sble b delwermine
et Wy op wboy furl”

1 Whai e you Bek st can lrmm By shebhng Yaes iveuh

L3 LAB Manager

About the Photo Fossils? Insects that are fossilized in amber | ahe can be found in the Student Pesaurce Handbook and the
are extremely valuable to scientists because amber preserves 8 Acyjvity Lab Workbook.
much mare complete sample of these ancient insects than other
kinds of fossils. Start the lesson with questions about how fossls
provide clues to the past. @ Essential Questions
After this lesson, students should understand the Essential
Guiding Gues o Cuestions and be able to answer them. Have students write
@ ae the insects in the amber alive? Mo, they died millions of peors ugo each question in their interactive notebooks. Revisit each
guestion as you cover its relevant content.

W What do you think fossils can tell us Sludents might c¥scuss how fassils ave

about Earth’s past? evidance of the diferant fepes of )

organisars that iived in the past. i this ﬂb? Vocabulary

Ipssan, students will ieonn that fossits are Understanding Prefixes

e thew are presenvea - o8 1, Write the word paleontologist on chart paper of the board,

2. Ask: What Is the prefix in paleontologist? The prefiv /s
I what arc soma obher ways In which  Shudents migh? discuss ofher frpes of palec- and it means “ancient,” or “prehistoric.”

it e, cabifiod wond. s boses, 3+ Ask: What do you think a paleontologist studies? A

oF shells paleontologist studies life in the anclent past.
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Scanned by CamScanner



Types of Preservation

Femmls are preserved 0 diffemn ways As shawn in Figers 4,
theiw e maany wary bl can e

Preserved Remalns
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Formation of Fossils Visual Literacy: Fossil Formation

e L . Students should understand that the three panels shown in
Conditions for Fossil Formation Figure 2 represent three different snapshntF::. in time. Use the
Only a small fraction of arganisms become fossilized, because guestions below 1o help students analyze the diagram and to
fossilization occurs only under specific conditions. Fossils are mostassess their understanding.
likely to form when the organism has hard parts and (s burled
quickly before it can decompose completely. Asl: Which two elements present Ask: What parts of an erga
the first panel are absent in the third| | become a fossil? Students
Guiding Questions panel? The soft parts of the fish and | | recognize that the hard parts of

ﬂmnhmwﬂmmu! Fossis can form [f loyers of sand o mad

which fossils can form. by i (eganism an the boffom af o
[0
€ What parts of an organism might nol  the soffer fssoes 0T JECOMPOSE qUicKly
become fossilized?
CB Whot conditions Increase the chances  crgamvems with hard pavis. crganisms
of fossil fermation? nat are covered Dy iayers of sediment
00 aifer death
think happens Io P
@ oot 2o you e jemais completey dsconpise Eoesils Come in All Sizes

organisms that do not become fossiis?
Some students might belleve that fosslls only result from certaln
kinds of large organisms, such as fish, dinosaurs, and trees. Some
organisms are more likely to produce fossils, but any crganism can
potentially produce them.
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Molds and Casts

Visual Literacy: Types of Preservation

An Impression left in rock by an organism s called a moid, A cast iptudents might need somea help distinguishing betwean the

made when sediment fills the mold and hardens. Molds and casts different types of preservation shown in Figure 4. To help them
form together and each preserves only the shape of the organism'sake these distinctions, encourage students to ldentify differences
exterior, Use these scaffolded guestions to help develop students'and similarities between the different types, and then use these

comprehension,

Guiding Questions

W vinat ts the meaning of the term A HMpeint /S (e CepYeSHInn Jeft Bomng
lerprinf? when o haedar obyect s pressed irfo o

soiter one

&% winat is the difference between 8 moddir o oo were fossiized o5 o moid, the
of & tree and & patrified fossil of a fossil formed when the iree mode an
tres? impression in sedimend I o brée e

Fossifred o5 a minersl rapiocemeant, is
fssues would hove bedv reploced wilh
minerofs such as sico.

ﬂ How can the sediment thal fills & mold The sediment oov becomi o roce Fosad if
became a fossi? it fWis g modd, is unied under mons
maenicl, and hargiens $0 Mol it rests i
the shape of the arigina organtsm

344  Chapter 10

guestions to further their understanding.

Ask: Casts and molds can be compared to a gelatin dessert and the
pan in which it is prepared. Which fossil shown in Figure 4 is like the
pan, and which is like the gelatin dessert? Students should state thot
the mold is like the pan and the cast is ke the gelalin dessert.

Ask: Which two types of fossils preserve the original material of the
organism? Both preserved remains and corban films presernve the
afigingl material

Trace Fossils

Trace fossils result from an organism’s activity, rather than the
preservation of its body. Encourage students to draw parallels
between a detective who uses clues to solve a mystery and a
scientist who studies trace fossils to understand an organism's
behavior. After students read Trace Fossils, ask these scaffolded
guestions.
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Past Climates
On the scale of geologlc time, Earth’s global climate cycles

Visual Literacy: Figure 7 and Figure 8
Students less famillar with thinking in terms of changes that occur

between warmer and cooler periods. Students’ natural interest in  over geologic time will need help understanding the iImages shown
ancient creatures such as dinosaurs and mammoths may be piquedh Figure 7 and Figure B. Use these questions to help students

by learning that the study of these creatures yields information
about what the werld was like millions of years ago. Use the
Guiding Questions to help gain their interest and assess
comprehension.

Guiding Guestions

T what line of evidence can sclentists | Fossils can show that Earth's cimate ho
use 1o heamn whether Eafth's cimate  changed many lenes in the past Parl
has changed in the past? Fossils, such o ferns and other tropical

plants, show that Earkll was very worm
100 milion years ago and Maf iopicol
forests covered much of the k.

Key Concept Check: What was Eariiv's  Forth was much wormer when dinosows
chimate like when dinosaurs Ived?  Beed. W koow M because e of
tropécal plants dode back fo the time of
e dinesdurs

D vty are plant fossiis good Indicators  The ciimate of an ares defermines the
of climate? Iypes of planls Sl grow there For
imstance, fossils of fropicol plants indicints
o very worm climate b the poast

346 Chapter 10

analyze the diagram and to assess thelr understanding.

Ask: Take a look st Figure 7. How would you describe the climate? In
which parts of North America would you find a similar envirenment
today? Students should stote that the figure shows an area that has o
worm, wel climate, much like the swamps in some parts of the
southeastemn United Stofes.

Ask; Take a look at Figure 8. Give two reasons scientists think woolly
mammoths were able to survive in a cold climate. Students should note
thart the mammaths’ bodies were covered with lang hoi and their teeth
were well-odapted for chewing the coorse grusses that grow in cold
climates.
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Use Vocabulary Interpret Graphics

1. Both catastrophism and uniformitarianism are terms used to 7. The dinosaur in B was running. s footprints are farther apart,
explain Earth's past. Catastrophism regards conditions and suggesting a rapid stride,
creatures on Earth as a product of violent disasiers. y "
Unitormitarianism describes changes thal were caused by 8. TI h, Hl tﬁ":m L 5:I!s I:::r:z;nm,l ﬁ;':ﬁ;ﬂgs;:nﬂi e i
gradual processes similar to those occurring today, remains. ond troce fossils. . ' '

2. carbon films

3. Sample answer: The shell dissolved from inside the Critical Thl“ki"ﬂ
hardened sediments, leaving a mold, which was filled, 9. Invented processes could include natural causes, such as a
forming a cast huge meteor.
10. This statement is consistent with uniformitarianism because
Understand KEV Cﬂ"cm scientists study processes occurring in the present to find

clues about the processes that occurred In the past.

Perfect Fossils—A Rare Find This feature can be found In the
A.r:tM!}' Lab Workbook,

4. B. hard parts and rapid burial

8. The skeletal system could be fossilized because it contains
hard parts, such as bones, that are not prone to decay.

6. A fossil palm tree would indicate a warm environment on land.

348 Chapter 10
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10- z Relative-Age Dating
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Haow did thils Mappsen?
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About the Photo How did this happened? Studenls might not

Explore Activity

Which rock layer Is oldest? E‘, m
e . s
Frnr:ﬂ.lrﬂ :.I“'#“
i Wil Clrjes i [STL i
ot 5 & prea mm By ot Place th ot
i w ll:!ﬂ"ll-‘ sl iy o1 Bl Flace e fe pecey drectiy am

. r third, untiroaen mat ey o0 |

Think &hasrt Thiy

@ Essential Questions

After this lesson, students should understand the Essential

have had the opportunity to observe geologic formations in the field Questions and be able to answer them. Have students write

and might need help with Imterpreting the photo. Although the
igneous intrusion—known as a dike—is solid rock now, when it
Intruded into the sedimentary rock thal surreunds it, it was hot,
liquid rock called magma

Guiding Questions
€ Which do you think existed first, the

fried sedimaniary ro<k of h dark
IntrusianT Explain

BrsT for ihe mogma o infrudgs inko It

W How would you describe the relative Shudenis showkd sxpians ifaf the dori
positions of the dark inlihslon and infrisiee rock Culs ocross e Joyers of red
the red se lllrrlpn‘tq:]l ln.-,,'pn of rock? sedimeniony rock

m' Whatl mial have occuried i order foF Sudvnds Sold expia [hol e rock
the dark Intrusive rock and the layers formations must fove bean eroded, of
of sedimentary rock 1o be exposed al oonod s &y [T ooffon of Ine fhy shown of
Earth's surface? the bottorm of foe phofn

LAB Manager

Labs can be found in the Student Resource Haondbook and the
Activity Lab Workbook

350 Chapter 10

each question in thelr imeractive notebooks, Revisit each
question as you cover ils relevant content,

Vocabulary
Decoding Unfamiliar Words
1. Write the word uncorformify on chart paper or on the board

2. Ask: What |s the root of the word uncenformity, and what is
its meaning? conform, which meons “to be simitar”, Have
students look up the prefix un- and the suffix -ity in a
dictionary and then create their own definitions of the term
unconformity. Students should see that with the additions of
the prefix and the suffix, the word comes to mean “a thing or
state that is dissimilar to other things or states.”

3. Ask: What are some examples of things you describe using
the word unconformityT Encourage students to be creative in
their answers, and encourage them to speculate on how this
term could apply to rock layers.
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.| Engage | Explore  Explain  Elaborate  Evaluste

ExploreActivity E Y st Nois &

Which rock layer is oldest?
Prep: 15 min Class: 15 min

Purpose
To interpret the relative age of a model of rock layers,

Materials
3 clean rectangular, disposable, polystyrene meat trays

Before You Begin

You might find unused disposable meat trays ot a grocery store's
meat counter. If you cannot find meat trays, pleces of packing
polystyrene or other thick material can be used instead. The size of
the tray doesn’t matter.

Guide the Investigation

« Tell students to try to break the meat trays in the same way
hoth times so that the break is consistent in the layers.

= Remind students that forces within Earth can change rocks.

