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Abstract

We have completed a new textbook, Key Concepts in Geomorphology, applying
a model of extensive community involvement at all stages from initial outlining
through chapter development and revision to final review. The textbook is
designed to serve undergraduate students in first year courses about Earth
Surface Processes, Physical Geography, and Quaternary Geology. It differs from
existing textbooks because it is shorter and focuses on the key concepts of the
discipline rather than on esoteric details or place-based examples. Such details
are covered in a series of >250 electronic resources developed by community
members as part of this project (see abstract by C. Massey and visit http://
serc.carleton.edu/vignettes).

The US National Science Foundation provided support for review of each
chapter by two experts well-versed in the chapter’s content as well as review of
the entire textbook by two senior geomorphologists and a technical editor with
expertise in Surface Processes and Quaternary History. Each chapter was vetted
by 8 to 10 generalist reviewers before extensive copyediting.

The textbook has 14 chapters organized into four sections. Each chapter
includes between 10 and 14 newly drafted, full-color figures designed
specifically for novice learners. Between 20 and 30 annotated color
photographs fill the chapters along with a worked problem and a series of
qguestions that allow students to test their mastery of the material. At the end
of each chapter, the Digging Deeper section presents an in depth look at the
development of scientific thought on a problem relevant to the chapter.

14 Chapters each begin with an outline and image.
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Introduction

Geomorphology has been revolutionized in the past sev-
cral decades by rapidly advancing technologics. Today,
geomorphologists routincly date landforms, measure rates
of crosion, and quantify the morphology of Earth’s sur-
face with high precision. Techniques geomorphologists
now take for granted (including the dating of rocks, sedi-
ments, and landforms; high-precision, satellite-based top-
ographic surveys; multispectral remote sensing; and so-
phisticated computer modcling) have moved from the
cxperimental rcalm to widespread application. These
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Geomorphologists employ a varicty of physical, chemi- ®
cal (clemental), isotopic (same clement, different masscs), Surveying at lron Mountain, one of General George Patton’s World War
biological, and remote-sensing methods to understand the ~ 1training camps in the Mojave Desert of California. In the distance, a

ratc, timing, and amount of changc at and near Earth’s graduate student is using a GPS (Global Positioning System) total

surface. The certainty of these methods varics. Some are  Station tomap the location of channels eroding a walkway built by
- . . . General Patton’s soldiers in the early 1940s. In the foreground, an
capable of generating data with precisions better than o

1 cent ( di bon dati f i terial) undergraduate uses a prism pole as part of a total station survey to
et oy e, S measure the movement of painted pebbles placed at specific
while other methods provide only relative age informa- locations oni the dotost s s Sacers of sodiswat Seovement.
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All new, full color art, 10 to 14 figures per chapter, uses
explanatory text boxes and images to make learning new
concepts easier for students.

% Once established, and if in the open, a tree grows easily,
adding a ring every year. These early rings tend to be
@ thick as the young tree grows rapidly. Faster growth in
" warm summer months is distinguished from slower
growth in colder months, producing annual pairings of
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As the tree matures, the diameter of the
trunk grows larger and thus even if the tree
is adding the same amount of mass every
year, each ring is thinner than the last. Thus,
ring diameter tends to decline from the
center to outside of trees.
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As the forest matures, the tree may
be crowded by others competing
for sunlight, nutrients, and water.
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g This competition can further slow
growth, resulting in thinner rings.
j
The headwaters of 4 -
a drainage basin E = NP
- ) Q™ - | na ition to atlng tree ages,
are a sediment Streams and rivers g tree ring analysis can be used to
source where both transport and . €14 decipher changes in ring width
weathering breaks . Lowland floodplains s -
store material through ) di King i = related to climate (temperature,
erosional processes - : long-term through lowland and £0 thinning of rings over time needs
E sk Gl sl d itional estuarine areas to the = to be filtered out, usually b
deliver sediment to with that stored in S : RALLE T‘r""\“\'\\‘"' IWPE  detrending the data usir): :curve
streams and rivers. floodplains where sediment coast is exported to the |G \5‘"'\' AR e QI ing deviati Slfr :
inputs may eaed marine environment., A r. i \| (e ) t. Ihe resulting e.VIatlo.n om the
) e R L ] curve defines the ring width
sediment outputs. which is a long-term Cmnthara/Foiacom e el e e e

sediment sink. interpretation, with deviations

x
=)
= 24 Wetter years
= | above or below the fitted trend
FIGURE 1.10 Drainage Basins: Source-to-Sink. It is useful to uplands and deposited in lowland sinks, although it may be stored - 14 interpreted as wetter or drier years,
understand Earth'’s surface from the perspective of drainage temporarily in floodplains along the way to long-term storage in i - . respectively.
basins—units of the landscape in which mass can be accounted marine environments. .‘:E= 0 —
and conserved. In general, sediment is sourced in the eroding Young ~ Old
FIGURE 2.4 Dendrochronology. The analysis of tree-ring of young landforms and for interpreting climate change
width patterns is a useful tool for understanding both the age over time.
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2 Chapter 2 « Geomorphologist’s Tool Kit

