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DEDICATION

This book is again dedicated to the late Dr. Allan Thompson (Department
of Geological Sciences, University of Delaware), who did not shrink from
learning something new and then teaching it. And to all those instructors
who, like Al did, teach about the importance of the science of geology by
transporting students to the other-worlds of Earth recorded in the rocks
of geologic time.
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PREFACE TO THE SECOND EDITION:
FOR THE INSTRUCTOR AND STUDENT

As the title indicates, Earth’s Evolving Systems attempts to
bridge the gap between traditional historical geology texts
and the study of Earth’s systems. The response to the first
edition of Earth’s Evolving Systems has been quite gratifying,
especially given the recent emphasis by a National Science
Foundation—sponsored webinar by the American Geophys-
ical Union and American Geological Institute in October
2015 entitled “Geoscience Workforce and the Future of
Undergraduate Geoscience Education.” The respondents to
this webinar emphasized at the outset the complex, dynamic
linkages among Earth’s systems, the role of “deep time” (and
thus the role of the scale of time in understanding process),
the origin and evolution of life, climate change, and energy
resources. All of these topics were emphasized in the first
edition of Earth’s Evolving Systems and continue to be empha-
sized in the second.

Nevertheless, there is always room for improvement,
and I have attempted to respond positively to reviewers’
comments on the first edition. This has of course involved
some compromises, given each instructor’s approach to his
or her particular course and research and teaching interests.
Chapters have been updated with information on significant
advances that have been reported in the literature over the
past several years. Themes stated at the beginning of each
chapter are now restated or rephrased, in some cases as “big
concept” questions, which are highlighted at relevant points
in the text margins of the chapters. As before, each chapter
is followed by a summary that provides a detailed overview
of the chapter.

The following key points about the second edition are
applicable to all chapters:

B As in the first edition, a major theme of the text is the
method of multiple working hypotheses and debates,
among them the origin of the theory of plate tectonics,
the origins of the atmosphere and life, the tectonics of the
western United States, human evolution, and the recog-
nition of Milankovitch cycles.

B Discussion and contributions and photos of some major
women scientists to the earth sciences, such as Marie
Tharp and Lynn Margulis, have been included in the rel-
evant chapters.

B An extensive list of references is provided at the end of
each chapter, along with a list of key terms and review
questions. In addition, a second set of questions, called
“Food for Thought,” is provided to stimulate students to
think beyond the chapter material.

Part I: Earth Systems: Their Nature
and Their Study

Major changes were made to Chapters 1-6 to improve the
flow of the material in Part I:

B Chapter 1: A brief discussion of Vladimir Vernadsky, the
founder of Earth systems science, has been added. The
discussion on the nature of historical sciences such as
geology has been improved by eliminating Chapter 18
from the first edition and incorporating certain elements
of that chapter into Chapter 1.

B Chapter 2: As before, much of the discussion of Earth’s
history revolves around the framework of the tectonic
cycle. Plate tectonics has therefore been moved from
Chapter 6 to Chapter 2.

B Chapter 3: The discussion of the interactions among
Earth’s systems has been simplified, and the introduc-
tion and discussion of specific stable isotopes have been
pushed back to the chapters where they are explicitly tied
to the geologic record. A new section has been added to
this chapter, “How Does the Tectonic Cycle Affect Other
Earth Systems?” which describes the effects of the tec-
tonic cycle on sea level, ocean circulation, the hydrologic
cycle, and major lithologies.

B Chapters 5 and 6: Chapter 5, which presents evolu-
tion, remains largely unchanged, but it now precedes
Chapter 6, which deals with geologic time and stratig-
raphy. Discussion of iterative evolution has been moved
from Chapter 14 to the section on marine organisms dur-
ing the Paleogene.

Part Il: The Precambrian: Origin and
Early Evolution of Earth’s Systems

B Chapter 7: Chapter content has been updated to reflect
the most recent research.

