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OJT Module Lesson

Title: 007 Understand the processes of mapping soils.

WHAT

WHY, WHEN, WHERE, HOW, SAFETY, QUALITY

Cycle step 1

Discuss the objectives of the module and the why-
when-where-how of getting it done, and any safety
concerns in your survey area.

Open the attached Understanding the processes
of mapping soils.pdf. Review and use it as a guide
for this training.

Other attachments to this module are referenced
and used within the pdf.

Cycle step 2

Demonstrate the process of mapping following the
the ppt process.

Cycle step 3

Follow the practical exercises outlined on slides #43
and 44 of the ppt.

Cycle step 4

Assign a section or equivalent size area (500-1000

acres) and have trainee complete an initial soil map.
Trainer decides whether to be present or not at this

stage.

Cycle step 5

See the Module Lesson Measurement of Learning
that follows. Return to the assigned area to look at
mapping. Discuss what you see and provide tips to
help the trainee out if needed.




OJT Module Lesson Measurement of Learning

Title: 007 Understand the processes of mapping soils.

WHAT

WHY, WHEN, WHERE, HOW, SAFETY, QUALITY

Complete Quiz (attached below)

Assign mapping

Assign more extensive area to be mapped. Have
trainee work on the area without supervision until
ready to have it reviewed. Complete a Quality

Control review and provide appropriate feedback.

SF-182

Trainee and/or supervisor access Aglearn to verify completion of the module via its

SF-182.




Quiz
1)
2)

3)

2)
5)
6)
7)
8)
9)
10)

11)

What is the primary goal of making a soil map?

Name the three kinds of soil variability?

Soil Survey focuses on mapping and understanding primarily which type of soil
variability?

Soil scientists are concerned primarily with mapping soil variability at what scale?

Explain how a “Hole Mapper” makes a soil map?

Define a soil landscape unit?

Why are soil landscape units critical to creating a soil map?

Soils are: a) pedons b) landscapes c) profiles d) landscapes as well as profiles

List these from smallest to largest: landform component, landscape, landform.

Summarize the 4 key concepts in making a soil map.

You have been just been dropped off at a randomly selected MLRA Soil Survey
Office. Your first job is to make a soil map of a section of land. Outline the steps
you would take to develop a soil map from scratch? Take special note of the
information you will be collecting (office work) and the fieldwork you will be doing
to create the map.
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Quiz

1)

2)

3)

4)

5)

6)

7)

What is the primary goal of making a soil map?

To observe and map geographic patterns of soils by grouping soils
with similar genesis and by separating soils where there is a
change in one or more of the soil-forming factors.

Name the three kinds of soil variability?
Spatial, temporal, and taxonomic

Soil Survey focuses on mapping and understanding primarily which type
of soil variability?

Spatial

Soil scientists are concerned primarily with mapping soil variability at what
scale?

Landscape and Landform
Explain how a “Hole Mapper” makes a soil map?

A soil surveyor digs a hole and tentatively identifies the soil (series);
he then digs another hole and compares its profile to the first soil.
Then if he believes that the second pedon is outside the definitive
limits of the first soil, he draws a boundary between the two holes
without regard to the soil landscape.

Define a soil landscape unit?

Can be thought of as a landscape unit (landscape, landform, or
landform component) further modified by one or more of the soil-
forming factors. Within a soil landscape unit, the five factors of soil
formation interact in a distinctive manner.

Why are soil landscape units critical to creating a soil map?

Areas of a soil-landscape unit have a relatively homogeneous soll
pattern. A soil surveyor perceives soil patterns by first conceptually
dividing the landscape into soil landscape units. The boundaries
between dissimilar landscape units are placed where one or more
of the soil-forming factors change within a short lateral distance.
Soil-landcape units are the basis for creating a soil map.










8) Soils are: a) pedons b) landscapes c) profiles d) landscapes as well as
profiles

d) landscapes as well as profiles

9) List these from smallest to largest: landform component, landscape,
landform.

Landscape, landform, landform component.
10)Summarize the four key concepts in making a soil map.

1. In mapping soils at any scale, it is necessary to assume that
there is a pattern of order in the spatial distribution of soil
characteristics.

2. The soil genesis model, which defines solil as a function of parent
material, climate, living organisms, relief, and time, provides a basis
(model) for predicting order.

3. A soil surveyor quickly learns that the geographic pattern of soils
is related to the five soil-forming factors.

4. A soll surveyor observes and maps a geographic pattern of soils
by grouping soils with similar genesis and by separating soils where
there is a change in one or more of the soil-forming factors.

11)You have been just been dropped off at a randomly selected MLRA Soil
Survey Office (or you can choose your present office). Your first job is to
make a soil map of a section of land. Outline the steps you would take to
develop a soil map from scratch? Take special note of the information you
will be collecting (homework) and the fieldwork you will be doing to create
the map.

Outline of procedure is presented in (“A Pedological Tale). Details
are presented in Hudson (1990). Answer should be customized for
the area selected.





		Quiz




Concepts of Soil Mapping and Interpretation

Berman D. Hudson, USDA-SCS, Lincoln, NE
SOIL SURVEY HORIZONS - FALL 1990 - pgs. 63 to 72

Soil scientists classify and delineate bodies of soil on the landscape by directly examining < 1% of the soil below
the surface. Those who have never mapped soils or who have had limited experience in the field do not under-
stand how this can be done. Furthermore, we who specialize in mapping and interpreting soils do a poor job of
explaining how and why the process works. When critics question the validity of the soil mapping process
because of the small sample directly observed, we do not have a meaningful rebuttal. Our practical experience
has convinced us that soil maps are reliable and provide valid interpretations. However, we have failed to describe
a comprehensive conceptual model to explain how soils are mapped and interpreted.

This failure has created a crisis of confidence within the soil survey itself. Many in the soil survey are beginning to
have doubts about our product. The numerous discussions and papers concerning the spatial variability of soils
and the search for elaborate statistical procedures to characterize map unit variability are symptoms of a serious
problem. Some in the National Cooperative Soil Survey (NCSS) have lost confidence in the reliability of our maps.

This paper discusses the historical reasons for this crisis of confidence. Specifically, the concepts or models we
have developed to guide soil mapping and interpretation will be outlined. The following questions will be
addressed: How did these concepts originate? Are they logical? Have these concepts contributed to our current
problems? | will try to clarify some of the assumptions that have guided both soil mapping and soil interpretation.
The mapping of soils and the interpretation of soils will be discussed separately.

Soil Mapping

“Even though soils form a continuum on the landscape, the objective of a soil survey is to break this continuum into
a reasonable number of segments or units.” This quote from Miller et al. (1980) expresses the generally accepted
concept that soils form a continuum on the landscape. In order to break this soil continuum up into meaningful
delineations, the mapper must have a basic concept of soil geography. That is, the soil scientist must have some
model to explain how different kinds of soils are distributed on the landscape.