« Point out that students are not trying to calculate the exact ages
of the rock layers. Instead, they are interpreting the ages of the
layers in comparison to each other. This is relative age, which
they will learn about in this lesson,

Think About This

1. The bottam layers of rock were likely disturbed by forces within
Earth, perhaps by a faull. The top layer is not broken because i
was deposited after the disturbance occurred,

2. Key Concept The model resembles a rock formation of
sedimemtary rock becausa it Is in layers, The bottom layer is
oldest. The last layer that is lald down is the youngest.

€ Onlevel @@ Approaching Levdll Beyond Level Lesson 10.2 Relative-Age Dating 3851
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Relative Ages of Rocks Superposition

The relative age of a rock formation is its age compared to the  The principle of superposition states that if rock layers have not
ages of the rock layers found near I Paleontologists establish the been disturbed, the oldest layers are on the bottom. To help
relative age of rock formations by examining the context in which students connect, ask them to think about these scaffolded

the layers were found, Use the scaflolded questions below to helpguestions.

students understand relative dating. Gui c

Guiding Questions Y Wiy is the oidest loyer usually of the  1f wos there nrst. Layers [t were
@ what does the term refative mean | The foim rotative refers fo knoweng the iank CHARNR ot e 630 Jap W1 I8 ot
when we talk about the relalive detingopproximote mges of aWferent rocks o Feye.
of mocks? COmBaEan i Redby loyers of nocks
Eiwnﬂtnnhnﬂlmlphnuiulﬁiﬂmmmmﬂedmﬂrmﬁlﬂ
of superposition. How could ioyers wouid be af e fop and the
Concept Check: How might you  Stutheits gt pu! thel age i contet g
:g’!wﬂfm#? Wl abher bevs of thelr Al ﬁmﬂﬁn.‘tmhllﬂmllﬂﬂﬂl‘l younges iyers would be ot ihe boftom.

€ Describe the sequence of evenls—  Fist, ine red sedvmentany rocks were
deposition, eroslon, and Intruslon— | deposited, then the magmao wiruded the
that combingd to make the Tormpllon sedisaniany rock, ond D e focks
in the lesson opener photo, ware groded by the river
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Inclusions € Describe how the third panel in Theve would be no break in the dike
Rock layers do not always stay neatly arranged. Sometimes, pieces  Flgure 11 would ba drown diferently Ifinsfand, te dike would cul across e
of older rocks break off when magma intrudes. When this happens, O A YR i oy

the pleces of older rocks become embedded in the newer rock as

inclusions. Unconformities

Students will probably have difficulty understanding the concept of
Guiding Guestions unconformities, Explain to students thal, while the deposition of
% whnich pan of Figure 11 shows Thie ke i5 (e NEUSYe GReous fock, sediments that form sedimentary rock [ayers provides a record of

intrusive igneots rock, and which parl on the inciusions are D small, dghier-

S st : elices o ek i geologic time, this record Is not a continuous one. Sedimentary

rock s sometimes warn away by erosion before more sediment is
deposited on top of it. When part of the rock record is missing, the
result is o surface called an unconformity. Have students read
Unconformities, and then ask them these scaffolded guestions.

Crosscutting Relationships Guiding Questions

Faults and dikes can sometimes cut across rock layers. Where one® po unconformities exist between all Mo, uncanformities exist only batwaan
geologic feature is seen cutting across another, it can be inferred loyers of sedimventary rock? Explaln. ﬁﬂ:rm;-’dfzc;*ﬂ me ol ipck
that the feature that It cuts across is older. o RO Sy,

Guiding Questions

E® Take 0 look af Figure 1. Where did Fie inchisions were detoched fom bhe
the Inclumions in the dike come rom?  surrounding sedimentary rock a5 Magma
Forced ity way upword

D How dovs an unconformity represent  Lnconforeitios indicelo Inat crosion Nas

o gap in time? ocourred. Erosion weavs away rock and
Key Concept Check: What geologic  The fodowing geologic principies ore destroys part of the rock record. The rock
principles are used in relative-age | used in relafive-ope daling: superposition fecord thot s been lost fo eresion
dating? oniginal NONTDATaTy, Ioteral continuiy, nerEsanrs o gop i fimo
inchriians, ond cross-Culting
J——— € Take o look at Table 1. How i & Nenconfarmities oocwr between an

different fram the atherigroows o malomarpiic ook faper and
types of uncanformities? the seoimeamtory rocks fouching it
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Visual Literacy: Correlation Ask: How can you use correlation to prove that the rock layers at Zion

Some students may hawve difficulty interpreting the diagram show m‘ﬁmm;mr;mmmwameﬁm
in Figure 12. Use the question below to help students understand| which include the Corme! farmation and the Navajo sandstone, match the lopers
the diagram. exposed of the surfoce in Zion National Park. Based on the principle of

Ask: Which geologic principles must be assumed in order to corr superposition. the battom loyers formed first
these layers? Visunal Check Answer: superposition, omgingl horzan
ond loteral camtinuily

Grand

Canyon

National .
Park s

O '#W "“1
230 million yesrs old
~ 260 millor
years o/ Older rocks Otder rocks
nat exposed not exposed
i

Ask: Use comelation to determine the age of the Kaibab limestone at

Mational Park. Students should note thot the Kmibab fimestone is to

o of the fop layers at Grand Canmyon Nalional Park, where the layer below|has
been identified os 260 milion peors old 5o the Kaibab limestone [s less 260
muilion years oid and is older than the 230-milfon-year-oid Moenkagi form
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Use Vocabulary Interpret Graphics
1. unconfarmity 7. the rock layers; crosscutting relationships
2. superposition B. superposition, original horizontality, lateral continuity,

3. Sample answer: The geologist used the tri A inclusions, and crosscutting relationships

fossil In a correlation of rock formations on opposite sides of @yt o) Thinking

the siate.
9. Accept all reasonable responses, Sample answers: While rock
Understand Key Concepts layers on different continents might be the same age, they
4. C. trilobite can form in different environments, giving them different
properties. Index fossils are the same aven when there are
5. Drawings should show that a rock surface was ercded before varlations In the rock formations.
new layers were deposited on it 10. Accept all reasonable responses, Sample answers: Humans
6. Sample answers: Processes occurring today are similar to satisfy two of the conditions to be good index fosslls—they
those that occurred in Earth's past. For example, if sediments are widespread and abundant. But it is too soon 1o 1ell If they
are deposited in horizontal layers today, they were probably will be around for a short or a long time.

deposited In horizontal layers in the past also.

&4 LAB Manager

Can you correlate rock formations? This lab can be found in the
Student Resource Handbook and the Activity Lab Workbook.
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10.3 sbsotute-Age Dating

How can you describe your age? ) al
e R s e it ) S,

— = ) iy Haw o gou think your actusl, pr almokols e
How' ol adra They' T - sk s P » i o WP o sl
Procedure L -ﬁﬂ‘
i Jent Wil v a1 fn e hew Berih daie on s indes ek
cand, The phuthe w b b | il eere wh il
o | ' -
2 oo copitig o e e | i VocHBUlary
wun ok P -
1] ¥ B [ v | e
Think Abast This -
| [ ] Rl g b .
] | . gl
TN 0 ] ] ] ¥
i s thns Thibm} x Frizaiid De m |
| ) ik nove e g

@. Essential Questions

About the Photo How cld are they? Paleontologisis must take After this lesson, students should understand the Essential

special care when excavating fossils, such as mammoth bones Questions and be able to answer them. Have students write

The samples they collect from the bones for absolute-age dating each question in thelr interactive notebooks, Revisit each

I the :l_’||_'|ﬂ|._-|.t{,|r':|.' must not become contaminated with other question as you cover ils relevant content,

materials that surround the bones

Guiding Questions ag Vecabulary

synonyms and Antonyms

1. Write the words rodioactive decay on chart paper or on the
board

2. Students are probably familiar with the term radioactive
decay, but they may not have tried to decipher Its meaning
Hawve students briefly discuss what they think the term means.
Ask: What aother words have a meaning simllar to the term
radioactive? What are some words that mean the opposite?
For synonyms, students can suggest words such as hof
dongerous, energetic, or invisible. For antonyms. students can
suggest words such as stable, safe, or low-energy

@ Othar than analyzring the bones, how ey can uie relabve-oge daling o
might sciemtists leam mare aboul the detenmne e relative oge of e rock o
age of the mammaoth remaing that sedirnent v which the Bonet oy
might be Tound at his. site?

&I Cther than the relative and absolute  Scentisis can leam ohout the number of
age, what other Information can omimals [l O ol N 3G ond e
scientists leam from studying sires bones con also show signs of
mammath banss? M fhey died

ﬂ LAB Manager

Labs can be found in the Student Resource Handbook and the
Activity Lab Workbook

360 Chapter 10

3. Ask: What other words have a meaning similar to the term
decay? What are some words that mean the opposite? For
synonyms, students can suggest words or phrases such as
break down, break aport, rot, decompaose, or fall apart. Far
antonyms, students can suggest words such as become
organized, grow, of come fogether,
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ExploreActivity

How can you describe your age?
Prep: 2 min Class: 10 min

Purpose
To model the difference between relative-age dating and

absolute-age dating,

Materials
1 index card for each student

Before You Begin
Have Index cards and pencils ready ta distribute to students

Guide the Investigation
« Tell students to do this activity without speaking.

» Make sure students hawve room for this activity. First, students
form ane line and then two groups. Lastly, they form one line in
chronological order.

Think About This

1. When they were in two groups, they knew their ages only in
relation to the person with the index card; they were either
younger or older than that person. When they were in a line,
the person with the index card was no longer essential. As two
groups, they knew their relative ages: in one line they could
find out everyone's absolute ages.

2. Sample answer; Starfing kindergarien, getling a driver's permit,
and voting all have age requirements.

3. Key Concept Scientists would want to know the absolute age
of a rock because it gives a clear idea of exactly how long ago
the rock was formed, and the ages of other nearby rock layers
can then be estimated using relative ages.

mc— @ Approsching Levdl Beyond Level

£l

PP T

Lo i

Lesson 10.3 Absolute-Age Dating
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Absolute Ages of Rocks Atoms

Unlike relative dating, absolute dating does not rely on context to Atoms are the smallest part of an element. They are made of three
establish the age of a rock. Instead, absolute dating relies on the subatomic particles: protons, neutrons, and electrans. Have
reliability of the rate of radicactive decay. In order for students to  students read Atoms, and then ask these scaffolded questions.
understand the concepts behind absolute dating, they will need to

learn about the structure of the atom and the process of Yhaiiting Grasations

radicactive decay, covered on the following page. E What |5 the difference between an An alom (5 fhe smofest ool of an

slom and an element? whernanl
Guiding Questions
'm' What are the substomic particies thal ~ Most oo consist of profons. newfans,

'BHHMmmthglnﬂﬁ Siudenis may answer haf they are one of maks up most atoms? ond eecirons,
class compare o your relative age al [ older ks in [ clss, Sud thet they
homa? e fhe poungest of home.

