- S 712 R M

3
il HMERINE

[X] BEAFENH - HEF F & RBRIEL % #

N

<

Earth Science

_Geeology, the Environment and the Universé




Mc ESFERENHEH

Graw

Ejit.!clation %S.I- é ﬁ Im % % — Hﬁ

RF AR S QPRI FE

HVARE ) il RE Rk I3

gy | AAHFRILEAMF KB

BT RXFNEM, FHRERT —MHER,
FIAMFHTFEMKEA,

-
- AL, T R SRR R AR )
. RERSLES, FAZA, Faen
| SRIHEEE, GRS RIPHEET
Earth Science
- «*4#7/1}%%» ’1 @: J)JX AHFEEBA
- B, R R AR R TS




XESPEREMAM

= 2 I E

V| . TS 55
i

(] #MIEF - ED F &
BRIl kit 2 & K& KRB EHE XK &
BERE Aol SR

i

t and’ Umvesﬁ




The McGraw-Hill companies

connect ED.mcgraw-hill.com

% Education

Copyright © 2013 by The McGraw-Hill Companies, Inc.

All rights reserved. No part of this publication may be
reproduced or distributed in any form or by any means,
or stored in a database or retrieval system, without the
prior written consent of The McGraw-Hill Companies, Inc.,
including, but not limited to, network storage or
transmission, or broadcast for distance learning.

Send all inquiries to:
McGraw-Hill Education

STEM Learning Solutions Center
8787 Orion Place

Columbus, OH 43240

ISBN: 978-0-07-658713-1
MHID: 0-07-658713-4

Printed in the United States of America.

10111213 141516 QDB 2120191817 16

STEM

McGraw-Hill is committed to providing
instructional materials in Science,
Technology, Engineering, and Mathematics
(STEM) that give all students a solid
foundation, one that prepares them for
college and careers in the 21st century.




Authors

The authors of Earth Science: Geology, the Environment, and the Universe
used their content knowledge and teaching expertise to craft manuscript that
is accessible and accurate, geared toward student achievement.

Dr. Francisco Borrero ~

is a research associate and Adjunct Curator of Mollusks at Cincinnati Museum Center in Cincinnati, Ohio.
He has taught Earth science and Spanish for over 20 years, most recently at the Cincinnati Country Day
School. Dr. Borrero holds a B.S. in zoology from Universidad del Valle, Colombia, and M.S. and Ph.D.
degrees in biological sciences from the University of South Carolina at Columbia. Dr. Borrero's research
examines the relationship between physical habitat characteristics and the diversity and distribution of
natural populations of mollusks.

W

Dr. Frances Scelsi Hess
is an educational consultant following many years of teaching Earth science and advance placement
environmental science at Cooperstown High School in New York. She received her B.S. and M.S. in
science education from the State University at Oneonta, and her Ed.D. from Columbia University. Dr. Hess
is a Fellow of the Science Teachers Association of New York State, and has received numerous teaching
awards, including the Phi Delta Kappa Reed Travel Scholarship to Australia and New Zealand, the
Presidential Award for Excellence in Science Teaching, and National Board Certification.

Dr. Chia Hui (Juno) Hsu N

currently works as a project scientist at University of California, Irvine. She holds a B.S. in physics and
Earth science from Taiwan Normal University, an M.S. in atmospheric sciences from Taiwan University,
and a PhD in atmospheric sciences from Massachusetts Institute of Technology. Before beginning her
graduate work, Dr. Hsu taught ninth-grade Earth science. Her research interests include the dynamics of
monsoons, climate regime shifts, and modeling global-scale atmospheric chemistry.

Dr. Gerhard Kunze w

is professor emeritus of geology at the University of Akron in Ohio. He has a B.S. in science and a Ph.D.
in geophysics from Penn State University. He was an NRC research associate at Johnson Space Center,
Houston, Texas from 1973 to 1974. In 1990, Dr. Kunze was awarded a senior Fulbright scholarship to
teach geophysics at the Institute of Geophysics, a department of the University of Kiel in Germany. His
current research interests include engineering geophysical surveys and digital modeling of geophysical
anomalies.