Two major concepts have been used to make sense out of soil variability on the landscape. One is the soil factor
equation, outlined by Dokuchaev (Glinka, 1927) and Hilgard ( 1906). This well known model identifies the five
factors of soil formation. This model implies that, by watching for changes in one or more of these factors as the
landscape is crossed, one can predict where changes in the soil continuum are likely to occur. Since its
introduction near the end of the 19" century, this concept has served as a general model affirming that soils
theoretically can be mapped.

Another concept applied to soil mapping could be called the plant ecology model or, more appropriately, the plant
ecology analogy. This idea involves drawing parallels between soils and plants. Plant ecologists consider
individual plants and natural bodies or groupings of plants on the landscape. Similarly, soil scientists have tried to
conceptualize soil individuals and natural groupings or bodies of soils on the landscape. This influence is reflected
in the terms borrowed from plant ecology to identify soil map units. Plant ecologists used the term consociation to
identify a climax plant community dominated by one species. They used the term association to designate a
climax plant community dominated by two or more species. Soil scientists borrowed these terms and applied them
to bodies of soil with approximately the same meanings, except they are referring to the dominance of a soil map
unit by soil taxa. A major reason for trying to draw this parallel was to lend credence to the idea that soils are
organized, natural bodies on the landscape.

The problem with these two concepts is that they are very general and largely descriptive. It has been pointed out
that less than 99 percent of the soil delineated by the field mapper is not observed below the ground surface.
These models do not explain how it is possible to map something as variable as soil with so little ground truth.
They do not explain how the soil within delineations can be identified consistently from only a few observations.
Furthermore, they do not explain how accurate and precise boundaries can be drawn between soil delineations.

A better model clearly is needed. Fortunately, it already exists. However, it is present only in the minds of
intelligent, perceptive soil mappers. The soil-landscape model is used daily by good field soil scientists. However,
few of them can describe a generalized soil-landscape model to anyone else. This is because they arrived at it
only tacitly and intuitively. They have internalized the concepts gradually by walking and observing soils, and





landscapes day after day for many years. As far as | know, no one has tried to organize and write down the
concepts used by the most astute field scientists in map- ping soils. With much trepidation, | will try to do this.

The Soil-Landscape Model

Understanding the soil-landscape model requires one to break faith with a long held tenet of soil science. That is
the idea that soil is a continuum on the landscape. The word continuum is derived from the Latin continuus,
meaning uninterrupted. However, the soil cover is interrupted frequently by nonsoil areas such as rock and water.
Even within soil areas, the continuum is marked by frequent, often abrupt discontinuities. It is these fortuitous
discontinuities that make soil maps possible at a reasonable cost. With this idea in mind, the major concepts of
the soil-landscape model are presented.

1. Soil-landscape units are natural terrains resulting from the same five factors conventionally cited in
the functional equation for soil formation. A soil-landscape unit has a recognizable form and
shape on the surface of the earth. A soil-landscape unit is similar to a landform, but is more
narrowly defined. For example, two areas could be designated as slopes and, thus, would be the
same landform. However, the soil on a south-facing slope might be drastically different from the
soil on a north-facing slope. Therefore, at least two soil-landscape units would be recognized on
this landform. A soil-landscape unit can be thought of as a landform further modified by one or
more of the soil forming factors. See Hawley and Parsons (1980) for a comprehensive definition
of the term landform.

2. Soil-landscape units have a predictable spatial relationship to one another. For example, one kind
will always be located below another, etc.

3. In agiven soil survey area, there are relatively few soil-landscape units. These few are replicated
again and again.

4. Generally, the more different two adjacent soil-landscape units are, the more abrupt and striking
the discontinuity separating them. An example is the boundary between a steep side slope and
an alluvial flat at its base. Conversely, the more nearly alike two adjacent soil-landscape units are,
the less striking the discontinuity separating them.

5. The boundaries between distinct soil-landscape units can be observed and mapped as
discontinuities on the earth’s surface. As a result, they can be delineated accurately by trained
mappers.

6. A distinctive, relatively homogenous soil cover develops on each soil- landscape unit. Two
distinctively different soil-landscape units typically sup- port soil covers that are significantly
different from each other in appearance and behavior. The more stable the landscapes, the
higher the covariance between soil and landscape unit. Once the soil-landscape relationships are
determined in an area, the soil cover can be inferred by examining the landscape. Soil is
examined directly only as needed to validate this relationship.

7. Since the boundaries between distinctly different landscape units tend to be abrupt and prominent,
the boundaries between their associated soils tend to be abrupt and prominent.

8. As aresult of no.6 and 7 previously, adjacent soils that are distinctly different will tend to be on
distinctly different landscape units separated .by abrupt discontinuities. As a general rule, the
more different two adjacent soils are, the easier it is to locate the boundary between them
accurately and precisely. This is a fortuitous relationship. Because of it, adjacent soils that differ
markedly in appearance and behavior tend to be separated in map- ping with precision and
accuracy.

9. Within a given soil-landscape unit, soil variation, at the human scale of perception, is mostly cyclic.
Adjacent soils tend to be similar and the boundaries between them tend to be indistinct and
gradational. Soils within the same landscape unit normally cannot be separated with precision.

Summary

Soil mapping is possible because of observable discontinuities between landscape units and the strong covariance
between landscape units and soils.These relationships make it possible to accurately delineate bodies of soil with
limited observations.

A small percentage of the time one encounters adjacent soils that differ markedly in behavior due: to someproperty
not reflected in the landscape. These rare situations require special procedures. However, in most cases,
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extreme difficulty in delineating soils is a result of poor survey design. For example, attempts are sometimes made
to separate soils having only a minor difference in subsoil color. The covariance between this kind of difference
and landscape units is very low. As a result, the mapping is frustrating and he product is poor.

The validity of the soil-landscape model assures that soil boundaries can be located accurately and precisely. The
model explains how this can be done using affordable field procedures. It provides a strong theoretical basis for
he way we map soils. Assuming that soil boundaries can be located accurately, we still have the following
important question to consider: Are the soil bodies we draw lines around uniform enough that we can make
reasonable interpretations? This issue is addressed in the next section.

Interpretation of Soils
Statements such as the following (Miller et al., 1980) are made frequently concerning soil maps.

...The user should be aware of how soil landscapes are sampled by the soil scientist and how inferences
derived from such observations are extrapolated to produce the delineations that result in the map. The
user should also be aware of the composition of the map units with respect to inclusions, the relationship
of taxonomic heterogeneity to interpretive accuracy, the different degrees of variability of soil properties,
and the confidence limits of the statements that can be made about the behavior of the soil map units it
delineates.

