Soil Geomorphology (Geog 525). Fall, 2007.

Instructor: Joe Mason

mason@geography.wisc.edu

262-6316

207 Science Hall

Office hours: Tuesday, 11-12AM; Wednesday, 2:30-3:30 PM, or by appointment.

Overview of the Course. Soils cannot be separated from the landscapes in which they
form; as landscapes evolve, soils on those landscapes develop through the interaction of
pedogenic and geomorphic processes. To some extent, soils reflect their present environment
(climate, vegetation, and currently active geomorphic and hydrologic processes). However, most
soils are not in equilibrium with their present environment, but instead preserve evidence of
their earlier history, and the history of the landscape in which they have formed. Therefore, soils
can provide key evidence in reconstructing long-term landscape evolution and
paleoenvironmental change. Furthermore, long-term soil development can have major
implications for the ecosystem as a whole, primarily through changes in nutrient or water
availability, and for biogeochemical cycles. This course will consider the concepts and research
methods needed to understand the closely linked evolution of soils and landscapes.

The course will begin with a review of basic concepts in pedology and soil-forming
processes. It is assumed that students will already be somewhat familiar with this material, but
can benefit from a fresh, geomorphic perspective. We will emphasize processes that are
important both in soil formation and in landscape evolution. This discussion provides essential
background for the final section of the course, which deals with soils in specific geomorphic
systems. For each system, we will discuss the interaction of pedogenic and geomorphic
processes, the relations between soil morphology and land surface age in specific geomorphic
settings, and the role of soils in reconstructing paleoenvironments and landscape evolution..

Prerequisites. Soil Sci 325 or equivalent, and an intermediate level course in
geomorphology, or consent of instructor.

Field Trip. A weekend field trip is tentatively planned for late September. The date will
be discussed in the first class period.

Textbook and readings. Readings form an essential part of this course. Both the
textbook and numerous scientific papers are integrated into the lectures, and you will need to
use them in completing the take-home essay exams. For the more difficult papers, it might be a
good idea to take an initial look at them before they’re covered in lecture, and then go through
them more carefully while referring to your lecture notes.

The course textbook is Soils: Genesis and Geomorphology, by R. Schaetzl and S.
Anderson (2005). Unlike most textbooks today, this one is well worth the price and is an
excellent book to keep as a reference if you are thinking of going into any field remotely related
to soil genesis and geomorphology.

In addition, I am assigning excerpts from another book, Understanding Soil Change, by
D.D. Richter and D. Markewitz (2001). This is essentially a case study of deeply weathered soils
on the South Carolina piedmont, describing how they developed over millennia and how they
have been affected by human land use in recent centuries. The assigned readings are from the
part of the book describing long-term development of these soils, placing them in the context of
the forest ecosystem under which they formed. The book is written for a broad audience and
reviews a lot of basic concepts, but even if you already have a strong background in pedology,
there are some thought-provoking concepts here that are presented very well. The rest of the



book is worth reading as well, if you have the time and interest. The excerpts from Richter and
Markewitz and the scientific papers will be made available in electronic form on the password-
protected Learn@UW site for this course.

Grading. The course grade will be based on two exams (40% of semester grade), three
homework exercises (30% of semester grade), and a paper (30% of semester grade). In the
exams, the homework assignment, and the paper, the emphasis will be on evaluating students’
ability to critically examine concepts covered in class, and to apply those concepts to new
research problems.

Both exams will be in take-home, essay format. The homework assignments will include
1) running a soil organic carbon model and interpreting the results in terms of radiocarbon
dating, 2) doing spreadsheet calculations of chemical mass balance during soil development, and
3) an interpretation of lab data from a soil geomorphology study, to be described in more detail
later. The paper will be written on a topic agreed upon between the student and myself. After
the topic is decided, I will give you one or more broad questions or conceptual problems that I
would like you to address in the paper. Each paper should include adequate citation of the
relevant literature. I would like to see some original thought and even some strong opinions on
the topics you are writing about. Papers Due: 5 PM, 12/17.

Although the overall grading scheme is the same for undergraduate and graduate
students, graduate students will generally be held to a higher standard of work, especially on the

paper.

Course Topics and Reading Assigments (Soils is the course textbook). Complete
references for the readings are listed at the end of the syllabus. Note: Reading assignments may
be revised over the course of the semester.

9/6. Introduction to the course. Objectives of soil geomorphic research, and relevance to
ecology, archaelogy, and paleoclimatology. Definitions of “soil.” Review of soil horizons and soil
profiles. Soil horizons vs. sedimentary strata. Paleosols and welded or composite soils. Review
of Jenny’s state factor model of soils and ecosystems, including its historical background.
Readings: Soils, Chapters 1 and 2 (should be mostly review if you've had a pedology course such
as Soil Sci 325 recently; otherwise read these chapters carefully), Soils, pages 295-320. On
reserve: Jenny, 1961; Richter and Markewitz, 2001, p. 69-89. For more background: Bockheim,
1980, Bockheim et al., 2005.

9/13 (first part of lecture). Alternatives to the Jenny model. Soils, pages 320-336. On reserve:
Simonson, 1959; Runge, 1973; Johnson et al., 1990.