Isotopes

Ky Concept Chech: How s absolute  Reiofive oge is an ope in reloffon fo other Al the atoms of an element have the same number of protons, The

age diffarent from relative age? objects. Absaluie age is 0 NUMeNC 08, n n
a0 tge i yecis number of NeUtrons Can vary.
-mﬂuuldﬂnlblnhhmul'lmctm Yes: the age of [ rock changes, just ax 9
change? your age changes ™ wnat is an isotope? isolopes are afoms of the same sfement
that Agve difenefl mwmhers oF Ieirons
in their nuciel

Reading Check: How do an element's The fsolopes of an alamend differ it Ihe
Isotopes diffes? number of neations they cantan
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Half-Life
The half-life of an isctope is the time it takes for half a sample to

decay. This decay is fast for some isctopes and slow for others, buf
the rate of change for each isotope is constant. Have students read

Half-Life and answer these questions.
Guiding Questions

@ vhat does a parent lsotope produce  Rodicactive porent olapes decoy nfo
when I decay<? doughler sofopes.

T wnat is & halt-ite? Haif-iife i5 the bme required for half an
wloments parent isotopes 1o decay 1nto

daugrier S0I00EL

ﬂ!‘umiimphmwllnﬁuhd Adding move parenl isolopes would offect
with additional parent sotopes, how  the ratio of pavenf fo soughler prodiects.
would the resulling age measurement making the oge of the rock appeay fo be
b affacted? younges than i really i

Visual Literacy: Half-Life of Radioactive Decay
Students less familiar with reading graphs will need help
understanding the process of radicactive decay shown in
Figure 16. Use these questions to help students analyze the
diagram and to assess thelr understanding.
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Ask: How many half-lives
have passed when 12.5
percent of the parent isolope
left? Provide evidence from

Ask: What do the changing numbers of
yellow cubes indicate about how the

lnn.lrluli.uﬂiﬂhpuhmgﬂ?

evidence from the diagram, Students Students should
shotd state that os eoch half-life passes, | | that three half-lives will have
the number of yellow cubes that represent) | passed wihen only 12.5 percen

parent isolopes is cut in haff of the parent isotopes is fefl.

Pereamlage af remaining

| REEET Lleg 5y

= -

'I'_-

2 5‘:..‘1::":,;"%
1 - ?
Ask: What of parent isotopes and daughter isotopes will

be after four half-lives? Visual Check Answer: Students showld sfote affer
four haifdives, there will be 6.25 percent parent isofopes and 83.75

doughter isolopes.
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Dating Rocks Ask: How much U-235 has it the rock sample |s 0.704 billion years
Carbon dating works only for once-living material. To date most | old? Provide evidence from the Students should stote that the

rocks, scientists rely on the decay of other isotopes, such as diagram shows that 50 percent of the parent isotope will have decayed by the
uranium-235, that are trapped in the minerals during the process of /M the sample is 0.704 billion years old.
crystallization.

Guiding Questions

% winy is radiocarbon dating not usetul  Fooioronbon GOUING WOES oy on e g
in fossils with no original tssuesT  once-Ming Nssue, which mast fossis do S
ot confmin, 1

Key Concept Check: Why are Segimentary rocks formed from groins
radicactive Isotopes nol useful for | of ignecus o melomorphve fock. Doling
dating sedimentary rocks? Mhese gromms woukd give ihe ages of

D if you used radiometric deting o The dote wowd indicate the time ot the
mwasure ihe sge of a mineral groln i mimercl in e groin formed. ook B oge
& sedimentary rock, what would that| of the sedimentory rock of wivich if fafer
date tell youT become o part

Visual Literacy: Radiometric Dating
Use these questions to help students analyze Figure 17 and to Ask: How old is a rock that contains 75| | Ask: How old Is a mineral

assess their understanding of the process of uranium-235 decay. | percent U-2352 Provide evidence from the that contains 25 percent
g P Visual Check Answer: Studenfs | U.2387 Sivdents shoold stafa
showld stafe that the diogrom shows fhat | | that the mineral is 1408
the rock woulkd be 0.352 biffion years old,| | billion years ofd.

366 Chapter 10

Scanned by CamScanner



e Vicn bulsry imberpret Graphics

1 Caswpars dspliie age mol ielaiivs sge T ldenidty Cogsy and (11 in ik graphic
mgireiret bl 1o ihkmbily lbn thiew

fusrts ol an

' ' _{_ A L The tow of mlsscise derw b sxpreesl
W b 1 ] - - UL S TE
B Ubss e form gty ol iseiope {1 0

AR P L B e il Tl P AL T A L |l||||l|r'|r i miwn

et of mBaa e Hedsars Sy w! B Critiesl Thinking

e e Wy S alas L ]

Serery v, i ':':_' T e 8. Bvabaate be Erpwrtame of telaarine
b . | s i ey Al ipe o2 Esth

Wnderstand Key Concepts

& Which eesalll ven e wnh oarbes © 147

A i feanillasd shark's th
W B am arrrnichesd corved e ol ek
_— . B i et il st
i B rhuronal frem an mosem cenpdie -—-:

& Eaplain wive listive e & This hilf Eibe ol protsssees i (K- 0}
ar mate geshd by duing ignen m L2% hilln yeam U you brpm
vocha- ki iy srw B ek with 130 g of KA how much
N T —— reyuars After 28 bellon yeant Lhey

the crrmet mimbwer of sigmiliae

| [ \higrte i v 2

L bws T TR OVEXR B ST S et
A Dffermmibabe fon s e fusopes
i dliiighiet puin) i

!
|
:

Lvaid 10 § Slherirn dow Thelen: IR

Visual Summary Understand Key Concepts
Concepts and terms are easler to remember when they are 4. D. charcoal from an ancient campfire
:lmsmmlﬂ:;d“v: a?an BN Wiich Kony Concept soes Such 8. Sedimentary rocks form fram grains of igneous or metamarnphic
rock. Dating these grains would give the ages of the ariginal
w material, or source rock, not of the sedimentary rack,
6. Parent isatopes are radioactive and decay, forming new
Answers may vary. The information needed to complete this elements, while daughter isotopes are the products of that
graphic organizer can be found in the following sections: decay process and may of may not be radioactive.
 Absolute Ages of Rocks
. Atoms Interpret Graphics
» Radiometric Ages 7. The term atom Is in the largest oval at the apex of the graphic
organizer. The terms In the remalning ovals are profon, nedtron,
Use Vocabulary kgl
4. Absolute age is an age given in numbers, while relative age is X
the age compared to the age of other things. Critical Thinking
2. hatl-life B. Answers should indicate that Earth Is older than its oidest rocks,

which can be dated using radicactive decay.

25 billon y 126 biliony _

3. Answers should show an understanding that an isotope is a
kind of atom having a different number of neutrons.

1
First half-ife =53 = 65 g; second halt-ife-23-2= 33 g,
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Study Strategy: Flash Cards Study Strategy: Bingo
Flash cards are a useful study aid that students can make themsehes. Most students enjoy playing games, which makes them an ideal tool for
Tell students they can use flash cards to study on their own or with a) studying. Many games, such as bingo, can be adapted to the classrogm.

partner. 1. Have students make a bingo game card like the one below on a

1. Have students write all the Key Concept statements on one side of a  sheet of paper. Each square on the card should contain & vocabulpry
sel of index cards. On the other side of each index card, students term. Terms may be used up to two times,
should write a question that could be answered by the Key Conceply, Read terms from the vocabulary list aloud. Students should mark
statement. Explain to students that each index card also can be called any squares on their game card that contain the terms you read.

a flash card. Students should say, “Bingal™ when they have covered all words In a
2. Form student pairs. Have each pair use the questions on their flash  row horizontally, vertically, or diagonally.
cards o quiz each other. 3. In order to win, the student that calls out, “Bingol” must be able

3. It time allows, have students expand upon their collection of flash correctly define each of the terms In the completed row.
cards by writing more guestions and answers about the chapter's| 4, Repeat this game several times,
content.

370 Chapter 10
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Key Concepts.

1. Ask students to organize their Foldables® in a way t
reflects how the concepts in each Foldable relate 1o
each other,

2. Use glue or staples to hold the sheets togaether
as needed.

3. When complete, ask students lo place their Foldab

critique and discuss the way in which students have
organized their Foldables®,

Use the Foldables® Chapter Project as a way to r_unnel

Chapter Project at the front of the room. Have the cla

Use Vocabulary

1 trace fossil § unconformity

2 Paleontologists/ 6 radioactive
uniformitarianism decay’absolute age

3 superposition 7 isotopehalf-lite

4 correlation/index fossils

Link Vocabulary and Key Concepts

8 uniformitarianism
9 relative age
10 11 superpositionfinclusion

unconfarmity
correlation

index fossils
absolute-age
radioactive decay
sotopes

half-life

= ]
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Understand Key Concepts

1 D. unilormitarianism
2 B. brain

3 D. lived a short time and was abundant

4 B JLEML

§ D. similar rock types and similar fossils

6 A 1million years

7 C. atoms of the same element with ditlerent numbers of

neutrons but with the same number of protons
B D. ratio of parent and daughter isotopes

9 C. Sedimentary rocks comain grains formed from other rocks.

372 Chapter 10

Critical Thinking

10 Answers will vary but might Include papers in a locker, dirty
dishes In a sink, or newspapers In a stack.

11 Sample answer: A person might have fallen into an ice crevasse
or into a lake that later froze.

12 Uniformitarianism helps scientists to understand most of
Earth's long history, but catastrophism helps scientists
understand the sudden changes thal are somelimes caused
by natural disasters such as huge volcanic eruptions, masslve
earthquakes, and asterold impacts.

13 Accept all reasonable responses, Sample answers: crosscutting
relationships, superposition, lateral continuity, and original
horizontality. The principle of inclusions would probably not
be used.

14 Graphs should show one half-life at the time on the x-axis

when equal amounts of parent and daughter exist; two
haii-lives should be when Y% parent and 3: daughter are lefi;

three half-lives should show 1/8 parent and 7/8 daughter.

15 Scientisls can date the volcanic ash using radioactive Isotopes
and then use those ages to determine the age ranges of the
sedimentary rock layers: rock layer A = older than 730 mya,
rock layer B = between 730 mya and 540 mya, rock layer
C =younger than 540 mya.
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! = 5 =! Evaluate, )

Writing in Science
16 Answers should convey an understanding that
absolute-age dating can give a numeric value for the age
of the oldest rocks. This Is essential for estimating the
age of Earth because the oldest existing rocks on the
planet were formed sometime after the formation of Earth.
Relalive-age dating only identifies the oldest rocks.

@ The BIG Idea

17 Evidence includes observations involving the principie
of relativeage dating, correlation and measurements
absolute-age dating.

18 Before the principle of uniformitarianism was conce|
scientists had no way of knowing the Grand Canyon's
age or how the Grand Canyon formed. Some thought
that it formed all at once in a great flood. Even if they
considered that it was very old, they could not estimat
its age precisely. Relative-age dating and absolufe-
dating are based on the unilormitarianism principle
that processes occurring today are similar to those tha
occurred in the past. By knowing this, scientists were
able to use a combination of relativeage dating and
absolute-age dating techniques to determine accurate
how old the Grand Canyon Is and how It formed.