Many soil scientists totally agree with such statements. They believe that there are so many inclusions in soil map
units that they cannot be interpreted unambiguously. They maintain that to properly interpret a map unit, one must
identify and characterize inclusions, explain variation in the map unit, and convey all of this information to the user.
Furthermore, if the statements above are any indication, the user must have an extremely high level of technical
knowledge. Otherwise, the user cannot understand the spatial variability within map units, the relationship of
taxonomic heterogeneity to interpretive accuracy, etc. The fact that statements such as this are being written by
S0 many is a sad commentary on the soil survey. It indicates a loss of confidence in our product.

There is a growing feeling that something is fundamentally wrong with soil maps and no one can figure out how to
fix it. One symptom of this problem is the obsession with variability in map units. Recently, no technical meeting
has been complete without a discussion of transects and new computer programs to calculate statistics. There is
unending discussion of how information about map unit variability can be presented in soil survey reports.Over the
last decade, numerous work groups and committees have been formed to examine the problem of map
unit variability and inclusions. Despite all of this discussion, no real progress has been made. We are still
having the same arguments and discussions that were going on 15 years ago.

Much of the concern about and obsession with the variability in map units is unfounded. This perceived
problem results largely from using a poor conceptual model to explain how we interpret map units. The problem is
not what we do to interpret map units. The problem is how we think about what we do. In order to develop this
argument it is necessary to consider the concepts we have chosen to use in interpreting soils. The development of
these concepts and how they have contributed to our present dilemma will be discussed.

Historical Perspective

One cannot deny the fact that there is variability among pedons making up a soil map unit. In that respect, map
units are no different from any other natural population. However, the way soil scientists chose to view the
variability of map units was atypical. Originally, they vastly underestimated the natural variability of the pedon
population in soil map units. Because of this, they chose an unlikely statistic to characterize them. Early in the soll
survey the decision was made to use the mode to make inferences about the population of pedons in a soil map
unit. To do this, the class of soil found to occur most frequently in the map unit was determined. A modal pedon,
selected to represent this class, then used to mane the map unit and as a basis for interpreting it.

The mode was chosen to name and interpret map units because of early assumption about map unit variability. At
the time it seemed to be an extremely logical decision. Map units were assumed to be very homogeneous. It was
thought that the modal soil would make up 80 to 90 percent or more of the map unit. With these assumptions,
using the modal class to represent the map unit made perfect sense.

However, it soon became apparent that soil map units were not as homogeneous originally assumed. Soil
scientists had to face the following embarrassing fact: What was designated as the modal class of soil for a map
unit typically made up a relatively small part of the map unit area. Over the years, a number of things were done in
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attempts to cope with or explain away the deficiency.

One approach taken was to increase the percentage of inclusions permitted in a soil map unit. For example, the
Soil Survey Manual (Soil Survey Staff, 1951) allowed up to 15 percent inclusions in a map unit named for one soil.
By 1967, Soils Memo 66 allowed up to 50 percent similar inclusions in a map unit.

In addition to increasing the allowable inclusions in map units, a number of qualifying phrases were coined to help
identify and explain such inclusions. For example, phrases such as limiting and non-limiting inclusions and similar
and dissimilar soils came into common usage. During this period a number of formal studies reinforced the
growing perception that soil map units had inclusions of unknown magnitude (McCornack and Wilding, 1969;
Amos and Whiteside, 1975; Powell and Springer, 1965; Wilding et al., 1965; Campbell, 1978). The need to
guantify map unit variation was stressed. Although they did a good job of pointing out the problem, none of these
studies offered a good solution. The increasing realization that map units were being named and interpreted
based on a modal class that often made up only a small part of the map unit area led to the development of
another concept. This idea, invalid in my view, can be called the Taxonomic Unit-Map Unit Duality. It asserts that
taxonomic units are pure concepts, whereas soil map units are real. This duality was created in an attempt to
disassociate the concepts of map units and taxonomic units.

If one thing is considered real, while the other is deemed conceptual, then the lack of correspondence between
them can be dismissed. Whether map units and taxonomic units are considered real depends upon one’s
assumptions, i.e., how the two things are defined and what in those definitions is considered acceptable evidence
of reality. | believe this supposed dichotomy between taxonomic units and map units was accepted without rigid
philosophical scrutiny because the perceived need to put some instance between them was so great.

Despite steps taken to increase the percentage of allowable inclusions, to create the map unit-taxonomic unit
duality, and the use of new terms to describe inclusions, no real progress has been made in resolving this
problem. We still do not know how to deal with variability in soil map units. We are still setting up committees and
working groups, and publishing studies, all to no avail.

The latest proposed solution is elaborate statistics coupled with computer analysis. The thinking is thus: If we take
enough transect data and analyze it properly, we can account for and explain the variability in map units. This
statistical information (means, standard deviations, confidence intervals, etc.) will be presented to users along with
the maps. The user will evaluate the statistics, thereby determining the level of confidence he can place in each
map unit. Then he can proceed to use the soil survey report properly, i.e., understanding all of our caveats and
disclaimers.

Field Perspective

If variation within map units is such a problem, it should be affecting the use of soil maps in the field. Most users of
soil maps are totally oblivious to all of our concerns about such things as map unit purity, dissimilar inclusions and
spatial variability. In fact, nearly all users do exactly what so many are afraid they will do. Being unaware of the
uncertainties about inclusions and map unit variability, they assume that map units are largely homogeneous.
Furthermore that a map unit is mostly made up of the soil used to name it. Therefore, they see no problem in
using_interpretations for this named soil to make decisions concerning the map unit.

Surprisingly, this process has worked well. Planners, sanitarians,_real estate appraisers, tax officials; all of these
and others have used soil maps and interpretations at face value for many years with few problems. Having
worked in two rapidly developing areas of the country, | can speak from personal experience. In North Carolina
and Maryland soil maps were relied upon heavily to make decisions about street location, suitability for onsite
sewage disposal, wetland determinations, crop insurance, and many other uses. During more than ten years in
the field, | know of no cases in which relying on a soils map resulted in a bad decision. In fact, after people had
used soil maps and became familiar with them, they were convinced of their reliability. | recently queried several
soil scientists who have spent many years in the field interpreting soil maps. Their experience was similar to mine;
they found that soil maps performed very well, even for very specific interpretations. With all of the inclusions and
variability we maintain in soil map units, how is this possible? Considering these theoretical problems, soil maps
should not work nearly as well as they do.

In order to explain why soil maps function well in practice despite theoretical shortcomings, it is necessary to
present a model or, more correctly, a paradigm for map unit interpretation. This model is really just an accounting
of what we actually have been doing for many years.





Model for Interpreting Soil Map Units

For purposes of illustration, this model assumes the simplest case, a stable landscape and relatively uniform
parent material. This simplest case actually is very common in the USA. The main points of a functional model for
interpreting soil map units follow.