B Chapter 8: A few reviewers questioned the relevance of
a chapter on the origins of life in an Earth science text.
However, I believe that life’s origins are among the most
fascinating chapters in Earth’s history and that this is
when the initial, fundamental interactions among all of
Earth’s systems began to occur. Life has been a geologic
force throughout much of Earth’s history, as empha-
sized throughout the text. The study of the interac-
tions between life and Earth therefore serves as a bridge
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between the biologic and inorganic worlds. Furthermore,
like evolutionary theory, origin of life studies present via-
ble alternatives to Creationism. A new paragraph at the
beginning of the chapter now reiterates the rationale for
retaining Chapter 8.

B Chapter 9: Chapter content has been updated to reflect
the most recent research.

B Chapter 10: The discussion of the origins of various
important fossil phyla has been augmented.

Part 11l: The Phanerozoic: Toward the
Modern World

B Chapters 11-15: Chapters on the Phanerozoic con-
tinue to use the tectonic cycle as a basic framework for
understanding the history of the Earth. Many figures
in these chapters have been replaced and sections on
various taxa augmented with multiple photos and new
artwork.

B Chapter 15: The section on human evolution in Chapter
15 has been completely revised and reviewed by two pro-
fessional paleoanthropologists.

Part IV: Humans and the Environment

B Chapter 16: As before, Chapter 16, which is on rapid

climate change, sets the stage for the Gordian knot of
natural versus anthropogenic climate change and its
sociopolitical implications for future climate and energy
resources, which are discussed in Chapter 17.

B Chapter 17: As explained in Chapter 1, the initial study

of Earth systems was a response to anthropogenic effects.
Humans are now a major, if not the most important, geo-
logic force on the planet. The emphasis on the environ-
ment and “sustainability” at many academic institutions,
including my own, does not diminish the importance of
historical sciences, such as geology, in addressing these
problems. In fact, the inclusion of chapters on anthro-
pogenic impacts and their potential resolution is a prime
opportunity to make historical geology not just an exer-
cise in the “past” but to make it “contemporary” and “rel-
evant” and to potentially awaken students’ latent interest
in the history of Earth and its lifeforms. Consequently,
I have occasionally tied certain portions of Chapters 16
and 17 to examples from the geologic record.

Ron Martin
Newark, Delaware
August 10, 2016
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THE STUDENT EXPERIENCE

The second edition of Earth’s Evolving Systems: The History B Major Concepts and Questions Addressed in This
of Planet Earth was designed with numerous features to cre- Chapter—Every chapter opens with a list of questions
ate an engaging learning environment for students and to that will be addressed throughout the chapter. Students

enhance their experience with the text:

should review this list prior to digging into the chapter to
help guide their focus. The new text design also incorpo-
rates icons identifying where in the chapter each concept
is addressed to help guide study and review.
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REVIEW QUESTIONS

aquifer ince naplorhines pacific pat®
gasinand Range PO Holocene precess » 1. How do Paleogene and Neogene events differ from 5. How might have tectomism contributed to the growth
(3 grasses horst—and‘%‘aben precess\on ofthe equinoxe® cach other? Make a chart labeled Paleogene and Neo- of glaciers over both poles of Earth?
CA grasses Juan de Fuca plate \mates gene across, and down the left side of the chart list 6. What is the evidence for the advance and retreat of
e gl a the following: (@) continental movements, (b) sea northern hemisphere glaciers from land? From the
CoastRanges LakeBoNNEY Rio Grande Rift \ 1o ,
\ate ths o Fault Tevel, (©) atmospheric CO,, (d) ocean circu ation, deep sea?

Cocos P mammo - an Andre? (e) oxygen, O plankton, (® calcite compensation 7. How do the three major Milankovitch frequencies
ailuvial meor\j. M“\ankov\td\ oC Sierra Nevadd depth, (h) terrestrial plants, and (i) terrestrial animals. interact to produce climate change? Do all three fre-
East pacificRis® rmoraines _ single orign v 2. Onamap of North America or another continent(s) of quencies always accentuate glaciation or warming?
eccentrddty mumreg\ona\ evolution < ole species h\jpo‘heS\g the world, find the following features that formed dur- Why or why not?