Dr. Stephen A. Leslie ~

is the professor and department head of geology and environmental science at James Madison University
in Harrisburg, Virginia. He was formerly an associate professor of geology at the University of Arkansas in
Little Rock. His areas of research include paleontology, stratigraphy, and the evolution of early life on
Earth. He has a B.S. in geology from Bowling Green State University, an M.S. in geology from the University
of Idaho, and a Ph.D. in geology from The Ohio State University.




Stephen Letro

has been a meteorologist for the National Weather Service, the media, and private industry since 1971.
He currently serves as the Meteorologist-in-Charge of the National Weather Service office in Jacksonville,
Florida. He received his B.S. in meteorology from Florida State University with an emphasis on tropical
meteorology. He is a member of the National Hurricane Center’s Hurricane Liaison Team, and has received
numerous awards, including an award for his role in restructuring the National Weather Service.

~—ma Dr. Michael Manga

is a professor of Earth and planetary science at U.C. Berkeley. He has a B.S. in geophysics from McGill
University and a Ph.D. in Earth science from Harvard University. His areas of research include volcanology,
the internal evolution and dynamics of planets, and hydrogeology. He is a MacArthur Fellow, and has
received the Donath medal from the Geological Society of America and the Macelwane medal from the
American Geophysical Union.

Len Sharp

taught Earth science at Liverpool High School, New York, for 30 years. He has a B.S. in secondary
education and an M.S. in science education from Syracuse University. Mr. Sharp was president of the
Science Teachers Association of New York from 1991 to 1992, and president of the National Earth Science
Teachers Association from 1992 to 1994. He was a Presidential Awardee in 1995, and received the 2005
Distinguished Teacher Award from NSTA and the 2006 NAGT—Eastern Section, Outstanding Earth
Science Teacher award.

~

is a professor of astronomy at the University of Colorado. He has a B.A. from Yale University, and an M.S.
and Ph.D. in astrophysics from the University of Washington. Dr. Snow is a founder and former director
of the Center for Astrophysics and Space Astronomy at the University of Colorado. He has led instrument-
development programs for space-based telescopes, and was a member of the Science Team for an
ultraviolet spectrograph that was installed aboard the Hubble Space Telescope in 2008. Dr. Snow’s
research examines the gas and dust between the stars, called diffuse interstellar bands (DIBs).

~

Dinah Zike

is an international curriculum consultant and inventor who has developed educational products and three-
dimensional, interactive graphic organizers for over 30 years. As president and founder of Dinah-Might
Adventures, L.P, Dinah is the author of more than 100 award-winning educational publications, including
The Big Book of Science. Dinah has a B.S. and an M.S. in educational curriculum and instruction from
Texas A&M University. Dinah Zike's Foldables are an exclusive feature of McGraw-Hill textbooks.

~




Teacher Advisory Board

The Teacher Advisory Board gave the editorial staff and design team feedback on the content
and design of both the Student Edition and Teacher Edition. We thank these teachers for their
hard work and creative suggestions.

Francisco Borrero
Cincinnati Country DayHigh School
Cincinnati, OH

Bill Brown
Grandview Heights High School
Columbus, OH

Teacher Reviewers

Carmen S. Dixon Jane Karabaic

East Knox High School Steubenville City Schools
Howard, OH Steubenville, OH

Joel Heuberger Terry Stephens -
Waite High School Edgewood High School
Toledo, OH Trenton, OH

Each teacher reviewed selected chapters of Earth Science: Geology, the Environment, and the
Universe and provided feedback and suggestions regarding the effectiveness of the instruction.

Mark Brazo
Lincoln High School
Portland, OR

Gayle R. Dawson
Blackman High School
Murfreesboro, TN

William Dicks
Northville High School
Northville, Ml

Alvin Echeverria
Del Sol High School
Las Vegas, NV

Wendy Elkins

Blue Valley Northwest High School
Overland Park, KS

Carolyn C. Elliot
South Iredell High School
Statesville, NC

Sandra Forster-Terrell
Atherton High School
Louisville, KY

Carol L. Jarocha
Northville High School
Northville, Ml

Steve Kluge
Fox Lane High School
Bedford, NY

Sussan Nwabunachi Oladipo
Wells Academy High School
Chicago, IL

Michael J. Passow
White Plains Middle School
White Plains, NY

Jeremy Richardson
Lewis and Clark High School
Spokane, WA

Angela Jones Rizzo
AC Flora High School
Columbia, SC

Terry Stephens
Edgewood High School
Trenton, OH



Content Consultants

Content consultants each reviewed selected chapters of Earth Science: Geology, the
Environment, and the Universe for content accuracy and clarity.