1. Stable soil-landscape units in relatively uniform parent material have a uniform soil cover.

a) Within the soil-landscape unit, most of the soils do not differ greatly in depth, texture, drainage and other
important properties.

b) No general statements can be made about taxonomic purity, because some soils that are very similar
physically and chemically can be far apart in Soil Taxonomy.

c) However, many soil-landscapes are dominated by similar series or similar soil families. Most of the soil
variation, at the scale of human observation, is continuous and cyclic over the landscape unit. This
dominant area, or dominant population of pedons, typically covers 90 percent or more of the landscape
unit.

2. Interpretations for a soil map unit can be based on the mean soil condition of the dominant pedon population in
the soil landscape unit. Using transects or other methods, the soil that represents the average condition in
the dominant pedon population with respect to depth, texture, drainage, and other important properties is
selected. This pedon is used to name the map unit and interpret it. Variation in the dominant pedon
population is mostly cyclic over the soil-landscape unit. Therefore, the mean pedon, which averages out
cyclic, short distance variability within a map unit, is a good predictor of how an area of soil will behave.

3. There often is a small component of the soil-landscape unit, typically < 10%, containing soils significantly
different from the dominant population. An example is small intermittent wet spots scattered throughout a
landscape unit dominated by well drained soil. Such irregularities are common in many map units. The user
can be informed about the possibility of encountering small areas of very dissimilar soils.

Comparison of Mode and Mean to Interpret Map Units

The statistic one uses to make inferences about the pedon population in a map unit depends upon how one views
soil variability within map units. The widely held modal concept assumes that individual soils occur as discrete,
identifiable areas within the map unit. Therefore, the soil chosen to name and interpret the map unit is the one that
covers the largest area in the map unit. However, any modal soil chosen, unless defined very broadly, will
make up only a small part of the map unit area. Therefore, one feels compelled to account for and explain the
variability of all of the non-modal pedons. Furthermore, thinking about all of those unexplained, non-modal
inclusions has cast serious doubts on the reliability of the soil maps.

Despite the perceived problems with variability and inclusions, those using soil maps have found that they work
very well. The problem is not what we are doing. The problem is how we think about what we are doing.
The modal concept is based on a questionable assumption about the spatial variation of soils in a map unit. In
contrast to the widely held modal concept, the approach outlined above asserts that most variation within a soil
delineation, at the human scale of perception, is continuous and cyclic. This variation tends to occur randomly
over small distances within delineations.

Soil maps have worked well despite all of the theoretical reasons they should not for the following reasons. In
most cases, when the modal pedon has been selected, the mean pedon also was selected by default, because the
mean tends to fall within the modal class. The mean pedon is one which, over a typical decision-making area of a
map unit, represents the average, or mean soil condition. As mentioned before, this mean soil condition tends to
average out cyclic, short distance variability within a map unit, and is a good predictor of how an area of soil will
behave. Therefore, using the modal soil to name and interpret map units has not caused problems in
interpretation.

However, thinking about doing it has caused severe problems. Trying to cope with the theoretical problems
inherent in using the mode to make interpretations about a population has caused great inefficiency. There has
been a perceived need to totally characterize map unit variability and account for non-modal inclusions only
because we have been trying to make an unsuitable concept work. The obsession with map unit variability and all
of the concern about inclusions and taxonomic purity are the result of conceptual, not technical deficiencies. The
use of the mode to interpret map units has made variability the major issue in interpreting soils.

We have been operating with faulty concepts. In order to make proper inferences about the pedon populations of
map units, a statistic that averages out cyclic variation and estimates the mean soil condition of the dominant
pedon population is required. Interpretations are made for areas of land. They should not be unduly controlled by
pedon-to-pedon variation within delineations.
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Using the mean soil condition of the dominant pedon population to interpret map units does not require that we do
anything drastically different. It simply requires that we bring the theory of interpreting map units into line with
practice. Basing interpretations on the average soil condition assumes that pedon populations of map units vary,
just as in any population. However, the model rejects the idea that pedon-to-pedon variation can be assimilated,
understood and used in making decisions about areas of land. Land use and management are based on the
average soil condition in a decision-making area. This model is consistent with the way soil maps are interpreted
in the field.

Recognizing that interpretations are based on the average condition the dominant population in a map unit has
one more advantage. Interpretations are no longer viewed as being based on a modal group of soils within the
map unit. Therefore, one is not forever trying to quantify and justify a large percentage of non-modal inclusions.

Early soil mappers recognized, as we do, that most map units are dominated by large bodies of relatively uniform
soil. They found, through experience, that this body of soil could be used to characterize and interpret the map
unit. However, they assumed that it was sufficiently homogeneous to be represented by a modal class of soil.
When discussing the dominant pedon population, | am referring to this same dominant body of soil. However,
although this body of soil is uniform enough to interpret well, it has too much short distance cyclic variabilities to
represent a reasonable modal class. Therefore, the mean soil condition should be used to characterize this body
of soil - and to name and interpret the map Unit.

Researchers must continue to study soil geography_including the nature of variation in soil delineations and the
relationships between taxonomic units and map units. However, such issues will not significantly affect the way in
which most soil maps are made and interpreted. Therefore, field soil scientists need not be overly concerned with
them. Many soil scientists struggle with such issues as similar inclusions and soil variability in attempts to over-
come conceptual, not operational problems. They hope that by extensively documenting map unit inclusions and
taxonomic variability they somehow can make an invalid concept work. However, such efforts will be in vain.
Using the modal class of soil to interpret map units will continue to create conceptual dilemmas that cannot_be
resolved.
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28 SOIL SURVEY HORIZONS

A Pedological Tale'

Sam J. Indorante®

Soil scientists must be proficient at identifying pedons, but a broader perspec-
tive must be gained to effectively map geographic order. Recent events in the
Land of Numbers illustrate the problem.

Turtle’s First Day at Work

Not so long ago, in the Land of Numbers, a soil survey was in progress.
This was important because good farmland was at a premium in the Land of
Numbers and a soil survey would help the inhabitants use their limited land
resources wisely. The Party Leader, Rabbit, lived in the town of Even and had
been surveying soils for a long time. He had a good eye for making soil maps
and was very good at training young field soil scientists.

Turtle showed up for his 1st day of work ready and eager to map soils. He
graduated with a degree in soils from Stately University, the Land Grant Col-
lege of the region. Rabbit was impressed with Turtie’s credentials. He graduated
with honors and even got an ““A’’ in Soils 333—Soil Taxonomy for Beginners.
This was fine, but Rabbit knew book learning and application were two different
things and that training would be needed in order for Turtle to become a com-
petent soil scientist.

After taking care of the details that go along with the 1st day of work, Rab-
bit began training Turtle. They sat down and discussed some of the basics about
soil morphology and soil classification in preparation for Turtle’s 1st day in the
field. As it turned out, Rabbit wouldn’t be around the next day to train Turtle
in the field because he had to attend his sister’s wedding in the nearby town of
Odd. Rabbit didn’t want to waste any time so he gave Turtle all the equipment
he needed to make a soil map, with the idea that Turtle could go to the field
by himself the next day.