9/13 (second part of lecture), 9/20. The problem of defining “t,” and soil age. Concept of soil
residence time. Relative age relationships of sediments, geomorphic surfaces, and soils.
Geochronological techniques applicable to soils and paleosols (luminescence, cosmogenic
isotopes, radiocarbon dating). Organic matter accumulation and turnover, and implications for
radiocarbon dating of soil organic matter. Readings: Soils, pages 169-170 on “The mutability of
timezero”; pages 547-550; and page 600-618. On reserve: Morrison, 1967, pages 1-30; Wang et
al., 1996. Homework Assignment 1 handed out on 9/20.

9/27,10/4. Chemical weathering as a pedogenic and geomorphic process. Weathering profiles
and their relationship to bedrock lithology and climate. Products of weathering, especially clay
minerals. Role of weathering in landscape evolution and sediment supply to geomorphic
systems. Mass balance analysis. Readings: Soils, Chapter 9; Chapter 8 (up to page 189 only);
also read Chapter 4 if you need more background on minerals. On reserve: Richter and



Markewitz, 2001, p. 90-104 (read this first!), Chadwick et al., 1990; Egli et al., 2003; Anderson
et al., 2002 (this can be a difficult paper to get through—wait and get the overview in lecture first
before trying to work through it in detail)

10/4. Homework Assignment 1 due. Exam 1 handed out (take-home exam)
10/11. Exam 1 due, Homework Assignment 2 handed out.

10/11 (first part of lecture). Pedoturbation, A horizon/biomantle development, and relationship
to hillslope processes. Downslope movement of soil by pedoturbation. Applications of
cosmogenic nuclides and luminescence dating to detect and quantify pedoturbation. Readings:
Soils, Chapter 10; also pages 354-357, starting with “Process Bundles” and ending at
“Acidification and base cycling.” On reserve: Hole, 1961; Paton et al., 1995, Chapter 3; Heimsath
etal., 2002.

10/11 (second part of lecture), 10/18. Processes of horizon differentiation, and their use as
indicators of land surface age or stability. Overview of water retention and flow in soils, and the
importance of textural discontinuities. Clay illuviation. Lamellae. Non-illuvial Bt horizons.
Formation of secondary carbonate, gypsum, salt and silica features. Podzolization. Readings:
Soils, Chapter 5 (up to the start of “Soil Temperature” on page 87); pages 361-373 (starting with
“Lessivage” and ending with “Fragipans”); pages 402-433 (starting with “Calcification,” ending
with “Near-surface processes...”), and pages 440-453 (starting with “Podzolization” and ending
with “Sulfidization...”. On reserve: Machette, 1985; Reheis, 1987, Gile, 1966.

10/25 (first part of lecture). Surface exposure dating (or geomorphic surface dating) based on
pedogenic processes and soil morphology. Chronosequences. Readings: Soils, Chapter 14 (up
to page 596, start of “Numerical dating techniques...” On Reserve: Harden, 1982. Homework
Assignment 2 due. Homework Assignment 3 handed out.

10/25 (second part of lecture), 11/1. Soils on hillslopes: Interaction of hillslope hydrology,
erosion/deposition and pedogenesis. Catenas. Horizon formation through hillslope erosion and
sedimentation. Competing models of stoneline/stone pavement formation. Application of
cosmogenic isotopes to studies of hillslope processes and pedogenesis. Readings: Soils, Chapter
13. On reserve: Milne, 1936; Paton et al., 1995, Chapter 3; Braucher et al., 2000; Sommer and
Schlichting, 19977. More Background: Johnson, 2002; Anderson et al., 2002 (also assigned
above).

11/8. Homework Assignment 3 due.

11/8, 11/15. Dust deposition and soil development. Aeolian processes and soil genesis:
Erosion, “upbuilding”, and burial of soils in dune fields and loess-mantled landscapes. Inference
of past vegetation or climate from loess-derived soils. Chronosequences of soils in aeolian sand.
Loess-paleosol sequences in arid, semi-arid, and humid regions. Readings: Soils, pages 195-207
(on wind-transported parent materials). On reserve: Chadwick and Davis, 1990; Mason and
Jacobs, 1998; McDonald and Busacca, 1990; Jacobs and Mason, 2007; Kemp and Derbyshire,
1998. For more background: Soils, Chapter 15.

11/29; 12/6 Soils on active floodplains. Alluvial paleosols, Quaternary and pre-Quaternary, and
there paleoenvironmental interpretation. Soils on terraces and old fan or pediment surfaces:
Effect of fluvial incision on pedogenic processes, post-incision modification of the terrace
surface. Chronosequences on terraces/fans/pediments in arid and humid regions. Desert



pavement, desert varnish, and Av horizons. Readings: Soils, pages 191-195 and pages 433-440
(starting with “Near-surface processes in desert soils”). On reserve: Aslan and Autin, 1998;
Daniels, 2003; Retallack, 1986; Reheis, 1990; Howard et al., 1993; McFadden et al., 1987.

12/13. Soils in glacial deposits: Soils on alpine glacial moraines in semiarid to humid settings.
Role of paleosols in continental glacial stratigraphy. Paleopedologic record of past interglacials
in North America and Europe. Readings: Soils, pages 516-529 (section on Ruhe’s work in
Iowa); Chapter 15 (assigned earlier; some parts apply here as well). On reserve: Berry, 1994;
Dahms, 1994; Hall, 1998; Follmer, 1982; Jacobs, 1998.
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