WORKED PROBLEM
Question: A piece of wood is removed from a depth of Radiocarbon Age vs. Calibrated Age
560 cm in a lake core collected from northern Vermont 8100
and prepared for radiocarbon dating by chemical Sample age
cleaning, combustion to CO, gas, conversion to graphite, 8000 ngg:i \"/20
and atom counting by AMS. The resulting data indicate intcal09.14c
that the wood has 38.47 percent of the carbon C 7900+ 1 sigma
content of modern wood. Using the Libby half-life of
5568 years for *C (as is the accepted tradition for 7800+
reporting radiocarbon ages, although the actual half-life
- - - - - - - - — is now known to be 5730 years), what is the radiocarbon g 7700+
date for the wood? Using the program CALIB (http:/ ©
calib.qub.ac.uk/calib/), what is the calibrated age range =’ 7600-
for the wood sample? The lab reported a one standard
deviation age error of =90 years. 75004
Answer: The radiocarbon age of the sample is between 7400 -
one (50 percent) and two (25 percent) Libby half-lives
of 1*C (5568 years). Using eq. 2.1, 7670 yr = 8033 In 73004 £
. (1/0.3847), and the reported lab uncertainty, the
radiocarbon age of the sample is 7670 =90 radiocarbon 7200 — T
years. Entering these data in CALIB and using the intcal QPR M SR ST S SR\ M S M
global calibration database indicates that the wood TP P PP
most likely formed between 8396 and 8543 years ago. Calendar yr before present
The offset between radiocarbon and calendar ages is Radiocarbon Age versus Calibrated Age This graph, created by
almost 1000 years. the CALIB program, shows the radiocarbon age as a probability

distribution of the vertical axis, the calibration curve as the wiggly line
that goes diagonally across the graph, and the calibrated radiocarbon
age as the probability distribution across the horizontal axis.

Digging Deeper sections
end each chapter and Knowledge assessments

provide an in-depth, provide study guides for
referenced narrative students and reflect the
detailing the development | | most important content
of thinking on important of each chapter.
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High quality photographs, 20
to 30 per chapter, illustrate
key concepts, techniques, and
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a n d ta ke n by ge O S C I e n l I Sts & w‘;; % ‘ : PHOTOGRAPH 2.1 Glacial Lake Sediment and Till. When a PHOTOGRAPH 3.5 Felsenmeer. Felsenmeer, frost-shattered rock,
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° S —— o | glacial lake formed next to a retreating ice margin in eastern New and sheeted tors of bedrock on the summit of Mount Darling, Marie

PHOTOGRAPH 2.16 Tracking Sediment Movement. Placing York State, rhythmically bedded fine-grain couplets of sand and Byrd Land, Antarctica. The geologist in the image is between two

. : 2 painted pebbles at General Patton’s former Camp Iron Mountain silt were deposited over till. The underlying till is older than the much less weathered glacial erratics deposited on the surface by
n n O a O n S a I re C O g n I O n ° in the Mojave Desert to trace sediment movement over time. overlying lake sediments. The fieldbook is about 20 cm long. glacial ice frozen to its weathered bed.

KNOWLEDGE ASSESSMENT Chapter 3
(O 1. Define and differentiate saprolite, soil, and regolith. (O 22. Describe the patterns of and balance between
Digging Deeper: Why Is Earth Habitable? 31 (O 2. Describe how physical, chemical, and biological chemical and physical weathering on a global scale.
weathering differ. (O 23. Explain how vegetation type and density
(O 3. How does chemical weathering influence physi- affect soil formation rates and the type of soils
DIGGING DEEPER Why Is Earth Habitable? St Beatherng and Vice vesay that result.
(O 4. List three mechanisms of physical weathering O 24 Explz'iin hOW topography (slope steepness)
and describe how each works. affects soil thickness.
:‘,arth 1s tl'l'c only planct we ::“0“' of t_h;’t }lxarbor;hfc. 1510 (O 5. What are borndhardts, tors, and inselbergs? ©  25. Give three examples of how rock type influ-
far, our planct appears to be a special place where the C0; O 6. Propose a series of physical processes and rock ~ ences the sonls. that will eventually develop. _
interactions and feedbacks among the solid Earth, the ‘ , history th Id lead foliati (O 26. How is soil development related to the age of a soil?
hvdrosoh be biosoh 4 h ” AN g AN istory that could lead to exfoliation.
c())n; (i)tsil())n(s‘r;;vto:ab]l:;clzr cl.{:i,n:nor;a;i::swsp CRE. PEwEaC : ’ (O 7. What process likely created felsenmeer? O  27. List three ways by which material can be added