Next, Rabbit showed Turtle the area where he was to map. It was between
the Towns of Even and Odd, so Turtle would have no problem finding the area.
Turtle’s 1st day on the job ended and Rabbit wished Turtle luck on his 1st day
in the field. As they walked out the office door Rabbit said he would see Turtle
in a couple of days.

Turtle On His Own

Turtle was slow so he showed up for work very early because he knew it
would take him quite a while to get to the field. Having reached the area bet-
ween Even and Odd, shortly after noon, Turtle began his circuit around the area
with great hopes that he would make an accurate soil map. The eagerness he
began with soon turned into frustration. After hours of walking, poking holes,
and looking at cores he had taken from the ground, Turtle had not drawn one
soil line on the aerial photo. Every soil he observed was different, but he just
couldn’t see any order. To say the least he was confused, but he didn’t know why.

! Contribution from the USDA-SCS, Princeton, IL 61356.

2 Soil scientist, USDA-SCS, current address, Dep. of Agronomy, Univ. of Missouri, Colum-
bia 65211.
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Rabbit reviewed Turtle’s aerial photo the next day but was not surprised
or disturbed by the lack of lines on the map. Halfway to his sister’s wedding
Rabbit remembered that he had forgotton to give Turtle one very important piece -
of equipment. That piece of equipment was the pair of glasses that every soil
scientist needs to view the landscape through. No wonder Turtle couldn’t make
any sense of what he saw while he was in the field.

Luckily Rabbit was good friends with Owl Optometrist in Even, Rabbit made
an appointment for Turtle with Dr. Owl. The appointment was for that afternoon.

Turtle’s Visit With Dr. Owl

Turtle explained his problem to Dr. Owl who just shook his head because
he had seen this problem in young soil scientists before. In order to fit Turtle
with the correct pair of glasses for viewing the landscape Dr. Owl knew that a
few different prescriptions would have to be tried first. Dr. Owl prescribed tax-
onomic glasses first because he knew that Turtle needed to apply what he
learned about Soil Taxonomy at Stately University.

Turtle went back to the area between Even and Odd and this time viewed
the landscape through taxonomic glasses. As he viewed the landscape and spot
checked in the field he saw Typic Hapludalfs, Aquic Hapludalfs, Typic
Hapludolls, and Typic Fluvaquents just to name a few. Turtle thought this was
great, because he finally got to use what he learned at Stately University in Soils
333—Soil Taxonomy for Beginners.

Turtle found the taxonomic glasses helpful. Even though no two borings
were alike, he now found it much easier to group them into similar groups. With
help from a taxonomic list of series, Turtle found appropriate series names for
each soil. Turtle drew lines on the map but after a short time became frustrated.
He just couldn’t seem to bore enough holes. He could identify the soils but he
couldn’t see the pattern of the soils on the landscape. After Turtle would bore
a hole he would identify the soil and then he would draw a line around himself.

He returned to the office and showed his map to Rabbit. Rabbit checked
the new map and was not surprised at what he saw. Rabbit was pleased to see
lines on the map but was concerned about the conglomeration of circles. By wear-
ing only taxonomic glasses while mapping, Turtle became a ‘‘hole mapper.’’?
Turtle correctly identified many pedons, but failed to group them cartographically
into mappable bodies showing a high degree of taxonomic homogeneity. The
taxonomic glasses did not enable Turtle to see any relationship between the mor-
phology of soils and identifiable landscape features. Taxonomic glasses alone
caused Turtle to cut the landscape up into segments that were too small and
numerous to be useful to planners and managers.

Turtle had a thin shell so he took Rabbit’s criticism personally, but Rabbit
assured him that he wasn’t the first soil mapper to find taxonomic glasses alone
inadequate. Rabbit told Turtle to take heart because if taxonomic glasses are
used correctly they are a powerful tool when it comes to making and interpreting
soil surveys. Rabbit suggested that Turtle closely study p. 407-409 (Chapter 19,
section Large-scale soil maps) of Soil Taxonomy (Soil Survey Staff, 1975) and
then make another appointment to see Dr. Owl.

* Hole-mapping—the procedure in which the surveyor digs a hole and tentatively identifies
the soil (series); he then digs another hole and compares its profile to that of the first soil. Then
if he believes that the second pedon is outside the definitive limits of the first soil, he draws
a boundary between the two holes without regard to the soil landscape. Roy Smith, USDA-
SCS, Soil Correlation School, Lincoln, NE. January 1982.
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Turtle’s Second Visit With Dr. Owl

Dr. Owl welcomed Turtle into his office. Dr, Owl listened closely as Turtle
explained his problem, but Dr. Owl knew what Turtle was going to say. As Dr.
Owl led Turtle into the examining room, he explained to Turtle that the tax-
onomic glasses enabled him to see categorical order but not cartographic or
geographic order.

Turtle made himself comfortable in the examining chair as Dr. Owl went
on to explain what other kinds of glasses might be helpful when making a soil
map. He said geomorphic glasses are good for seeing landforms and geologic
glasses are good for identifying parent materials but each of these single vision
prescriptions by themselves were inadequate when it came to soil surveying. Dr.
Owl stated that genetic glasses alone would help his soil mapping tremendously,
but that the strongest soil mapping glasses would combine geomorphic, geologic,
and genetic prescriptions.

Turtle became very excited. He hated wearing glasses but he would do
anything to be a good soil scientist. Dr. Owl went into the back room and returned
holding a pair of glasses similar to the sunglasses baseball players wear on bright
days. Before Turtle tried the glasses on, Dr. Owl explained that the lenses on
the main frame were combination geomorphic, geologic, and genetic glasses and
that the lenses on the flip-up/flip-down part of the frame were taxonomic glasses.
Turtle told Dr. Owl that the glasses looked funny, but Dr. Owl assured him that
they would do the job. As Turtle walked out of the office he thanked Dr. Owl.
Dr. Owl reminded Turtle to view the landscape first through the main glasses,
and then to flip back and forth between the main glasses and the taxonomic glasses
until he had perceived (mapped) a meaningful geographic soil pattern and ap-
propriately classified the soils.

Turtle went back to the area between Even and Odd and began to walk the
landscape, this time wearing his new pair of glasses (Fig. 1). He remembered
what Dr. Owl had said about viewing the landscape first through the main frame
then a geographic pattern of soils emerged before his eyes. Turtle thought to
himself that this must be the geographic order that Dr. Owl menticned. Seeing
this geographic order was the first step in making a soil map. Turtle sketched
some rough soil landscape lines on his aerial photograph. Next he flipped down
his taxonomic glasses. Now Turtle could focus in on important soil properties
as they relate to class concepts. As Turtle viewed the area through his new glasses
he saw the relationship between soil properties and the landscape. Walking across
the landscape, he viewed the landscape through his special glasses, identifying
and then spot checking the soils, using his probe frequently to reveal subsurface
soil features. Turtle would flip the taxonomic glasses up and view the landscape
through just the main frame, but when he needed to focus on important soil
preperties in order to name and correlate the soils (identify map units) he would
view the landscape through both the geomorphic, geologic, and genetic glasses
and the flip-down taxonomic glasses. By flipping back and forth between pairs
of glasses, Turtle was able to complete and adjust the tentative soil lines that
he first sketched on his aerial photograph. By the end of the work day Turtle
felt confident that his soil map was a good one.