2 single sP . 8 .
farallon plate fypothests - Exiinction ing the Neogene and discuss how they formed: Ama- 8. How does the evolution of humans resemble that of
. W is zon rain forest, Amazon River, Arabian Peninsula, Aral other taxa, such as the horse? What factors contrib-
FrontRange obliquity ) 1ab £2P fypothes!
| erratics out of AfiCa fypothes's & R Sea, Basin and Range, Cascade Mountain Range, Coast uted to the evolution of humans?
glaciel € n\nterchaf\%e . et Ranges, East African Rift Valley, Front Range, Greater 9. Evaluate the different hypotheses for human evo-
Great pmerice Antilles, Gulf of Califomia,l—limalayas, 1sthmus of Pan- lution for their strengths and weaknesses: multire-
ama, Mississippi River, Rio Grande Rift, San Andreas gional, single species, and turnover pulse-
Fault, Sierra Nevadas, and Yellowstone hotspot. 10. What is the difference between a species and a race?
3. What was the effect of the uplift of the Himalayas on 11. What was happening on Earth about 10,000 to
global climate? (See also Chapter 2.) 11,000 years ago?
4. What was the effect of the rise of the Isthmus of Panama
on global climate and life on land and in the oceans?
m o TTETTTE T

Food fi

o ;);ST:L(;ughtd—More in-depth than the Review

e indiviciual ood for Thought activities are great

or indiidual or group assignments in or out of the

o abou. hey will -Challenge students to think criti-
t the material presented in the chapter

H Sou
rces and Further Reading—The list of refe
T-

ences fOI tlle Clla[)[el 1s a glea[ place fOI Studell[s to
beng addl[lollal IeSeaIC}l mnto SpeClal [OplCS

ul.
! o
Xtingy;, N of the

+ Remgip, ftie &
sh, Eiy S of Hp, ce, nard, vy,
0 0 erecyy 2
us fr K i
: r £ om B dri 00
> hrougy twge;-lfgy the g 17320 outt) [ 1 erican CYEpo 1: o thougiy;
. noh‘(\ewesﬁ— Tidge. illion Years e Sou, i Onaﬂe’sky : 7(6):105‘1 h“man o Dlﬂary &
imentati® a { ouliple N, mbrj e{'{ Plate-tecy,, s 1206, 4 o 3750 . o
p e te thod © evolygi Ini; nic b o) > Augy, - DUt of 4 B
5 the 3. DesCY‘b,e Srates in U { the me €bruary ¢ lution,, di Pregs, " ek R g e §
oheses 4¢ in ‘United S prer - ffect o, Fossil ey V8809 lemma. s ¢ Amrcas o1, T & L
c e of the Y‘\; i and Rang® List working otheses rly primates \ater & 9 ¢ ,Marc},uzl diversifies e Scence eulfas o ther, o fel -
f a aptation 2. g ! amil urph 5, 15 Al .
text for the orig! \(1) \eft side and place 3 4. How A eadEP mans? 1\ debated?_ ety un, volut 5 su, — 7 tree. i, ‘5‘)' /g o O 603)‘350\363“3”5%% e s
Typotheses OW“; ¢ o tnchude ¢ n o ans 09O T on L et 200 e . FOSSiLfing Sy i o
T ¢ 3 2 lew in, st, Plu;
the top B¢ 4 VEV Tre fOXCe: ¢ huma® . e 5 162(2) 19 PROOLS i Xy 2 146 5765 A0 g1
e geolog evidence A0 i ™ €tal 55, " Moy, s,
e o e e : do yO! o13) Y haplopy, - Americgy,
ev‘de“;e e w0 O - e S\ - TIe evopy, Primg;,
cess ot U - of the On." Nagype  SKelet
n 1egio! - :
for eac! A [\’(\2 a“ex‘.t%l @ Of;em\ Er:;l; 4. 2004, + 498 745,
| 431 . Ee
mphasize! m =7 (e wheth . 630649 &
T ?eac othesis, ca e segion () on a snge ) " infe s 10 a: Copt 0L Ney, 640, % Of icegg
. \\ - Bae (e . a in 5
o o s w\l‘““‘(g) contradi W) ‘Tow can & entir ;\W Chay N etal ojg 1073 /ppgg. s n:et et ag; Or the Jas; 4
expl < other (O ke iniieg L Oldest b, 292, 1ggg"ancti o
ot hod ol o tip (ngle frag™® Paleocenq p E, - 1888_1gg, " @bo lian
pain it o €T of the ™ sing) m of the pyCCene p rcho Pal M 02, ut 46,0
o : Coﬂe\ 1 - Nati urgay, Nian Year: aleoc], e ,000
e - > e 14 onal 4, Orius, | S. ma, VTe, A
D 9 e Thapter ) {aster: the g o2 Cademy o to Pri_ Lation - M. cj Iges oy 6. |
working ByPOY o cealevel© change o : ) of S  Late Qpgrorrc. 1 ). D Ver the b Northegg
Which nor ally Se{ Jaciers OF movements 92. 1819 o er . H. 600,000 |
. 4 rewreat © | .
advance @
com’memS7-
1