19. first hal-ites5— = 34 g; second halt-ife
28— 17.g; third haittfes- 3 8.5 g:fourth

hw-me:%ﬁ- 425 (round to 4.3 g)

20. a. 3 x 3.823 days = 11.469 days
(round to 11.47 days).

b. First half-life = 50 percent, second
halt-life = 25 percent, third hall-life =
11;2‘%%::1511 38234

; ays
xhaliives . Thailiile * * - 2 naif-
Iives. Double the remaining mass twice
{i.e., once for each hall-lite). 2 % 0.0500 g
= 01000 g; 2 = 0.1000 g = 0.2000 g (Al
numbers in the problem have 4 significant
figures.)

L #

21.

€» OnLevel @ Approaching Levdlll Beyond Level Chapter 10 Review 373
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6 A—Correct. B, C, D—Evolution |s the gradual changing of
organisms over time. Supernaturalism is the belief In an

Multiple Choice
1 B—Correct. A C, D—A carbon film is a lossilized carbon

outline of an organism or part of an organism. A moid Is the
impression in a rock left by an organism. A trace fossil is the
preserved evidence of the activity of an organism.

2 D—Correct. A, B, C—Unless some force disturbs rock layers
after depasition, the principle of superposition explains that the
oldest rock is located at the bottom, making the top layer (4)
the youngest rock layer.

3 A—Cormrect. B, C, D—Lateral continuity does not involve
radioactive decay. Relative age is determined by surrounding
materials, and uncomformities are surfaces where a gap in the
rock record s produced.

4 C—Cormrect. A B, D—Fast decay of bones and presence
of few hard body parts would make the organism less llkely to
be fossiiized. Skin would decay and would not be fossilized.

5 D—Correct. A, B, C—Clams have a rounded shell that encases
their soft bodies. Mammoths and mastodons resemble
modern-day elephants with fur and long tusks.

otherworldly reality. Uniformitarianism Is the principle that
the geolagic changes that occur today happened similarly In
the past.

7 B—Correct. A, C, D—Carbon films and trace fossils do not

specifically comelale with a Ume perlod. Preserved remains are
a general descriptor of fossils.

8 D-—Correct. A, B, C=After one hall-lite, the number of parent

and daughter atoms Is equal—50 percent of each type of atom.
Each successive hali-life halves the number of parent atoms
and increases daughter atoms by S0 percent. Conseguently,
after four half-lives, 6.25 percent (or 1/16) of the atoms are
parent atoms, while 9375 percent (15/16) of the atoms are
daughter atoms.
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Constructed Response

9 The sedimentary rock layers (A) are older than the dike (B).
The sedimentary rock layers must exist before something,

i

such as a dike, can cut through them. This is an example i B
of the principle of cross-cutting relationships. 7 D
10 The dike (B) is younger than the inclusions (C). The 1 A
inclusions (rock fragments) must exist before they can be 4 c
included in the soft magma that will eventually solidify as 5 o
o dike. This is an example of the principle of incluslons. G A
1 Students should have accurately identified the diagram 7 B
as an angular unconformity. Answers will vary. Possible 8 D
answer: Younger sedimentary rock layers could have been q See exiended response.
deposited on top of eroded, older sedimenltary rock layers 0 See extended response
that are folded or tited. - T—— ;
12 Possible respanse: Carbon-14, or C-14, is radiocarbon, an 12 See extented response.

Isotope of carbon. The name C-14 is appropriate because
the isotope contains 14 particles in its nucleus—six
protons and eight neutrons. In Earth's upper atmosphere,
radiocarbon mixes with carbon-12 (C-12), a stable carbon
isotope. The ratio of C-14 to C-12 In the atmosphere Is
constant. All organisms use carbon to build and repair
tissues. During their lifetimes, the ratio of C-14 to C-12

In their tissues Is identical to the atmospheric ratio of
these isotopes. When an organism dies, however, it

stops absorbing C-14. The C-14 that Is present within

the organism then starts to decay to nitrogen-14. As a
result, the ratlo of C-14 1o C-12 changes as the arganism
continues to decay. By analyzing the ratio of C-14 1o C-12
In the remains of organisms, scientists can predict their
ages with relative accuracy. However, because the half-life
of C-14 is 5,730 years, measurable amounts of the isotope
exist only In the remains of crganisms that died within the
last 50,000 years. Older remains do not contaln enough
C-14 to measure accurately.

€D Onlevel @@ Approaching Levdll® Beyond Level Chapter 10 Standardized Test Practice 378
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Geologic Time Guides

) The BIG Idea

There are no right or wrong answers to these questions. Wite

- Humans and Dinosaurs

Answers to the Page Keeley Sclence

Probe can be found in the Teacher's Edition of tha

student-generated questions produced during the discussion on  Activity Lab Workboak.
chart paper and return to them throughout the chapter.
€ whot re fossis and how dothey  Accept any recsongdie responses of s Wihat do you think?
il A Ayt Mo il Knce 1K Use this anticipation guide to gauge students’ background knowledge

fassi gve fhe presened remains of

achent orgoniuns, Soue sludents may and preconceptions about geolagic history. At the end of each lessan,
w50 know that most fossifs form when ask students to read and evaluate their earlier responses. Students
Yganisms die ahd o quickly BUned By cheyjld be encouraged to change any of their responses,

sediment, which evenfually hardens fo

S, Anticipation Set for Lesson 1
I whete are Tossils founa? Again. pooept any reasonabio responses. 1. All geologic eras are the same length of time.
e e Disagree. The length of each era is based on distinctive
ice. amber, and for changes in the fossil record, not a certain number of years,
€D Whot do fosslis sind the rocks IORe ot studients will ke waat 2. Meteorite impacts cause all extinction events.
ﬁmmﬁ'"‘t" habout ﬁ ,ﬂ"ﬁﬁm :f;‘;" Disagree, Evidence indicates that one mass extinction event
the past. This question ix intendad to get was caused by a meleorite impact, but the cause of most
students 1o slor! thinking obout ow extinctlon events is not known.

rocks and fossis prowde cives aboud
Frow EQrtl has CRonged over (i
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What happened hereT
LB i 50

About the Photo What happened here? This crater is the
Barringer Meteorite Crater in Arizona—named after Daniel

i
b
d
|

____ Explore Activity

Can you make a time line of your gm.

life? i e

How e  you Engan e A ine ot "-' Viers eyt m_
Sive Inciunie s e J: --:-----I-: g i o *Hﬁuﬂi
- B
; U 'H.n“ll. .Ill I 1a : -Igl-.nhplpr Taos &

i II - ] L -:I I} III iC T |d|m".'.

&4 LAB Manager

Labs can be found in the Student Resource Hondbook and the
Activity Lab Workbook.

Barringer, an enginear who studied it in the early 1900s. Barringer

used the abundance of pulverized silica and metearitic iron in anc
around the crater to suppaort his hypothesis that a meteorite

1@ Essential Questions

produced the large depression. Before students read the caption, After this lesson, students should understand the Essential

ask these scaffolded questions.

Guiding Questions
m‘ Hiye FOul e made Il1ur|||;|1:r|||1. Huarenis vl Nve Mode S0Ch cooksgs
cookles? If so, how are Ihe oV weatched [hem -De""!l:.'l'-'r-’{?:]'f‘ Eounid de

Indentations in the cookles formed? obée fo exghoiy haf pressing down on g
bl of dough with o thiemb legwes on
IO, O ERpimbaring. i B Gouh

m‘ What o you think mads this Some sludards il kmony Deal ks camlor
Indentation in the land? farmmed Wi On Ooject from spmce
coiliged with Sl ond coused this poet of

e plonst 0 Decome inoemisd

m This Indentation, of cfateéd, formed Sludents ahonkd O abite o canckide Mol
when a meteorite collided with Earth. the ovsf thrown nfo fbe air biocked of
The impact sent much dust into the koSt sorme sunighl poross Earin 1'|'_m
alr. How might the dust have affecled decregse i Ught offected proguce

15 e Qrd Couned f:l":lh'r': ,r

DFOTIEms that could mof E‘E‘E"E‘r g the

iife an Earth &t the ima? FOLLTE

Chanoges o oo patincT

378 Chapter 1

Questions and be able to answer them, Have student= write
each question in their interactive notebooks, Revisil each
guestion as you cover its relevant content.

Vocabulary

Sequence
Hawve students think about how units of common time are
divided—days are divided into hours, hours are divided into
minutes, and minutes are divided into seconds, Likewise, years are
divided into maonths, months into weeks, and weeks Into days.
Explain that gecloglc time, which spans more than 4.6 blllion years,
also is divided into progressively smaller units. These unlts, from
largest to smallest, are eons, eras, penods, and epochs. Have
students take a few minutes to memaorize this sequence so that
they will be able to easily understand the different units when they
hear them.
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Units in the Geoalogic Time Scale
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2. Major events in the gealogical time scale
Wil i the bealle @tk Laoai geokagini ollie wiw
sboriipm usges i She dypies il ossils wishin the Lapers Sometin)
|emmils dn ampe ek defpey o] ol g bl peck leyers nighi
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The i soale @ ek in prepTes. Srenies dehar i b
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T il Catnidenc wtin ool
Developing a Geologic Time Line The Timescale and Fossils
Have students read the first paragraph on this page and use the
Units in the Gmnﬂk Time Line information in it and Flgure 2 to answer the scaffolded guestions.

Have students read the entire page and study Figure 1. Then ask Then use the Vocabulary note that follows to review how the word
the scaffolded questions to help students understand the geologiGeale is usad In science.

timescale and how it | divided. Finally, have studénts make the

Foldables® suggested on the next page to organize information  Guiding Questions

about the major units of geclogic time. A wriet types of fossils are generally | In generol, older (ocks confai fassits of
Guiding Questions faund in older rocks? simarl, refathely simpie fe-fonms,
ool devbi Geciogk mecsured in thousongs E USIng the fossi] record, what can you  Gver fime. Hfe-foms have evoived, of
ﬂmrﬁm - = E‘I’mﬁ:;:ﬂﬂ Desn'f::agw conclude about how Iife-forms have | changed, info progressively largec mave
B sing one year a5 the unit would changéd over geclogic time? COMPIEX oIgaEms,

have besn cumbsttome
“Wﬂﬂ you think the brachlopodi—  Sudenals showld e ihat brocfiopos

& wWnat are the longest unts of geclogic  Eons ore the units of the shelled organisms in the figure—  were poie fo cdapt fo changes over
alsopelgarlie qreies stk plesh st b d ore present b both ol and young | geologic tne and s survved

& when did the Paieozoic era begin and Fre Poleozoi era begon 542 myo ond

- ik Science Use v. Common Use

1% in which era da we Bue? W fve in bhe Cenosmic &ro. scale

Ask: Can you name some objects or materials that contain scales
which you might have used in science classes? Answers will vary but
might include groduated cyfinders, rulers, thermometers, and graph
paper, amang others.