The Happy Ending

As it turns out the end of this story is a happy one. Rabbit reviewed Tur-
tle’s map and saw right away that the map was a good one. Rabbit knew that

b
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Fig. 1. Turtle, a young field soil scientist, making a soil map with the aid of his combination
geomorphic, geologic, genetic glasses with flip-down taxonomic glasses.

Turtle’s new glasses were just what the doctor ordered when it came to making
a map that consistently grouped soils that are similar and separated soils that
are different.

The moral of this story is simple. Two pairs of glasses are needed to make
a good soil map. The first is a pair of reading glasses so that p. 407-409 of Soil
Taxonomy can be read. The second pair are the combination geomorphic,
geologic, genetic glasses with flip-down taxonomic glasses that can be purchas-
ed at Dr. Owl’s in the town of Even. With both pairs of glasses a hole mapper
becomes a ‘‘whole mapper.”’
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SUMMARY

The classification of intermontane-basin landforms
presented here was designed to help locate both soil
associations and individual soils in a landscape. It is
based on morphogenetic affinities of landforms and on
their physical scales relative to individual soils. The land-
forms are illustrated with line drawings which accentuate
their diagnostic features. Most of the names were selected
from the literature for familiarity. Some were coined and
a glossary is appended.

Intermontane basins are differentiated as bolsons and
semi-bolsons by their internal or external drainage.
These very similar basins are divided into mountain,
piedmont-slope, and basin-floor major physiographic
parts. Mountain and hill landforms cannot be classified
further at present, but ad hoc description of their ero-
sional slopes is explained. The major physiographic parts
are divided into major landforms: mountain-valley fans,
ballenas, alluvial fans, fan piedmont, fan skirt, alluvial
flat, and playa or axial-stream floodplain. These major
landforms are then described by their component land-
forms, or the erosional remnants and constructional ad-
ditions, which along with relict areas now compose the

original area of a major landform and accord with many
individual soils. Fan remnants, inset fans, and fan aprons
are examples of component landforms. Landform ele-
ments, or genetically distinctive parts of component land-
forms, such as summit and sideslope, are identified next.
Slope components of the erosional-sideslope landform
element are the final subdivision. Classes of the latter two
categories accord with most individual soils whose phys-
iographic position is not precisely identified by the more
general terms.

Since effective use of landform analysis in soil surveys
requires understanding the vagaries of both landform
nomenclature and soil mapping, the narrative starts with
a brief historical explanation of each. Landform analysis
merges with recognition of geomorphic surfaces, a basic
tool for understanding soil patterns and genesis. A tool
that must be narrowly defined, however, to serve soil
studies. Those requirements are discussed briefly.

Range scientists, geographers, archaecologists, and
geologists may find this landform classification useful for
field work. They also may wish to turn directly to the
section on Basin and Range Landscapes.

Cover Photo: A view of the fan piedmont and alluvial
fans below the Quinn Canyon Range on the east side of

Railroad Valley, Nevada. One large alluvial fan issues

from Deep Creek, behind and immediately left of the
dark trees at a ranch headquarters in the middleground.
Other small alluvial fans issue from minor drainages of
the mountain front to the right of the photo. The alluvial
fan from Deep Creek flares out onto the fan piedmont
about half a mile behind the ranch headquarters. Though
not visible from the distance of this photo, this large
alluvial fan is comprised of one area of prominent ero-
sional fan remnants and another, larger area of only
somewhat dissected, relict fan surface. A barely visible
light streak extending out from the mouth of Deep Creek
is the north wall of a deep fanhead trench cut across the
alluvial fan and occupied by an inset fan. The fan pied-
mont, which extends from the foreground to the middle-
ground, is a largely relict fan surface with some younger
fan aprons that are not visible. To the far right, a short
belt of digitate ballenas sets below minor drainages of the
mountain front. The fan piedmont is about 5,000 feet
elevation in the immediate foreground. The apex of the
Deep Creek alluvial fan is at about 6,000 feet, some five
miles distant, and the Quinn Canyon Range rises to peaks

of 10,000 feet elevation.
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LANDFORMS AND SOIL SURVEY

The traditional, detailed soil surveys could ignore
landform description, but the reconnaissance soil surveys
now being made through the western United States de-
mand effective landform identification to help establish
soil location. Both types of surveys have as their primary
purposes (1) identifying kinds of soils and (2) showing
their locations. Names from classifications identify kind,
whereas maps should establish location. During the years
when most soil surveys were detailed, the boundary of
each delineation! of the most commonly-used map unit
automatically showed the location of an individual soil in
the landscape. This kind of map unit has only one soil
component per delineation and is now called a soil con-
sociation. At that earlier time, therefore, interest in locat-
ing soils concentrated on cartographic accuracy and map
utility in the field. Aerialphoto maps replaced topogra-
phic base maps in the early 1940’s because the drain-
ageways, trails, fields, and vegetation they revealed were
a much more effective control for finding soil boundaries
in the field both during and after mapping. In compari-
son, reconnaissance soil surveys, such as those now called
Order 3 and 4 surveys?, have built-in problems for locat-
ing individual soils that are not noticed for most detailed,
or Order 2, soil surveys.

Soil location is somewhat equivocal in reconnaissance
soil surveys because their maps are generalized by using
soil association map units and by reducing map scale.
Soil associations have two or more component soils per
delineation and several bodies of each component are apt
to occur in each delineation. Their individual locations,
therefore, are not shown by boundaries. Small map scale
results in the delineations representing very large land-
scape areas3 and exaggerates the problems. These gener-
alized maps are popular for planning extensive land uses
of large areas. They may also be used for field operations
that still require locating individual soils.

Since soil patterns so commonly coincide with land-
forms, physiographic position, i.e., position relative to
landforms, can be used to describe where individual soils
may be found within delineations of a soil association.
But, soil surveyors have had difficulty describing physio-
graphic positions even though they have used landforms
as one clue for mapping soils since the 1890’s. The prob-
lem is partly one of unfamiliarity with landform termi-

1A delineation is an area on a map enclosed by a boundary. A map unit
is comprised of one to many delineations that show locations in a
landscape where there are the same kind or kinds of soils. One or
more component soils occupy the majority of each delineation of a
map unitand are formally identified in the map unit name or descrip-
tion. Normally, there are additional inclusions of similar or contrast-
ing soils that may or may not be in any particular delineation or
mentioned in the map unit description. Soil mapping terminoldgy
and kinds of soil map units are defined in Appendix I, Table 2.