[200
(& [he
e,
nomic g, ra .
z iversipy + 0o 201 A e 5
- Ly in eq ern . New fre o ture, 376, 43 02 O
il mEte €nya con W fossils Ckua, 4 6 455, Ut of Afyi
5 ature, 455 m g, m, Cal. 209, A again
3 e Wilson ; isi, Georgj E Tt and aggip
)¢ LE O enc o
¥ d 207 g 0L
s,

The Student Experience

© Jones & Bartlett i N
Learn
ing, LLC, an Ascend Learning Company. NOT FOR SA|
. LE OR DISTRIBUTIO
N

-



EN
ew and
Revi
seco . sed A
150 ndiedltionv incl l‘t. and Photo
to revised illustrati uding over 1 SOS_The art in thi
su 10N . 1S
pport students a s, has been Sign'gew images and
S [hey absorb n 1 Cal’ltly improy d
ew infor e
mation

O 2
Mercury Venus garth Mars Jupiter Saturn Neptune
D\ame\er () 4878 12,104 12,756 6,194 142 800 120. 540 51,200 49,500 \olcanic
Diameterin 1€ (onto Earth 38% 95% X 53% 1,120% 941% 401% 388% istand &
Mass in f elation 10 garth 5% 82% S 10.7% B4 80% 9,430% 1,460% Al 20% |
pensity (gl 543 524 552 39 13 01 12 16 1
Rotation penod (days) 586 243 0997 1026 0AL 043 -012 067 |
\nclination of of rotation 0 1714 234 252 31 261 919 29
to equator &degreesj
surface gravity in relation to 38% 91% X 38% 253% 107% 92% 118% \
garth 5
A= astronomic?! nit,0r the cebetween 1 garth and U 5
- —~T |l - |
\ = Mortison e
\g Retreatind dance S€2
\ = Foldin d\hms\'\ng \
L- Franct can Group
@ . ndwiander & 997, The Chng™d farh: Eploing 6009 and i ot pemont X esvatsor®
e 68060
\
@snmemm\e(mm
FIGURE 2.20 (@) Cr of h gh\y-fo\ded ghrust sheet
in the AlDS The huge D'© (ocks that e peen thrust over © e
young®’ ks aFE callad nabl es. (0) photo of the Aps Showing FIGURE 13.17 Seaviays e tonIES, and el _entation 0 e et of wester® North merica duringthe urassic (a)The Morrison
t\(ens\\Je tolding Fo:’*m\\oﬂ,wm,‘n 5 molass™ et o T V‘Q,\\('ﬂf\l{\\\@d e Fundantt %2a. b Txpasi® of the Morrison Fom’\a\\on
P TS - s
Rising $€2 |evel over \and »
D\vmﬂa\voﬂ
e‘len\ua\N
returms ©©