Anastasia Chopelas, Ph. D

Research Professor of Earth and
Space Sciences

University of Washington

Seattle, WA

Diane Clayton, Ph. D
University of California at Santa Barbara
Santa Barbara, CA

Sarah Gille, Ph.D

Associate Professor

Scripps Institution of Oceanography
and Department of Mechanical and
Aerospace Engineering

University of California San Diego

San Diego, CA

Alan Gishlick, Ph.D
National Center for Science Education
Oakland, CA

Safety Consulta

The safety consultant
materials for safety an

Kenneth Russell Roy,

Director of Environmental Health and Safety

Glastonbury Public Schools
Glastonbury, CT

ed labs and lab
lementation.

Janet Herman, Ph. D
Professor and Director of Program
of Interdisciplinary Research in

Contaminant Hydrogeology
University of Virginia
Charlottesville, VA

David Ho, Ph.D
Storke-Doherty Lecturer & Doherty
Associate Research Scientist
Lamont-Doherty Earth Observatory
Columbia University

New York, NY

Jose Miguel Hurtado, Ph. D
Associate Professor of Geology
University of Texas at El Paso

El Paso, TX

Monika Kress, Ph. D

Assistant Professor of Physics
and Astronomy

San Jose State University

San Jose, CA

Amy Leventer, Ph. D
Associate Professor of Geology
Colgate University

Hamilton, NY

Amala Mahadevan, Ph. D
Associate Research Professor
Department of Earth Sciences
Boston University

Boston, MA

Nathan Niemi, Ph. D
Assistant Professor of Geological
Sciences

University of Michigan

Ann Arbor, MI

Anne Raymond, Ph. D

Professor of Geology and Geophysics
Texas A&M University

College Station, TX




BEE BT — IR IR, BE R & P B BLEE R E D
PEE A, B R R A GBI , 5 R [ R R o I IR RIRE R
fERIRHUR AR AR E L.

5 P B B R FE VR SE AL TER ARAE 55 R A B AE T, fie st oy
A R R, PRI EE GG R, KR LR
o R T Sl i A IR AR S A SR IE N A e R T 2

HITLEE AR AR B TR E A A R U E SR aish
BEPpE s, Horb 5] A 3R E R = Hob R 5 Z BIEE B Z 0G0 .
2008 F 5|t K E R EREAEM (Bl 2 0E  hE R
F ST ) R E S P AR T R R 2R AR AIES
HERHAIE, AR, REEME S -H /K (McGraw-Hill) EF Hi it
EHE ZWHEMZ RIS, UORHTTLEE A 2935 , 4 RIS
KB BT EITEIE T (RegilE  ERele e,
IS FHGE D).

HAREOM AR N A SR 2B 0 R H R A st PRI
SFEOTHERIL T AR O R R X IR E H a1 EE ST R PR SR
M RRAREE L.

A B HEWP A KB BT B H A 1642715 3h -5 B PR 2 [A] 1Y
KER. AR GE REOIEBNA RS+, B kR
HAO SR AR . XSRS S A UE AN
REINRM SR REATFE AR, EEUR T #ERRTER
AR FR R R B

A5z LR A AN A7 B BR IR 85, N2TT R &8 .30
WA BN BRI S RS AKE A KR BMNEAN RS
W S BEIRIRE R AR M R ICEFFRIIE X 1
R T REERA TR T T #R I BE R . IRAR EE SN
FHAINRBIARKNN S HSRET MRS ERMEEM, 56
PE BRI I A R



A3l 1 2 [ — X R IE AR E R SR R A 5T .
SC 4 HE VR S E ELUA b RSO0 , 58 05 8 O A O T AN R P | R
AR A AR T KR SRR R . LR
R FRAT A T 5 (B8 80 ) 35 7 B0 BT 24 I DX i 4 A i
) XA PR