2The different orders of soil surveys, which identify kinds of surveys and
mapping intensity, are described in Appendix 1.

3Mapping scales and the resultant areas represented by minimum size
delineations are listed in Appendix 1.

nology and partly that utilitarian landform concepts bear
little relation to genetic soil patterns. Furthermore, even
morphogenetic landform concepts that relate to soil pat-
terns have been used for different landforms thus confus-
ing their meaning. Anotherfactoris the expansible phys-
ical scale with which landform designations have been
applied in the geological and geographic studies from
which they have been taken for use in soil survey.

This bulletin presents a hierarchicaland morphogenet-
ic landform classification for the intermontane basins of
the western United States that is tied to the physical scale
of soils. Utilitarian and morphogenetic landform con-
cepts and their applicability to soil surveys are discussed.
Means for ad hoc landform descriptions of hills and
mountains are suggested. And, since landform recogni-
tion merges with the concept of the geomorphic surface
that is so valuable for mapping soils, this concept is
briefly investigated.

Landforms and Landscapes

Geographers define a landscape as all those features
the eye perceives in a sweeping out-of-doors view: the
vegetation, buildings, roads, fields, and those multiple
topographic features, or landforms—such as hills, val-
leys, and plains—that so often are related to land use. A
landform is a three-dimensional part of the general land
surface which is distinctive and recognizable because it
has some significance to people and repeats across the
landscape in a fairly consistent position with respect to
surrounding landforms. Thus, hills are elevated masses
that stand above, and have sideslopes steeper than the
surrounding plains or valley floors. Or, a stream terrace is
a bench that sets within sloping valley walls and above a
paralleling floodplain. Some landforms are composed of
distinctive materials. Other landforms, such as hills and
plains, may be underlain by a variety of rocks, alluvium,
loess, or other materials.

When geologists view a landscape, they emphasize
landforms, particularly those to which they can attach an
understanding of formation by erosion or deposition.
Soil surveyors share both geographers’ and geologists’
interests, but the genetic implications of the landforms
take priority. They suggest those differences in soil age,
parent material, and drainage that largely determine soil
patterns, and also can be used to design soil-association
map units that fit easily recognizable parts of large land-
scapes and have predictable soil patterns.

Landforms are recognized because they have some
special significance. Since various people will view the
same topographic feature with different interests, it is not
surprising they will use various names for the feature, or
set its boundaries at different locations in their mind’s
eye. Hills, mountains, valleys, and plains are utilitarian
identifications that suggest ease of travel, possible water





sources, or field locations. Utilitarian identifications car-
ry few implications for soil occurrence.

Floodplains, stream terraces, alluvial fans, and playas
are morphogenetic identifications that not only have util-
itarian implications, but also indicate a particular topo-
graphic form and suggest the mode of formation, kind of
material, and drainage. By its relation to other land-
forms, a landform may even suggest soil age. Morpho-
genetic identifications are more useful for soil surveys,
but unfortunately not all landforms have morphogenetic
names, or the names have been used with various mean-
ings. For this bulletin, morphogenetic names for land-
forms of intermontane basins have been selected largely
from the geological literature and some have been rede-
fined, a few have been coined, and all these are presented
in a morphogenetic hierarchy. Equally useful terms for
hills and mountains are lacking, but some ways of identi-
fying their features are suggested.

Soil Mapping and Landforms

Soil surveyors sometimes are asked how many sam-
ples they take during mapping. It is difficult to explain
that pits are usually dug only to confirm a prediction of
the kind of soil that should occur in a landscape parcel
and that mapping is based mostly on things seen. A
metaphor helps: If one were asked, for some strange
reason, to map the amount, distribution, and type of
roots over 100,000 acres of range and woodland, how
might it be done? The roots are out-of-sight, hidden.
Certainly one wouldn’t dig up every plant—that would
destroy the vegetation and be prohibitively expensive.
Many people quickly and correctly answer, “why, 1
would examine the roots of the common plants, and then
use the plants [ can see to make the map.” A soil surveyor
likewise makes local correlations between visible land-
scape features and the soils “hidden” beneath the land
surface. Soils are mapped largely by what can be seen—
landforms, vegetation, rocks, etc.—and what we have
learned those visible features imply about the parent
materials, drainage, and ages of land surfaces that con-
trol soil patterns. These genetic factors, along with cli-
mate and vegetation, allow.mapping soils by prediction
with pits used largely for confirmation.

Why Identify Landforms by Name?

Soil surveyors certainly do not have to name land-
forms to see and correlate them with soils. But most
people see those things they can name more sharply.
Also, identifying landforms by name greatly speeds train-
ing novices and helps readers of soil surveys visualize
where the soils occur. Three more benefits may be ob-
tained from explicit identification: First, if one wittingly
thinks about a landform, he may be able to predict the
particle sizes, stratification, depth to bedrock, and in
certain situations, the mineralogy of the parent material
it provides. Second, if the patterns of landforms are
noted, they commonly suggest soil ages. A floodplain
soil, for example, has to be younger than a soil on an
adjacent stream terrace that stands above it. Therefofe
the soils are apt to differ. Such predictions facilitate soil
mapping. Third, landform patterns are a powerful tool
for designing and describing soil map units, if the land-
forms can be named.

Problems in Using Landforms
for Soil Survey

Some familiar landform names do not differentiate
the physiographic positions of associated soils that clear-
ly occupy different positions. Forexample, very different
soils with various ages are apt to occur on the same
“alluvial fan™. This happens because individual soils
(polypedons*) are not necessarily, or even commonly,
coextensive with landforms traditionally conceived. To
continue the example, most large alluvial fans’ are actual-
ly comprised of numerous remnants and recent small
deposits of different ages. Each age of surface thus
formed isapt to have its own kind of soil. In practice, the
familiar concept, “alluvial fan™, refers only to the gross
topographic form, alluvial material, and gross position in
the landscape. The physical scale at which alluvial fans
and other familiar landforms are commonly recognized is
not the same scale at which soils occur on the various-age
alluvial deposits and erosion surfaces that comprise these
major landforms. Other major landforms that ordinarily
are much larger physical features than the bodies of soil
that comprise their surfaces include the mountain-valley
fans, fan piedmonts, alluvial flats, lake plains, and
playas. All will be described laterS. The hierarchical clas-
sification of the landforms in intermontane basins that is
given here provides an at least a partial solution for this
problem of scale.

A similar classification is not presently available for
the hills and mountains which bound intermontane ba-
sins. Mountains are distinguished from hills on a strictly
utilitarian basis of relief (i.e., mountains are greater than
1000 feet from base to summit, hills are less). Some
simple, single-category distinctions are available for
shape. They include buttes, mesas, hogbacks, cuestas,
and domes, but these bear little relation to soil patterns.
Rather, the positions of soils on hills are best described by
slope components (e.g., crest, shoulder, backslope, foot-
slope, toeslope) and by shape of the slopes. These slope
components and shapes can be related to models of ero-
sional slope development (discussed later) and provide
genetic clues to soil occurrence.