: ‘Evaporaion, mining !
possivle shor
torm colaPs®

ean Circulat” unable 1© re-estantish 1 much 1ong®” ime

o

©
£
=
Sar\ds\or\s
| SR
Warm
Greatly increased meltwate’ input
Locality X Locality Z .
= ey \iscorrelation ﬁ; — 5%
2= assuming e 3
5
&
cold \\
Ocean cim\l\!ﬁm\ state
gandstone (@ a2 T mzmmmmﬂumwaawm pieon ®) R Gt e 18
e ey e 0150
©) Land |GURE 16 ate MO and hyst s loops: @) 11O 4 pysteresis\0%P works. A0Y ameyouar® onthe alevatonyou <@ reverse
nzmmv\Wuww,mMm\mJSlwl it G009 [vﬂ\umnnmvmar-dulnhmuqhﬂm,!md vmnmuunw(nhwumv . direction preth much at any POl tand r\«\hewaw came: owe! e, fyou @ h escalaton Y’ ly return 0 your initial
0SItiO! y anew aTh,dahO\ A steres\s\o for \imate i erature bl  a fund! of DWW roduct! > North
\GuRE 62 1 d\ﬁe(encebe\ween tacies and ormamns,\\\usnamgmat ockandtime e i @k cealevel ggs, e thiS® 4 v (o)1 P \ ) LN °
Atlantic ce he moderm North Al ich wo basic 3l d op (pr )’ \f elowate! np! eeds mresho\d
formanonsr reser\mdbysan stone, S e,and\\mesmne, ove jard N\mreeenwonmem st throud me, e et O
Va\ue‘ocear\ cculation ok dashe \ine PO ting & ) from e upp! ar (unper (bed pre t-day st o) tot e lowel
achofthe types of rocks, W jich ar€ recogniz® s format! , dif (s over the areain¥ ich the 1€ < are expos’ iscarr et 5 | \
\ \er mode ¢ \id blue e ere NADW ows. Clima®® anonly e  (dashed n® pom\ngup)m ode ine) when
esultif OC ime are ¢ <idered qual (arrows) The red and orang® ot repres e extind of tr \omesma\ are used irstzad 1
N B - me\\wawrhas ixed O dsuﬁmem(y 1 of the: ore Jerate W dcold odes \d occy e modert
coduce MO ccurate B ines for correlatio see sect! 653 B\osxraugraphy for further d\scussxor\\ Note how the aes ™ Do S |
p e ame be\weer\t\we\oca\mes v Wmme ame formation (Ond\\\oms.B u (last jal max! ): ke the escalators inpart Jittakes a mu distu! anc ge fme\\wa(ev
§ N (e o shut own Mo ern NA \ formati®’ forlonger i0ds O yme. This is presumab\y whathappe durt 2l intery \swhen roud!
greatel yolumes of meltwate’ would ! pee sed

Th
e Student Experience

© Jone
s & Bartle
tt Learni
ing, LLC
. an As
cend Learning Com
pany. NO
NOTEORS
ALE OR
DISTRIB
UTION



TEACHING TOOLS

A variety of Teaching Tools are available for qualified instruc- B Lecture Outlines in PowerPoint format—The
tors to assist with preparing for and teaching their courses. Lecture Outlines in PowerPoint format provide lec-
These resources are accessible via digital download and mul- ture notes and images for each chapter of Earth’s
tiple other formats: Evolving Systems: The History of Planet Earth, Sec-

ond Edition. Instructors with Microsoft Power-
Point can customize the outlines, art, and order of
presentation and add their own material.
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B Key Image Review—The or 2
Key Image Review provides g “

= 05
the illustrations, photo- W pgeet?

graphs, and tables to which
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Jones & Bartlett Learning = g2t ot ‘
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holds the copyright or has e 28 n
permission to reprint digi- ___——* o g rque@®
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for sale or distribution but
may be used to enhance
your existing slides, tests, < 4 GAWT C
and quizzes or other class- %JILDEF%;EAV (NG T
room material.
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B Test Bank Material—The author has provided 500+

XX

multiple-choice questions, including true-false, match-
ing, and identifications. Each chapter has approximately
30 to 40 questions. The author of this text has used
some—but certainly not all—of these questions in his
introductory course. Many questions ask for basic fac-
tual information, others are intended to make students
“think about it.” In some cases, essentially the same
questions are worded differently. Alternative wordings
and answers are suggested for some questions. Some
questions refer to specific figures in the text. Instruc-
tors are welcome to modify the questions as they see fit.
Short and long essay questions can be developed from

Teaching Tools

the Review Questions and Food for Thought exercises at
the end of each chapter and the Concept and Reasoning
Checks embedded throughout. These could be used in
smaller classes as writing assignments. Students could
be assigned the questions ahead of time or given a list to
choose from. These questions are available as an instruc-
tor download.

B Instructor’s Manual—An Instructors Manual contain-

ing an instructor’s overview, instructional aids, answers
to Review and Food for Thought questions, and sugges-
tions for homework or in-class projects and assignments
is available for each chapter.
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