AAR AL HE AEF LRGSR BEMIRE F AL T RN
MR, 167 Wt iRl st B2 HEM BRI 3 R 5 2w Ak
LRG| BB 2R R RARE J“ERIE. B
R ABEERR S AEHL R BT T A AT B BRI T B
REJT , iEAATTRES 22 LABUH  FE L SC IR rp R R SR RSBl

245517 8 BTG, I 30 B, WRLF (A< i 31 3t BR =2 A1, 9\ B it o
Di s 5FEHALE A B T4 REME RPN SRR, AHBE
BEREERGER, PSS 3~6 HhBERIE, B2 ME7~105
B SRR B, 50 11~ 15 Tl AR BB, 5 16~20 F5 th AR B E, 56
21~25 FE AR TR EE B, 5 26~ 30 T th PRRBHIE , H 5% WU RA S it
SRR B EMRE, 2 ChBE RIS . RTEE A 5K
L ESCP A AR MO E TR IE .

SR HOR AL M e AR, FE R AE 2 R SRR B
B TR B SIEIE. AEARBHREEN h2E 80T BT
5% TAEE R — BT LA, T 2 b2 A IR 2 T TR

P
20184F 10 A FAER ML A 2F



IRBEREIFHEER
BRUTSREETBRFEIF.

ZENEXFEIF

| REKERE EEEASALSREZEHER |

1 cm, EEXFARKIDLER . \ — e
2. B EIDGE LB, FRAKAN—HEI R, | =
3. BERRITRRNE, E—SABET, FLEKETF >

FERS,

1. B—WENKRER T @FTR=F0
2. BEKRFHT, DRGSR LEFS,




mxXFEIF

: | .
L A-RAEREINBRGOR. 05 | | R
DERFRLLHTR L5
2. BIEHK E THEHFHE. _ [ bl e [ J‘/
3. WERRF REE EBR T HATR n ,

R, 2SEE—B"1"HRLEFS.

1. BB NRKFERE, BREB DS X

I, AR S E L TIARA SRR 2 cm. r— T
2. BEIREEA OFA=FH. F‘, ]“-,
3. BEKEF, DREEIRBA T HENE LL L
KITF, D BT LS. O‘R :

. ORI, BRSO EE AR R E E.
2. B TRTEARKIZRE=1T0—MEHEE, 25
BEeE—MREFS. 5




F18x HMKFEF

B BISSEIERR v viin i 4

$o2E gg%ug&{n&gﬁ-ﬁ ..................... 28
S22 HIRAMAL

BT PPEETY - veeeereemeeniinrenns 58

B W st s 84
BERE MAER curowssemesssivsais 110

BEE JREETHEE oo 132
BIBT MRMRL

78 KA BRI e 162 ¥
EXE TGS LTI S 192

OM HUHEAK wovnesssusswonssssnmsssanavas 292
HIOE: H Tl s e 250
$48w XKSESHF

%11? RER v, 280
FEI2EF HEF e, 312
FI13E RNBOERF - 342
BIUAE B - 374
F15F HEER ERIBEIE - 404 ¥
FI6T EEIREE oo 436 <. =
SHS58n FBAHHIK >
%‘17% MRERAGIEIR - 466
BAIBTE  RULTER o vovewaronon movaiodiviieg 498
EEIGTE M PEooworcomsvmmeny sy clilied 526
B20EF BUGEFEN oo 560 N
FoBx MEFER

FNNE AAFERICFE e 588 B .
$£EF FEREHHIR oo 818
£23% HER PERFOFER - 646
W8T FWESHE
BOATE HERIGIE o oooeereermoeeereornnns . 876 |
HOEIE BB JHorrveoererereneresesshnibils i i
$26F AKMHBRIBNFA oo 732
WSWT MEmZH
Lo7E A - - ARRG oo 762
HOST KB F -oo oo rmwsonvoassai vixindihld 794
HF29F B B 828
BI0W BEGEH - oeoeon oenibinevat 860

BED)VEIE e 890



%1i ﬂgﬂg*ﬁ .............................. 4
i BRI CAMHARBBEEBRETE? s 4
ﬂﬂﬁﬁ% I HIRBIEE 6
W2YE FEBMBTEIET IR -+ coovsossvmrcane nemowans vwassonn oianosvs 10