380 Chapter 11
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Responses to Change
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Responses to Change Visual Literacy: Extinction Events

After students read the information in the first paragraph, use the Have students once again refer to Figure 3. If necessary, explain
Viocabulary note to review the meaning of the term extinct. Then that genera are biological taxonomic divisions. Have students use
use the scaffolded questions and the Visual Literacy note to help the graph to answer the questions below.

students understand mass exlinctions.

Extinctlion Events

3000 was Earth's

igi greatest mass
Word Origin 25004 grestest n
extinct 2 0004 event? af the
Ask: What does the term extinct mean? dying ouf Can you use the end of the
term in an original sentence that explains its meaning? Sample 1,500 Permian
afiswers: Onganisms thot aré extinct will never ogain five on Earth E.rrmci period Moot
organisms are those with no fiving members of their species. t'::.::""f

3001 ast during this

Guiding Questions event?

0
% wnat 1s 8 mass extinction? A mass exfirction 5 e extincton of E?‘&

mony species WitTin o shadt period af

G Rofor to Figure 3. How many mass  Five moss eadincfion events have
extinciion events have occurred over  ocrivTed over geologic Hime.

geciogic ime?

O Look again at Figure 3. Explain why AU of the aips in the curve indicats
some of the dips in the curve are not. gwfinction evenfs. Howeves onl ihe
considened mass extinclion evenls.  dmosiic drops in the numbers of genem

e mass exfinclion events

382 Chapter 11

Scanned by CamScanner



Visualize It!
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Precambrian Time Visual Literacy: Figure 6
Have students refer to Figure 6, and then ask the questions below.
Precambrian Life e 3

Point out to students that Precambrian time, because of its scope - About P bri
and length, is not a specific unit of geologic time. Point out also mhﬂ! mh:f ;mf;;

that Frecambrian time is about 90 percent of Earth's history. Also,

remind students that a unicellular arganism is a one-celled lrr

organism. Fossils of the few multicellular organisms of the Precambrian time

Precambrian time are rare bacause they were all soft-hodied. 4 =

students have read the section, ask the question below, g . ""ﬁm
Guiding Questions 45 40 35 30 25 20 1510 05

€ winough Precambrian tmo tpans  Sinco Eart contmuadly changes most af Vien i biffons: of yearn) y
neary 90 percent of Earih’s history, | e rocks ond fossils of the Precambrian Procimbrian Cambrian
ithe is known about it. Wiy have been destroyed by Earth processes
do you Hthink this s sa? Lithie 5 known obow! Precemivian e
forms becouse most were microscopic Bsk: i when did multicellular organisms
! feiw hivee been preserved in ihe foss? | on the about 600 milfion years ago

384 Chapter 11

Scanned by CamScanner



T
.

Unr Verabuiey Interpret Geaghics

i Devingeibsh b no e ol m oot 7 Bepleln wiee ve graphs ek
Frpdrerinlh Wie luppesed @ (U s
w Esmh paat

ezttt vy e Logrzhen

L Ay s socm o m
FroviveTaTEn ¢ hampes. wasienhy

o e ﬂ 1=

Understand Key Concepts
i VWikich condd presrilniie s
[P i m s H L
M i i

B 4 him o
. B, Osgartne inhoemation s and B m

C. 2 Immicane the g mgaiees bk 110 shasw

B & whcame enipten R I e e R — iy —
i i e
5 Espdaln how geogmaphe: bedmbon cap

AGaRDI RN

Critizal Thiniing

A Sugeesl ow e oupie cemriase
4 e Fxiseiiah svend

B Diwtiwsguleis betwesn i calendas sl ihe
Eaibgdle Lo woile

few jouils

B e

I
. Proposs wiy Foecmnbran ke rv."p:m.IE
i

Use Vocabulary Interpret Graphics

1. An eon is a unit of geclogic time that is much longer than an 7. The graph shows how the diversity of life on Earth dramatically
era, Eons are subdivided into eras. changed during the time shown on the graph, the anset of the

2. land brid Cambrian period.

3. mass extinction B. son = era = period = epoch

Understand Key Concepts Critical Thinking

4. D. a voicanic eruption 9. Possible answer: human-induced climate change could

.. o potentially lead to a mass extinctlon event.
Geographic isolation occurs when populations of arganisms ar
separated from other members of thelr species, As a result, m&n Precambrian life-forms contained few, if any. hard parls and

thus were less likely to become preserved as fosslis, Alse, the
m:::nu;gilfme RSy o5 ey SEA- W s many changes that occurred since the Precambrian could

have destroyed any fosslls that did form.
6. A calendar is a chart used to organize time on the scale of a
year, with months, weeks, and days. The geologic timescale is
similar in that it is used to organize timea, but the units are much

larger and irregular. It uses eons, eras. periods, and epochs 1o MB Mamger

measure time.,
How has life changed overtime? This lab can be found in the
Student Resource Handbook and the Activity Lab Workbook.

386 Chapter 11
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Think &basrt This ﬂm
g e
R ]
wéws e
veal maE
pETE T
i - s i
i L % 0 el T i
.

m‘ Now that you know that this monstel Smnce Dunkiepsieus vwos o0 ancesing
was a 10-meter long fish, whal etheq st 4 hod some chavaclen
About the Photo What animal was this? Dunkleosteus was a charactesixtics might it have had? | modiern fish
placoderm, meaning armar-plated fish, that lived in Earth's warm, ¥
shallow seas between about 370 and 360 million years ago
Althou gh this fish lacked true teeth, the bony blades around Its
mouth could crush anything that got too close to it. Before

students read the caption, ask the first scaffolded question to G

allow them to envision what this extinct creature might have LAB Manager

been. Then, after students read the caption, ask the remaining Labs can be found in the Student Resource Hondbook and the
questions so that they can learn more about this ancient fish. Activity Lab Workbook.

% ol

Guiding Questions

@ Essential Questions

After this lesson, students should understand the Essential
Questions and be able to answer them. Have students write
each question in their interactive notebooks. Revisit each
question as you cover its relevant content.

™ whot do you think this animal was?

that five
[rtie, o7
shude
that if wos

W About how big do you think this 15h's Acoent ony FETSORAME FESHon
head might have been? Aboul how  inform stugemts tal the O

lang do you think It was? heod was obout 1.3 maf its i i
ol s Gtyiieere o B 1o B i
kengih
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.. Engage | Explore Explain  Elaborate  Evaluate

Vocabulary
Ir
Word Origins

1. Have students “jump” ta the next page and read the Word
Origin information In the margin to see that the prefix
paleo- means ancient and zoe means life,

2. Ask: Look again at the geologic timescale shown at the
beginning of Lesson 1. What do you think the words
Mesoroic and Cenozofc mean? Mesozoic refers (o the life-
forms thot lived in the middle of geologic time. Cenozoic
rafers fo life-forms that lived more recently in geologic time.

Explore Activity

What can .yuu learn about your
ancestors?

Prep: 5 min Class: 20 min

Purpose
Ta model researching into Earth's past.

Before You Begin

To set the mood, you might want to display some artifacts or
photographs of such objects.

Guide the Investigation

« Some students might not know an elderly person well. Pair
these students with those who have living grandparents or
other elderty relatives.

« Encourage students lo write as many facts as they can about
the person, such as eye color, hair color, height, and so on.

« [tems such as old report cards, photos, spomns memarabllia, or
postcards might help students learn more about the person.

Think About This

1. Answers will vary. Students should realize that the oldey
someone is, the harder it may be to find clues about him or her.

2. Sclentists may say that knowing about ancestors’ llinesses, such
as cancer or heart disease, can help one to stay healthy,

3. Answers will vary. Students should understand that scientists do
not have complete information about Earth's distant past. and
that just as limited numbers of objects or artifacts are
sometimes the only clues about an older person, rocks and
fossils are the anly clues about Earth's past.

€» Onlevel @@ Approaching LevdilP Beyond Level

&=

Lesson 11.2 The Paleozoic Era 389
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Early Paleozoic

The Age of Invertebrates
Use the Vocabulary note before students read the first two

Geology of the Early Paleozoic

Have students read this entire page and use the information,
along with Figures 9 and 10, to answer the scaffolded questions.
As you teach the lesson. have students make and complete the

paragraphs on this page. After they read, have them use what thehree-tabbed Foldables® book suggested on this page.

read and Figure B to answer the scaffolded questions.

Guiding Questions

@ what era of geotogic time will you be
learming about in this lesson?

Ledsan 2 cowrs e Paitonsic &g

ﬂ What two periods of Hme make up the The Combwion and Groowichon periods
Early Paleozodc era? make up the Early Pelsoraic &vo.

'ﬂhl’lﬂnl-‘l_;n-ll-hnhlgilih e Pofeoroic eno losted abouf 297
Paleazolc efa lasl? AT S

Word Origin
Paleozoic

Have students read this information again. Ask them to infer what
paieontologist, paleomagnetism, and pofeoclimate might mean,

392 Chapter M

Guiding Questions

[ ) Study Flgure 5. Whal types of Students shouwd be obie fo enfily coval,
organiums lived In the seas during the rlodies, and sponges. Some siudents
first two periods of the Paleazolc eral might even recogimize Mie cophatopods

that gppeared during the Grdovician.
ke sure shudents do Aot st Tih os
baing present duning the eanly Poiéosolc
Fish frst appeared dusing the Stk

Which is o povl oF ihe Midos Paleazoit
D piow do Inland seas form? Inkaad seas fonm when ooean water
floods cantinens
AW Lock at Figire 100 Wil bao difvice eured Ausirait are just east of
comtinents are just east of future ferfure Narth Amesico
Morih America?
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Engage Explore . Explain Elaborate Evaluate

Visual Literacy: Paleozoic Era
Have students carefully study Figure 9.

Ask: Inwhat period did
IHfe first appear on land?
Visiial Check Answer:

€E® OnLevel @  Approaching Levdll Beyond Level

Differentiated Instruction

To reinforce and extend the material presented on the Early
and Middle Paleozolc eras, assign students the varous tasks |
as described below,

€ What am I? Have students use Figure 9 to choose and
research one of the organisms from either the Early or
Middle Paleozoic era. Instruct students to use their findings
and write five to seven statements that describe the
physical characteristics of the organism. Statements should
be in the format * have o very long body." “l live in the
ocean.” and general enough that the rest of the class Is not
able 1o guess the organism immediately. Allow Approaching
Level students to read their statements whlle the rest of the
class tries (o Identify the organisms.

@ The times they were a changin'l Have students write
at least two creative, scientifically accurate paragraphs from
the perspective of an organism from the Early to Middle
Paleozoic that describe how Earth and Its life-forms
changed In the first four periods of the Paleozoic era.

TEE.EhE[TﬂﬂJbD raEEE s R EE PR R B EEE AR R AR

Activity

Quick Quiz Use the sentences below to quiz students
about what they have learmed on these two pages. Tell
students that either Early Poleozoic or Middle Paleozolc
answers each question.