What makes Earth so spcci‘;nl? Barth is habitahle becanse wLand, . . Volcano it (O 8. Predict what will happen to boulders or outcrops = to and removed from.50|ls. ' _
liquid water is stable on its surface; it is large cnough to CaSi0, + 2 CO, < of rdoc(:< lfxpgseq to h’l tc(i)rest or range fire or to ex- O igéu??gl;g itl;anslocanon and explain how it can
rctain an atmosphere and some internal heat; and it has a N c.:atlng MY SE GeacEs su‘n. Y 29. Exolai h bioturbati dwhviti
composition of long-lived radioactive clements, along with » + CaC( O 9. Explain how salts can physically weather rock. - 'n. ):5 ;:m OW DIERALION OCCNES ARG WAy It 18

.t . . o “a** + 2 HCO;™ + Si0, — . : important.

the original accretionary heat, to warm the planct’s interior —_— CaCo, + Si0, (O 10. Why does chemical weathering occur? B P ‘ : _
cven after 4.5 billion years. This heat warms and softens inte- metamorphism O 11. Explain how silica and most rock-forming min- O 3?'. LLSt the m}?‘? common soil horizons and ex-

. - . —_ > oy - . .
rior rocks, sustains mantle flow, and thereby drives plate tec- \. CaSio, + CO, erals differ from calcium carbonate in terms of ~ plam ow.eac RIS _ .
tonics. The same heat keeps the core partially molten, allow- N chemical weathering? O 31. Des‘can the two gcneral models relating soil
ing for the gencration of a strong magnetic ficld. Without our e (O 12. Why are iron and aluminum oxides characteris- P roduction rates to soil depth. _ :
magnetic ficld and thick atmosphere, Earth’s surface would be FIGU,R_E el '1_ Th_'s d@gram Shows the global.cycle OF Casronate tic of materials left as residue after extensive chemi- O  32. Compare and contrast pedogenesis and soil
bombarded by life-threatening levels of cosmic radiation. and sull'cate,‘ YVhICh is driven by surface weathering and plate . cal weathering? production.

Togcthcr, these charactc.ristics cnablc. active tectonic z.md :ict:‘o:v |act2 ?;I:\c:tceaig(cjl:‘s gi);z?;:c(jc%\ )Ia][\:ev;e:at:\:er:: ther)('J cc’i:;rcnt:)me O 13. List the most important factors influencing the O 3 3 Mgke a table listing t'he. 12 soil orders, .desgrib—
VOIGm.'? i 0 Gy e Seciom— an<'1 volcanism Shirie Ml siom wisl Bt s Thsis R ezn.ter LA an%jr;re ' amount of leaching by solution of material from soil ing their salient characteristics, and suggesting in
arc critical for life because they recycle volatile clements » & or rock. what environment each might be found.