AR R B EIRYIETR oo 12

BT FAEEERE oo vvesovsnminimusuivso b fombrisnmses s e sisasiss 17

ﬁ;&ﬁ*ﬁ-;gﬁ %J{@#Eﬁﬁﬁ .............................. 18

TRERIRE 7 S (1] 3R e e e masis s s comsmmmesen duss s s cums cums 20

AT FERREAIGITUER oo ovverree e 21

gzi é%ﬁ];ﬁﬂ‘] a(]ﬂﬁ ........................ 28
EHRE  FESH—EROBED? 28
WMAR BREEIGERIE - ovcooneorrsvin sspnsnossave e vemtveas s fav s 30
PEAREEEE EHBR ERYE. e 32
MW BB o oo vocnsans cons camanens wos st vt siens 34
BELIS Vl'%g ............................................. 37

g 3 i %Eﬁi{t .............................. 58

BT BUSYEREFRLEH LD e, 58

mﬁmmm B1F B B 60
FHAREEES JRBITTER e 62

W2YE PEEEY - 66

HWEESLLS FRITRIZAETR oo 70

;3-.“- ﬂﬁﬂ‘lﬂﬁ ...................................................... 73




g4i E‘ m ................................. 84
BETH TYEEMLRR? o 84
B HAREP oo 86
HARSEIE AIRRIEEMII - 92
HIESHTEIE %‘J«E#‘fiﬁﬁi*ﬁ .............................. 94
H2H WHMAR 96
17 1 1717 T =R, - IR LT TR P TSP IO PRTPTRRPIPOS 102
HEEEEe BRI oo 103
HSE Y s 110
AT QMAERIFHI? e 110
1Y HABRKEE 112
HIRCLE ttﬁkﬁi?“:iu .......................................... 115
B2H MREEMAI 118
FEETIS BRIERIREER e 122
3Rl 5 T4
HEEASREe TRt EERAARR 125
%6? ﬁﬁ%ﬁ%ﬁ% ..................... 132
RETE XBEAITIHA? oo 132
B1YE RBREMBE 134

RIS AEHITIRRE MR o oveeererrre e 136




| B7E R St oo 162
E EFLE BUSKEARBAARR? e 162
s I i B R T ————— 164
mim’ﬁ{k *2* Euﬂﬁﬁ ................................................... 171
BRI BB e 172

MR i, B Lot S o L SRS L2 RS 176

ﬁ%ﬁ*ﬁg@g& ﬁ%ﬁﬁ ....................................... 182

RN AR RAREBEHRR oo 184

mi;gﬁ *ﬁ;ﬂiﬁr‘mﬂﬂt ............................................. 185

E8EW LRKIEF RFKI oo 192

BHER KNP EARYSTEHAR@? 192

L e e T 194

!2* u ............................................................... 201

% 9 i ﬂ_hiﬁzk ................................. 222
RETLTW KEUMEHEIERI?  cvvvvreererrereromvmnniinnenn 222
IR WRERIERR oo 5 st i iEme B St 224
HeEsL BRMEE - YN R N 227
B2 MBI - vonveriarrnmsnnm e nnssnssrs e sesone s 232

U A 31103 %) ' SRR TR MSPSROTIE ) & Wt



HI0EE HTFAK e 250

BT KBUNMOMETFEH TEI? oo 250
B1Y MTAROEDRBEE 252
E2YF HMTAKBBEAGTR 259
$B3P MTFARBMEE 263

7 RESELE g'%ﬁg-ljj:ﬂg}fjﬁljﬁg] .................................... 264

EINE O KEE e 280

N BHTR RHALERSHEMIR? oo 280
*ﬁ_ﬁﬁ# 1Y ASEER o 282
— W29 ASEMEE 289
FRELIS EFRMRIE -oooorveerr e e 294

ﬁ{d\g‘giﬁ TBEBKHITEER --vvveeerrrrrrmmermrennmmrinnn 205

%“]2ﬁ ﬁﬁg .............................. 312
BELE ASHABRUETLEB? oerremmrmeenn 312
B1Y KSBIRE 314
BEURSEIS  BEASAPARIIE - ooveveeeromrsmmneorsmmnnnnnnnsssnins 315
BIY EERGE - 318
M3F EMAMMBIE e 324

wAY ‘lﬂﬁﬁﬂﬁﬂ ...... . o R O