All life was in the oceans. Early Paleozoic

The Appalachlan Mountains formed, Middle Paleozoic
Fishes evolved. Middle Poleozoic

Warm, shallow seas covered much of Earth. Early Pafeozoic
Trilobites were abundant. Early Poleozoic

Plants appeared on land. Middle Paleozoic

Most life-forms were Invertebrates. Early Paleozoic

This time is often called the age of invetebrates, Early
Paleozoic

Lesson 11.2 The Paleozoic Era 393
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Middle Paleozoic

After students read the first paragraph on this page, ask the
scaffolded questions 1o assess their understanding of the Midale
Paleczoic era and its significance in evelution

Guiding Questions

€% which two gealogic periods make up
the Middie Paleorolc era?

The Siliran and Dewouian peripads moke
up e Aickdle Poleosoic &io

m‘ Where did many of the [Ife-faims live Mun_, e-farms Bved along ihe fanges af
at the end of the Eadly and the fhe coafinents
beginning of the Middie Paleazolc ara?

The Age of Fishes

Hawve students use the information in the second paragraph and
the Silurian and Devonian portions of Figure 9 to answer these
questions.

Guiding Questions

ﬂ‘ What were the dominant organiums anFahes were e dorminant ohgEnE M i
Earth during the middle part of lhe e Middie Poleosoi 5605
Paleazolc ern and where did they Bve?

@ What types of arganisms began 1o Insecis and small planls Proiaed on
evaive on land during this parl of the fond guning the mwddie part of oe
Paleazolc era? Poipagois o

394 Chapter 11

% Wiy co pou think early plants were
small and ived in water?

Early pls Wed i woler decose Moy
Fyoived from aquanic ancestars, ang ey
were smad bacaouse they hod fo become
afapied fo life on lend belgve ihey could
el il il

Geology of the Middle Paleozoic

It necessary, remind students that geafogy |s the study of Earth and
the changes it undergoes over time. Then, after students read the
last paragraph on this page, use guestions to relnforce some of the
major gealogic events of the Middle Paleozoic,

Guiding Questions

Kay Concepl Check: How did the
Appnlu hlan Mountalng form?

The mownioins fovmed when severo
fomamasses coifded wihh IRe egstern
coas of North Ameica.

s Why are the Appalachian Mountains = Students showd bfier it Eorih
today not as high as. they were diting processes such os wealhering and
iha end of the Paleozoic eraf etasian hove warn the ronge dawn lo ils
cuvrent faem
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Visualize It!
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Formation of Pangaea The Permian Mass Extinction

After students read the first paragraph and study Figure 13, ask  After students read the first paragraph In this section, ask the first
the scaffolded guestions to assess their understanding of Pangaescaffolded question. Have students read the rest of the page and

and its significance. ask the remaining question.
Guiding Questions Guiding Questions
ﬂmmmm Pongoen wos o large confiment made up ﬂﬂmhmmﬂwmmm The farmvalion of Pangeea, mafar
of all of Eaith's presenl-gay landmasses Permian mass extinction? valcanic eruptions, of @ meleofie mmpact
e possible cowses for the Permian
I How dud Pangaes's lormation Mounhalt ronges Bemed, Co SWEmEs mpss extinction
affect Earih? anked up, and ciimates becmme Cooker
ol drige. mmm What does Tossll Foash evichence ingioptes fhal 35 peroeaf
o reveal aboul the end of tha of of \fe-forme in Earit’s poeans ond A0
ﬂml whal you learned in Lesson 1 When Pangoe broke up. popuiotions of Peleozolc era? peveen! of e We-forrs el leed o knd
about how geography affects species may have been seporoted. The became extingt.

evalution. Infer how the breakup of | Separonon dndg the ife/en préssunes
Pangaea might have affected species £och PopLITHion faced probonly resuted
that lved on lsnd during this tme.  in the formobion of oW Species.

396 Chapter 11
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Use Vocabulary Interpret Graphics
1. The Paleozolc era is the oldest era of the Phanerozoic eon; the?. Cambrian, Permian

Mesozolc era s the middle era of that eon, B Priisnbions Palcitels Wekeadlc Ehhedie
2. Inland sea

3. Possible answer: Pangaea was a supercontinent that formed Critical Thil‘lkiﬂﬂ

during the Lote Paleozoic. 8. Life might have siowly evolved all over agaln, much as it did
in the Precambrian. It would start with single-celled
Understand Key Concepts organisms, and over billions of years, more complex
organisms would evolve,

4. B. It was at the eguator.

8. They both had lungs, could breathe air, and had thick skin that 10 1 climate change progresses toa quickly for moder living
prevented them from drying out. Thelr strong limbs allowed GRganising 10 Adept, thiey Wil becoine auinct,
them to easily move around on land.

6. Acceptable cartoons should depict the protoamerican continent
celliding with other continents and defarming the land aleng MB_M mger

the entire eastern region.
When did coal form? This Lab can be found in the Student
Resource Haondbook and the Activity Lab Warkboolk,

398 Chapter 11
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I 11-3 The Mesozoic Era

Mevoroir Thundar?

About the Image Mesozoic Thunder? The orange
colared corythosaurs shown he haarosaurs
dinosaurs. in

e wWere
flatie
on the tops of their heads
these animals may have

addition to their long ned snouts, these

animals had large crests
that the sounds m

plaring trumpets

rade by been

Guiding Questions

m What do you think the lange, orangs
crosts on the tops of these dinosaury’ ¢
heads woere for?

D Now tell students that the animals
fiakal o SRS enlended At these My [
crests. How might this have affecied
sounds made by the corythoseers?

Bt el ool e
SorTe shRperss Mg ety

e that

long distances, I what other ways g
might the sounds thal were made P

with the crests have been useful? have olso

D in aadition to communicating aver | The
r

o foatiroe

400 Chapter 11

and Browny ahe can be found in the Student Resaurce Hondbook and the

or duck-bllledy
Tell students
similar to

How diverse were dinosaurs?

Frocedues

nades ramd

Taps : n———

Thumd Aot Ty

&4 LAB Manager _

ity Lob Workbook.

@ Essential Questions

A5

After this lesson, students should understand the Essential
Questions and be able to answer them, Have student= write
each guestion in their interactive notebooks. Revisil each

question as you cover its relevant content

) Vocabulary
&= Similarities Among Words

1. Wiite the three vocabulary words for this lesson on the board
or on chart paper. Divide each word into its two maln parts

dino/saur; plesio/saur; pterofsaur. Have a volunteer identify
the commen word part. (~sour

2. Tell students that lizard." Now ask students to
use what they know about dinosaurs to infer what plesiosaurs
and pterosaurs were. (Using this meaning, students might
n"ér that plesiosaurs and pterosours were large lizardlike

agfures hat once ived on "{"I'.I" |

-E0LIr means
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3. In their Sclence Journals, have students write thesa three
words and make simple drawings next to the words that show m
what these organisms may have looked llke. After you have
completed the lesson, have students compare their drawings

with the illustrations in the test.

Explore Activity

How diverse were dinosaurs?

Prep: 60 min Class: 20 min

Purpose
To learn about the dinosaurs that lived during the Mesozoic era,

Materials
Student: index cards, tape

Before You Begin
Prepare enough ndex cards for each class member. On each card,

write the dinosaur species name, its length, its height, and when

it lived.

Guide the Investigation

« Before students beagin this lab, have them discuss what they
know about dinosaurs. Make a list on the board. At the end, see
if they changed their minds about anything.

« Show students the largest paper size they can use to draw their
dinosaurs, This will help them decide on a common scale,

Think About This
1. Students will see that there was a huge size difference among
dinosaurs. They will also see that Triassic dinosaurs were small,

2. Students will see that not all dinosaurs lived at the same time.
Many lived and became extinct in a shart amount of time.

3. Key Concept Answers may vary. Students who have seen
pictures of plesiosaurs and pterosaurs may suggest that
dinosaurs do swim and fy. Tell students that they will read more

about how dinosaurs move In this lesson.

€ Onlevel @@ Approaching Levdll Beyond Level Lesson 11.3 The Mesozoic Era 401
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Mesozoic North America Guliing Questions

After students read the first paragraph, use the Vocabulary note € How did the salt deposits of North Ty Rumied Mien Seawoisr aicyivofed,
lo review the meaning of the term evoporated, Then ask the Amarice 3o Aeaving MOESYe SO HRPOSTS Dent
scaffolded questions to assess tl}eil understanding of the major € How did the Rocky Mountains form? P Ry SRS Rt OF Eevol
events thet affected Morth America during the Mesozoic era. ionamasses coided, causing the crust fo
Finally, use the Visual Literacy note to challenge students to Durckie to fova the moumiain range,

identify the dinosaurs shown in this part of Figure 15.

% wnat does the word subducted mean?  Students showd be able fo infer fram the
[t Bhed SUOTUChed Mans [0 go Imaer &
oneoth, semotiing, W inE case, ihe

Review Vocabulary orenn‘rg,m'ﬂ'{slwm.sumurrmmnmm the
pop rated Novtth dimericon piato.
1. Ask: Have you ever used a vaporizer when you had a bad € why do you think the u:;:hm part Thie Rocky Motrdiin rrir.'gﬂ nh;mw
i of the future North Amercan continentmosiurench oir caming from the west
cold or l:ﬂl.lﬂh?. Some students wiil likely hove used = wes 50 dry? Hint: 10 Pigure. 77 (b dore ool reoch the sonhwost
voporzer. Ask: What does a vaporizer do? 4 voporizer hetp you answer this question. Jesufting in @ ey avea caled a i
changes liguid woter fo o gas called water vapor. shadaw

2. Ask: Use the word evaporated in an original sentence.
Sample answers: The rain evoporoted from the puddfe. Sweart
evoparated from my skin to cool me down. The vaporizer
odded moisiure to the air as iquid woter.

404 Chapter 11
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Other Mesozoic Vertebrates

This section of the lesson discusses some of the not-so-well
known Mesozolc lifeforms. After students read the first two
paragraphs on this page, ask the scaffolded questions to help
students compare and contrast plesicsaurs and pterosaurs. Then
use the Vocabulary note balow.

Guiding Questions
T wiet wore presioraurs? Plesiosours wei e MEsopoe mine
reptiles with smail heads, long necks, ond
Mppers.
T What were plerosaurs? Plevosours were Mesarok renfies fhaf
wmed U fonge Dalllke wangs fo M
Visual Check: How did the imbs of | The fimis of the plercsaurs gove e
these reptiles compare to the limbs af gnimal oo evect posture, whde the dmbs
dinosaurs? of the plesipsaur gove Hhe animeal o
sprawiing postune.
Key Concept Check: How could you The pressrved remelng of the wings ond
distinguish between tassits of figpers copld be used fo aistngnsh
mwmmmmwmm*m
af ather dinosaurs?
Eﬂqhmmhhpm:m Winlle Quetnmiooalius wos o lorge orimal
reached the size of many of their mosT DREIGSOUTE Were redatively smalf
Mesozolc contemporaries? because of the prirary woy in wiich they
mawed—fiying frough He oir

406 Chapter 11

Woaord Origin

pterosaur

Pronounce the term for students, Then write the following words
on the board or chart paper and have volunteers take tums
pronouncing each: pterodactyl. Ptillnopus, ptomaine, plerapod,
and plerygium. Challenge students to pronounce the following
words that also begin with a silent p- psoriasis, psyche,
pseudonym, and pRewmomna.