d ds critical £ bon-based life f h eventually subducted by plate tectonics. Once subducted, CO, and o — :
s e s, e Beo” water are released back to the atmosphere by volcanism and the O 14. Discuss how various types of biological activity O 34. List the ﬁvg factors thought to control rates of
sphere to the at'_“OSPth c and h,V'dro_SPth‘{—'_ ‘}ak‘"g Earth’s cycle continues. Without plate tectonics, weathering on Earth's affect the physical and chemical weathering rates of pedogenesis (soil development).
5“(; fac'c dynamic Z"d l('ifC'SUPSOdnfng- IJ}:C IS clapablc" of surface would slow and the atmospheric levels of CO, would be rocks. (O 35. Define a soil catena apd explain .dift:erftnce‘s ob-
reducing cntropy (disorder) g iy OIS quite different. [From Kasting and Catling, 2003 (O 15. What controls the swelling potential of clay served across a landscape in terms of soil-forming
thg; arc ]r?fot thcrmo:yn-amlcally tzf\'orall?ll'\c.l For cxampl'c, minerals? processes.
without life, atmospheric oxygen 1s unlikely to occur in _ o o -~ . : . i
T arth , y ot - R - : - . . (O 16. Define ion exchange, identify which ions are ©  36. Suggest in what geomorphic environment you
Earth’s atmosphere because it is casily and rapidly con- The mass of a planct influcnces its potential to retain an : y : : mieht find a chronosequence and explain why defin-
. s : . . ’ ‘ e a . i most likely to be exchanged, and explain why ion & q p )
sumed in oxidation (wecathering) reactions with rocks. atmosphere, a scemingly critical ingredient for life; small exchange is an important process ing a chronosequence could be useful to you as a
Lifc as we know it requires the presence of liquid water plancts and moons have insufficient gravity to hold an atmo- O 17. What is oxidation of mi ]- d wh geomorphologist.
. .. . . o . . ( 3
and is thus limited to average temperatures in the range of  sphere. For example, the atmospheric density of Mars, which = s phae oxn) SOI OL THINCIaR St Wheee can DR 7 o IR EE PUCRT TR SRR TR |
. gl s . . i . E ' A you see it occur? /) P p
approximatcly —15°C to 115°C. The habitablc zonc around is onc-third the size of Earth, is 1/100th that of Earth and . _ ' _ O 38. List and describe several examples of weatherin
a star is defined as the range of distances at which surface docs not provide much insulation (it gets very cold on Mars); (O 18. Sketch and explain Goldich’s Weathering Series. o e p g
3 : S - S e . ) ) ) . induced landforms at both small and large scales.
temperatures on a planct could potentially support liquid nor does the Martian atmosphere provide much radiation O 19. Starting with feldspar, explain how it weathers O 39 1 I £ duri d lain h
watcr. For our solar system, the habitable zone extends shiclding. In contrast, the atmosphere of Venus is 100 times over time to eventually become gibbsite. - l'ht;\' hltstlt S:;;ch f; Egzc(:l e:rlcmsts RN
from about 0.84 to 1.7 times Earth’s distance from the  thicker than that of Earth but is made of greenhouse gases, (O 20. What is chelation and why is it important in _ A A ¢ p'] ' ducti
Sun, a range that includes Earth and Mars but not Venus. primarily CO,, that make it too hot there for life. On Earth, soil formation? O 40. Compa;’e r?l]tfs 0 S(le Prol ,“C“‘L“ t(;l'contempo.—
. '.I‘hc presence of liqgid water is not onl?' importa.nt for  the weathering of rocks and tectonic cycling of crustal mate- (O 21. Why is the density of saprolite less than that of 221;1‘ igait:ls grtsa?:t oss and explain why this compari-
life itsclf, but it is also important for the d_lffcrcntlatlon of rials absorb the greenhouse gas carbon dioxide from the the rock from which it was derived? P )
continental crust through the formation of granitoid rocks atmosphere and thus stabilize global climate (Kasting and
(Campbell and Taylor, 1983). In our solar system, Earth is Catling, 2003; sce Figure DD1.1), keeping Earth cooler than
the only inner planct with abundant water and the only Venus. Most of the carbon on Earth is sequestered in lime-
known planct with continents. The formation of continents stones and organic fucls including coal and oil. Early life
occurred as partial melting of oceanic crust relcased silicon- madc Earth more habitable for later organisms by sequester-
and potassium-rich, felsic magmas, a process that depends ing carbon and reducing atmospheric CO; content.
on watcr being carried (by subduction) into the mantle to Humans have been inadvertently tinkering with the
initiatc partial melting. Creation of extensive continents  systems that stabilize our planct’s environment for millen-
with a density low enough to stand above sea level requires nia. The dramatic risc of many different human civiliza-
the transport of large amounts of water into the upper tions occurred over the past 11,500 years, the Holocene
mantle and thus requires tectonics. Continental rocks Epoch, a period of gencrally stable climate and atmo-
weather subacrially (under the atmosphere), consuming spheric composition [Figure DD1.2]. After sca level stabi-
carbon dioxide (CO;) and water, and thus in part control lized about 6000 ycars ago, agriculture spread into highly
the composition of Earth’s atmosphere [Figure DD1.1]. productive river deltas and preindustrial, human-induced

Planctary atmospheres arc a key part of the habitability  changes to Earth’s surface included regional deforestation
puzzle, in part because they buffer thermal swings that would and the crosion of soils that followed. Studying the record
otherwisc occur between night and day and between scasons.  of gases preserved in ice cores and compiling historic data,