Appearance of Mammals

Cretaceous Extinction Event

Belore students read the second paragraph, have them recall the
Lights Qut! demonstration from Lesson 1 In which yvou added flour
to a glass of water to simulate how a meteorite impact, coupled
with major volcanic eruptions, might contribute to mass extinctions.
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Use Vocabulary Critical Thinking
1. plesiosaur B. Sample answer: If there had been no Cretaceous extinction

event, dinosaurs might have continued to dominate the world

2. pterosaur and avalve. Humans would not be here and intelligent dinosaur

Understand KW Can:apts descendants might have been in their place.
9, Sample answer: The breakup of Pangaea provided many
. D. The Atlantic Ocean lormed.
. ﬂ. ' isolated environments instead of one single continent. In this
4. Most reptiles were fairly large while the mammals were way, many different lines of diversification took place.
relatively small. Digging Up a Surprise This feature can be found in the Activity

5. The Rocky Mountains formed as the westem edge of North  Lab Workbook.
America collided with an oceanic plate, The colilsion caused
the crust to buckle and form the mountain range.

Interpret Graphics

B. The sprawling posture is typical of modern reptiles such as
crocodiles, The erect posture represents both dinosaurs and
modemn birds.

7. Triassic, Jurassic, Cretaceous

408  Chapter 11
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What evidence do you have that you
went to klnuergarten? . E“'.J m
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About the Photo Is this animal alive? This statue is displayed 8y abs ca n be found In the Stuelent RPesauree Handbook and the
La Brea, the tar deposits that formed tens of thousands of year agodctivity Lob Workbook.,

In what s now downtown Los angeles The statue represents an

extinct organism known as an American mastodon. The mastodon @ Essential Questions

fossils unearthed at La Brea indicate that the animals probably After this lesson. students should understand the Essential
went to the water to drink and became stuck in the sticky black Guestions and be able to answer them. Have students write
goo. Unable to get out, they likely died of exhaustion or starvation €ach question in their interactive notebooks. Revisit each
and their bones became preserved in the tar question as you cover iis relevant comtent.
Guiding Questions "f'-‘-._"l Vocabulary

€ i this animal alive? Build on Pricr Knowledge

1. Ask: What is a glacler? Students should recall from Lesson 3
or other chapters thot a glacwer is a large mass of ice.

2. Ask: Do glaciers move? Most students will krrow that glociers
mowve

3. Ask: What do you think a glacial groove is? A giociol groove
s a deep gouge In a rock that is made gs a glocier moves
over Earth's land.

al the same time A% humans. What do o
fou think It was like to lve ﬂlnm-g-.-ll:lq P
thess animals? EVHTTIONS

food., fur

'3 Why do you think this specles became Soms s¢
extinct?

410 Chapter 1
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ExploreActivity B sacter Notes &

What evidence do you have that you
went to kindergarten?

Prep: 5 min Class: 10 min

Purpose
To help students model how sclentists search for clues ta the past.

Before You Begin

Students from other countries may not have attended kindergarten
or may not have evidence of earlier schoolwork. These students
could conduct a search for evidence of a news story Instead.

Guide the Investigation

Be aware that not all students or parents presena schoolwaork. Also
be aware that not all the evidence will reflect positive school
performance or happy memaories,

Think About This

1. Sample answer: Students might have more recent schoalwork
than older schoolwork, because recent grades reguired more
work and the work has had fewer opportunities to get lost. On
the olher hand, studenis may have produced more artwork or
olther materials of sentimental value in kindergarten, so more
itemns from that grade might have been saved,

2. Key Concept Mewer evidence s sometimes aasler to find, but
in all cases the circumstances of the evidence, which includes
the nature of the evidence, and the environment it was found
In, must be favorable for the item to be preserved.

€™ Cnlevel @@ Approaching Levil Beyond Level Lesson .4 The Cenozolc Era &M
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Geology of the Cenozoic Era Cenozoic Mountain Building

Have students recall from Lesson 1 that geologic eras are divided Most of Earth’s major mountain ranges formed as the result of the
into periods and that geclogic pericds are subdivided into epochs collision of tectonic plates. Plates are large slabs of Earth's crust
As you teach Lesson 4, have students use thelr shutter fold and upper mantle that move slowly over Earth's surface, When
Foldables o organize their notes on the most recent era of plates collide, crust buckles to form mountain ranges. If one plate
gealogic time—the Cenozoic. slides down under another, voleanlc mountain forms,

Guiding Questions Guiding Questions
@ Recall that the Prlectolc era lsthe  Shudents should say thaf the Canazaic @ Name one mountsin chaln that Tae Mimaiayas, the Aips. the Rocky
aldest era of gealogle time. The o i e pewest, o7 moal Fecent, ero of formied during the Cenozoic era. Iowntoins, the Coscades, ond the
Mesozoic ern Is the middie era of  goalogic time Serto hevooo aif formed duriog fhe
geologic time, How can you describe Cenoroic era,
the Cenozoic era?
™ were the Appaiachians ameong the N, ihe Appalachions formed during the
€I How is time in the Cencaoic ¢1a Th Cencaolc aro [s divided info the maimtaing that formed during the | Poleozalr e,
subdivided? Tertiory and Quitermary periods These Cenozoic?
poriods are divided inle spachs. The
Helocene EpOCh (5 the most recent epocn Reading Check: Why ate the Earth processes hove coused Biem fo
of the Quilernary perod Appalachian Mountains relatively efode, or wear down, over fime.
sitiall loday?
I How does the length of the Cenczole  The Cennzos &0 15 e Shortest &g of
era compare to other geologic eras?  geniogic fine A The Alps and the Himalayas arestill | Tae piates ot colided to farm them are
fising. WhyT SN moving feword eoch alher, forcing
e rocks to greater heights.

412  Chapter 11

Scanned by CamScanner



g
PR
y ;

Pieistocene lce Age
Like thwr Mrnsrmc e the s i ke
¥ Ta e wekiam, I Lhe mak] ¥
tiary perad. ib TeR# hezEr
12 o X 1l N
R K

amen 84 T B s L]

P T T . ML T —— SElE T, Tty g @0 aaip

Cenozoic Lle—The Age of Mammals

-

b mw ruano e rveni @ v el of Che et e m

ihewr wa mewr grade b nich mirvivieg e 5
s e srbendury &
Liset g § T TH IS TP T O I R
= * i A

i # Limed Thers jils i Thih  sprsl purheg b
eraibied the evolenon o sy e a thilidify  see e
mLImIma Lizmmab were s nereshil shat the L mnovnic o3 |

mar i calied i manuTals

see sl i Figeew 21, i i
miasd eru o ool FRSES- LA Eidi, -
Dilygeens an] Miieens i
e, wnch aw wnlhy
b cirs, Lived ]
I* 2
ae dibinak v hes ]
Fgure 32 wm i
e Brmrare of Al CPha 3
il el bandars i s Pastin i Ve B8 Thc s oo 2ai |
ATy i el ol yean in glatsl u T e
L] Lrmmer B

Pleistocene Ice Age

Ask: Examine the photo. The glacial grooves are the deep scratches in
the rock beds. In which direction did the glacier move over these

The Pleisiocene ice age was actually a series of glacial events that,.pe3 The giociers moved paraliel to the glacial grooves— either from

were punctuated by warmer periods of time. The colder periods ofthe fareground to the background, or vice versa
time, called the ice ages, are thought to have been caused by

Earth's webbling on its axis and changes in Earth's orbit around

the Sun.

Guiding Questions
& wiat was the Pisistocene ice age?

T what i+ one form of evidence Ihat
marks the kast ice age?

m' Look at iha animals showm in the
Plebstocons spoch of the Qualemmary
period. Infer how these arganisms
were adapled 1o the cold climales of
the lce ages

IT s O Birmd CTCArinng) WATICHT QOCHTS
covernd aF much oS 30 penceal .of Earih's
surfore

Dirop glaciol Groowes i Some 1ecks are
ayidence that l;l'ﬁ!'l:JEri existed ond moved
over the jand

The saher-fooihed cofs and e
mcrwrrodies fogl fhvck cocls of fur ongl
kmyevs of fof that kept them worm. The
sl eas ond short feils of the
mETITIOLTS Mg oiso hove bean
oogpied o minimirng hool ss

Visual Literacy: Pleistocene lce Age
Have students refer to Figure 22 to answer these questions .

414 Chapter 11

Ask: Approximately what percentage of the United States was cove
with ice? about 25 percent
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Isolated Continents and Land Bridges Academic Vocabulary
Review with students how changes in landmasses can either bringhypothesize

organisms together via land bridges or separate them when the R

| i Aft ent Ask: How is a scientific hypothesis different from a scientific
land covered by 394 $ correctly nnsuumw A hypothesiz is an assumpiion about something that s unsure.
all of the questions below, you might want them to do the MiniLaba theany is an idea that has been proven and supparted by much data.

at the end of this lesson. Ask: Do hypotheses ever change? Yes, hypotheses can and do change
if they are not supparted by data.
Guiding Questions
@ Wnot are morsupiais and where are | Marsupiols are mammais it conymer~ VISUAI Literacy: Land Bridges
they most commen? deveioping young in @ peuch on thek Have students study both maps shown in Figure 25 to answer
W m OV M CONmTmOn thl'“ qumil

Reading Check: What major geologic Evdence suggests thal morsupials did

#vents affected the evolution of mat rigingle i1 Alrsirolo. iTstaod, ey

marsuplals in Australia? evohved in olfwer pioces and migrated fo
dursiroiia when South Amevicg, Anfonchica,
ond Aistraiio were connected by lond
Deioges. Tien, winen (e anamasses
seporofed, fhe ancestrol morsupins
evoived info ihe marsunials thet ive in
Austiaiio today

€ Tasmania is o large Island off the coastyes, (ere are UrGUE MATSUIDIS o
of Australia. 1t is thought o have Tnmomio, Popuicliions of Austrofan
separated about 10,000 years age. Domarsepials fved on ife innd thot becams
‘you think there are marsupinds unique separofed. Affer sepordtion, they evohved
o Tasmania? Explain. ino umigue species.
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Visual Summary

Concepls and terms are easier to remember when they are
associated with an image. Ask: Which Key Concept does each

image relate to?

e

Answers may vary. The information needed to complete this

graphic organizer can be found in the following sections:
= Geology of the Cenozoic Era
« Cenozoic Life - The Age of Mammals

418 Chapter 11

2P

Use Vocabulary
1. glacial grooves
2. Holocene

Understand Key Concepts

3. C. saber-toothed cal

4. Homo soplens, mammoth, grass

Interpret Graphics
5. Choice A

6. Sample answer: [n the large circle: modern mega-mammals;
smaller circles: elephants, large whales, rhinoceroses, palar

bears
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Critical Thinking

7. A mountaln range might be produced If the Australlan continent
were 1o crash into Asla. This Is what happened when India
crashed Into Asia, resulting in the Himalayas.

4 million years - 5 million
E.B - ?55” : “aﬁz‘.!.per:ent

&4 LAB Manager

Modeling Geologic Time This Lab can he found in the Student
Resource Hanabook and the Activity Lab Workbook.

o -ll---lll-ll-!--lll!---!-!!--!ll---!--!-

Reading Strategy

Cenozolc Time Line Have pairs of students use the
Cenozolc time line that you have been compiling 1o quiz
each other on the major biologic and geologic events of
the era.

Fun Fact

Bering Land Bridge National Preserve The Bering land
bridge disappearad about 15,000 years ago. Today, the land
nearest this bridge is a national preserve. It is located In a
remote part of Alaska, about 500 miles from Anchorage ancd
55 miles across the Bering Strait from Siberia, Russia, The
presenve was established in 1980 to study geologic
features, such as lava flows and ash explosions, as well as
plant and animal migration across the Bering Strait.

Cultural Diversity

Lucy's Legacy In 2007, Lucy, the oldest and most complete
specimen of a human ancestar, began what could be a
shi-year-long tour to some of the most well-known science
museums In the world. Seme leading paleontologists are
afraid that the fragile skeleton will become damaged from
all of the handling and traveling from museum to museum.
Lucy's 80 pieces were sent out of Africa In hopes cf raising
the international profile of her homeland, Ethlopia, as well
as to raise money for the impoverished nation.

Lesson 11.4 The Cenozoic Era 419
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Study Strategy: Tell a Story
In this chapter, students learn about how life on Earth changed over
geologic time., Thus, much of the content can be organized iequentl

Concepts and 5 a useful study aid for any content discussing events
take place in a certain onder.

1. Instruct students to make a small storybook about Earth’s history.
of this chapter's Key Concept statements should be used in the
storybook,

2. Encourage students to lllustrate their storybooks.

3. If there s time, aflow students to share their books with the class,
Examiple:

The Slaw of Earlh
Earlin #» maryy peions of wears old Becowse d 1 w0 old, qeologrsts have o qpecwl
ity of descriomg be i fie podt Geoologede orgonee Earfl ime wo cone. oros,
perods, and epoche. Each con, erm, pernd, Mmﬁaiiﬁrﬂﬁmmuﬂw
e e diflerence 15 e anansies ol e durmg each sepavale e pened
The argansn: are diflrond beeowe of aokden, Lk acles o5 Eardlis contrerds

|, lvng lad lovidges and coneing grogrphic eclalion

Study Strategy: Change One Letter

h¥ Write all of the vocabulary terms on the board, but chunge one |
of the term so that it is spelled Incorrectly.

Alp. Challenge students to identify which letter was changed. First,
students should make & chart like the one below in their Science
Journals. They should copy the misspelied terms and strike through
the letter that was changed. Then students should write the r.nrre}ted
terms in the second column. In the third column, they should writ
mnemonic device that will help them remember the term,

Exampla:
Misspelled Term Corrected Temm Magmonic Device
o m A eon i by Thain an ora
perdl pored Carpared lo oraz, perods
ave pelils,
wparcon e spermonmad Pangpen were cuper b, Thal
mates | a supereonivent.
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Evaluate

OLDABLES N m

Use the Foldables® Chapter Project as & way to connecl
Key Concepls.

1. Ask students to organize their Foldables® in a way thit
reflects how the concepts in each Foldable relate to
each other.

2, Use glue or staples lo hold the sheets together
as needed.

3. When complete, ask students to place their Foldab
Chapter Project at the front of the rcom. Have the cla
critique and discuss the way in which students have
organized their Foldables®,

Use Vocabulary

1 eon §. Paleozoic era

2. perinds €. coal swamp

3. mass extinction 7. plesiosaurs

4. |nland seas B. Pleistocene epach

Link Vocabulary and Key Concepts

8. Precambrian time 17. Permian Mass Extinction
0. Paleczoic era 1B. land
M. Mesozoic era 19, Dinosaurs (or reptiles)
12. Cenozoic era 20. Crewceous extinction event
13. simple, uniceiiular 21. mammals

arganisms

22. ce age

4. ocean
15. 6. Age of Fishes/ Age of

Amphibians
€» Onlevel @@ Approaching Levdl®  Beyond Level Chapter 1 Siudy Guide 421
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Understand Key Concepts
1. A. It had hard parts.
2. D. sudden changes in the fossll record
3. B. severe hurricane
4. B. Paleczolc, Mesozoic, Cenozoic
5. B. planis
6. B. collisions of continents
7. D. Tiktoaiik
B. D. Dinosaurs were extinct,
9. €. Humans did not live with dinosaurs.

2y
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Critical Thinking

10. A major change in Earih's climate could lead to mass
extinction because all organisms depend on the environment
for their survival. If the environment changes quickly and
organisms cannot adapt, they'll die.

M. The Permian-Triassic mass extinction aftected the evolution
of life In that there were fewer organisms after the mass
extinction, and only organisms that could adapt to the
changes survived.

12. Students might predict that the climate would be cooler and
drier, because land masses would be larger.

13. Amphiblans can live on land, but they must return to the
water to mate and lay eggs. Reptiles do not need water for
reproduction and can spend all of their time on land.

14. Dinosaurs have a unigue hip structure that allowed them to
walk upright, which allowed them to bear maore weight and
mave faster.

15. Sample answer: This is a good Idea because there Is evidence
that we are going through a climate change on Earth right
now, 1o which humans are contributing. The new epoach
should begin in the mid- 1800s, which is about the time of the
Industrial Revolution.
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16. The Cretaceous period should be on lop because it s
the moslt recent, and the Jurassic period should be in the
middie, The Cenozoic era should be above the Mesozoic
era because It is the most recent.

Writing in Science

17. Students’ letters should include detailed information
about the time period to which they would have traveled.
They should be arganized, such as one paragraph on
organisms, another on climate, another on the position
of Earth's continents, and so on. Letters should include a
date, a salutation, and a closing.

) The BIG Idea

18. Scientists have leamed about the evolution of Earth's
lite-forms, what the climate was like throughout Ea
history, and how land masses moved on Earth, Earth’
life-forms evolved in response o events such as
meteors and volcanic erupfions that biocked sunfight
and reduced temperatures. They also evolved due to
geographic Isolation when tectonic plates separated
areas that had once been together.

19. Changes on Earth thal can cause an organism to
become extinct include: meteors or volcanoes erupti
and blocking sunlight, the movement of continents,
changes in sea level, and temperature changes such
during an ice age.

Use Percentages
20. 10, 000y/1,800,000 y = 0.56%

21.. (5.3 — 1LBjyN65.5 — 1.8) y = 5.49%

€» OnLevel @@ Approaching LevdllP Beyond Level

Chapter 11 Review 423
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6 B—Correct. A C, D—To live on land, amphiblans developed
lungs to breathe oxygen, strong limbs to move about on land,
and thick skin 1o slow molsture loss. However, amphibians
must return to water to mate and lay eggs.

7 D—Correct. A, B, C—Mega-mammals are large mammals of
the Cenozolc era. Woolly mammuoths, giant sioths, and saber-
loothed cats are mega-mammails that lived during the Pliocene
and Pleistocene periods. Some of the largest mega-mammals,
however, lived during the Oligocene and Miocene periods.

8 A—Comect. B, C, D—When glaciers move, they transport
rocks thal form glacial grooves. During the Plelstocene era,
glaciers covered most of northeastern United States. It is likely,
therefore, that the Northeast had the most glacial grooves.

9 D—Correct. A, B, C—The graph shows that sea level rose
during the Mesozoic era. In that era, [t rose most dramatically
in the Cretaceous petiod. By the late Cretaceous period, the
sea level was so high that inland seas covered much of Earth's
confinents.

10 A—Comrect. B, C, D—The Paleozoic era began 542 million
years ago and lasted 291 million years. During this time
period, invertebrates evolved rapidly, the evolution of fish and
amphiblans followed. Tectonlc plate movement caused the

Multiple Choice

1 C—Comrect. A, B, D— According to the time fine, the Precambrian
era began about 4.6 billion years ago and ended with the advent
of the Cambrian era about 0.6 billlon years ago. The Precambrian
era lasted approximately 4.0 billion years.

2 B—Correct. A C, D—Epochs, the smallest units of geologic
time, combine to form periods. Perlods, in tum, combine 1o
form eras. Eras are subdivisions of eons—the longest periods
on the geologic time scale.

3 B—Correct. A, C, D—Because so many kinds of
Invertebrates— animals without backbones—inhabited Earth’s
oceans during the Early Paleozoic. this part of the era is known
as the age of invertebrates.

4 B—Correct. A, C, D—The unigue hip structure of dinosaurs
distinguishes them from present-day repiiles. Legs positioned
directly beneath the hips enabled dinosaurs to walk upright. In
contrast, the legs of present-day reptiles such as the crocodile
extend sideways from their bodies.

5 B—Correct. A, C, D—The oldest fossils of human ancestors,
found in Africa where scientists believe humans first evolved,
are about 6 million years old. Modern humans, or Homo
sapiens, evolved later during the Pleistocene epoch.
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formation of the supercontinent Pangaea. Coal swamps
formed from plant matter in swampy areas of tropical
forests. Mammals do nol appear in the fossil record until
the Mesozolc era.
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11 A—Correct. B, C, D—Scientists who studied fosslis in ; :
rock layers discovered thal adjacent layers sometimes |[
contained very different fossils. Sclentists used these a L
abrupt changes to mark divisions in geologic time. : g
5 B
Constructed Response 8 g
7 D
12 Answers will vary. Possible response: The arrows Indicate . 2
the five major mass extinctions In Earth’s histary. During a 5
a mass extinction, large populations of arganisms die or
become extincl. 10 A
13 The Permian extinction event is most significant. . :
According to the graph, the number of genera declined to 1 £ CRRING M
about 25‘“ 3 See entended response
14 Environmental changes contribute to mass extinctions. L 5o exiended regame
Large volcanic eruptions can block sunlight, reduce L S T
temperatures, and cause global climate change. Major 16 See exterded response
meteorite impacts can kill many arganisms and send L See extended response.

debris into the atmosphere, causing climate change.
Organisms can die if they are unable to adapt.

15 Sclentists hypothesize that the first marsuplals migrated
to Australla from South America when the two were
connected to Antarctica by land bridges. When Australia
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separated from the other continents, these early A
marsupiats evolved Into the marsupials Australia has : ’ E
today.
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16 Answers should include the following information: the
climate of the Mesozolc era was warmer, 50 no glaciers
existed during most of this era, leaving more water in
oceans. As Pangaea split, seawater spilled onto the land,
creating channels that eventually became shallow inland
sens. Sea level rose during most of the era, with inland
seas covering much of Earth's continents. The abundance
of aguatic environments helped existing and new aguatic
organisms flourish,

17 A clay layer containing the element iridium occurs in
many places on Earth. This clay layer is about 65 million
years old. Iridium in rocks is rare on Earth but common
in meteorites, Using this information and knowing that
no dinosaur fossils have been found in layers above the
clay layer, sclentists hypothesize that dinosaur extinction
resulted from a meteor|te Impact
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