The second problem was mentioned earlier: among
the available landform concepts, some are utilitarian and
some morphogenetic and they are not equally useful.
Patently utilitarian names come from the common lan-
guage. For example, plains are easier to cross on foot or
in 2 wagon than hills, and mountains are tall barriers
infrequently broken by “passes”. Valley bottoms are
places where water might be found, and a gully can be
traversed more quickly than a canyon. Other landform
names have had genetic meanings attached, or have been
newly devised since the advent of geological understand-
ing. These morphogenetic terms are the most useful to us

4A polypedon is an individual body of soil identified at the soil-Series
level of taxonomic generality. Itis the real and smallest individual soil
body that we classify, identify, and map. We may identify soil bodies
at higher taxonomic levels, e.g., by soil Family or Subgroup, or
cartographically generalize to try and fit large landform units, but the
basic intellectual problem of coextensive physical scales is not
alleviated.

5SMany of the landform terms that are unfamiliar to the reader, and not
yet defined, may be found in the Glossary.





since they imply form, genesis, and materials that with
their relations to adjacent landforms, help us understand
soil patterns. For example, floodplains are transversely
nearly level. They are composed of size sorted, commonly
stratified alluvium and they may have a shallow water
table. Also they are younger than an adjacent stream
terrace. Similarly, a simple alluvial fan has a straight or
slightly concave slope and convex contour. We expect it
to be crudely stratified and have larger particle sizes at its
apex than at its toeslope, though exceptions are numer-
ous. Furthermore, its lithology should directly reflect its
provenance, i.e., the kinds of rock in its source area.
The common and geological languages do have some
simple landform groupings. A mountain range comprises
peaks, ridges, spurs, and canyons. A valley has its rim,
walls, terraces, inner-valley scarp, and floodplain. Gla-
cial drift comprises till plains, outwash plains, kettle mo-
raine, and end and recessional moraines. Dichotomies
are as common as groupings. For instance, uplands and
lowlands are known to all. Originally, these terms re-
ferred to the habitats of those people close to the sea and
others back in the hills of northern Europe. So uplands
and lowlands had strong cultural overtones. In our pres-
ent soils context, the terms imply well drained versus
poorly drained for some people. Others see them as ero-
sional versus depositional areas, or mountains versus
plains, high elevations versus low, or above flood or tide
versus periodically inundated. Upland and lowland has
been so variously used as to be almost meaningless.
Other landform names involve geographic overlap and
illustrate the numerous physiographic descriptors avail-
able in the language: avalley wall may as well be called a
valley slope, a hillslope, or a mountain slope. Mountain
footslopes merge somehow with, or could be called the
piedmont¢. Fluves (drainageways) cannot be conceived

without interfluves (the watersheds between streams, or
divides), yet, depending on scale, a watershed may be
occupied by numerous, progressively smaller, tributary
fluves, each with its own interfluve. But we can find all
these physiographic descriptors useful.

First, we must use utilitarian terms where morpho-
genetic terms are not available. Second, we have to accept
the fact that many, if not most, polypedons are not coex-
tensive with many familiar landforms, that the same kind
of soil can occur on different landforms, and that several
soils can occur on the same landform. Selection of names
at an appropriate hierarchical level will minimize the
scale problem. Willingness to list several physiographic
positions should solve the problem of a soil occurring in
various positions. Reference to various landform ele-
ments or slope components can help explain a pattern of
different soils on a single landform. Third, where adja-
cent soils on a landform, such as a floodplain, or smooth
fan skirt, do not show any physiographic clues to their
boundaries, we should say so. We should also tell where
the soils occur within the landform and suggest other
clues for location such as vegetation.

Soils are related to landforms, but the geomorphic
events that have created various landscapes are not the
only factors’ that have determined soil patterns. Land-
formanalysis helps soil mapping, but soil maps show the
integrated effects of many environmental factors in addi-
tion to geomorphic events. Also, soils can be mapped
with precision and objectivity not even approached by
landform mapping.

6The very general and useful term piedmont is used for areas, plains,
slopes, glaciers, or foothills at the base of, and rising to mountains. It
derives from the Italian Piemonte region at the base of the Alps
(A.G.1., 1972).

BASIN AND RANGE LANDSCAPES

The landscapes of the Basin and Range Province (Fig.
1) are visually dominated by isolated mountain ranges
rising abruptly from broad, alluvium-filled desert basins.
However, these ranges occupy only about 20% of the
landscape in the southern, and 35% in the northern part
of the Province. Huge intermontane basinsareally domi-
nate the Province. Several erosional desert stream valleys
and a few dissected plateaus are included.

The mountain ranges are characteristically many tens
of miles long, are narrow and fairly linear, and rise steep-
ly thousands of feet to continuous though sometimes jag-
ged crests. The long ranges roughly parallel each other in
north-south trends. They are close enough that their
intermontane basins show north-south elongation.
Though less spectacular, isolated small mountain masses
are not uncommon. Since these also are surrounded by-
broad alluvial slopes, the general landscape character of
isolated mountains with wide plains’ sloping away from
them is maintained.

The mountain ranges are mostly tilted fault blocks
strongly modified by erosion. Commonly, both sides are

equally steep and ravined or penetrated by deep canyons.
Some ranges have broad, flattish to rolling crests and
others have sharp and precipitous crests. Yet other
ranges, particularly in Nevada, have broadly rounded
crests which fallaway along lateral ridges that have strik-
ingly rounded crests and long smooth slopes themselves.
Extrusive volcanic and sedimentary bedrock (including
much limestone) are regionally dominant and locally
intermixed, although some igneous-intrusive ranges and

"The generic term plain is used for any flat, or undulating, or even
rolling area, large or small, which includes few prominent hills or
valleys and may have considerable overall slope and local relief.
Plains usually are at low elevation, relative to some adjacent highland
area though the elevation above sea level may be great. In compari-
son, a plateau is an extensive, relatively-level to sloping area that
stands at a notably higher elevation than adjacent areas and drops
steeply to them on some side. It is commonly dissected by deep
valleys, has considerable local relief, and may be surmounted by hills
or mountains (A.G.l., 1972). Both terms suggest an extensive,
smooth surface, or accordant surfaces, at the expense of ignoring
possible prominent local dissection, relief, or slopes highly significant
for soil patterns.





igneous masses intruded into volcanic or sedimentary
ranges also occur (Fenneman, 1931).

The broad intermontane basins are deep, alluvium
filled, structural depressions that reflect either the down-
dropped side of one tilted bedrock block that rests
against the upthrown side of another tilted block along a
fault line, or that reflect the downdrop of a more nearly
horizontal bedrock block (a graben) along fault lines
between two upthrown blocks (horsts). Surface drainage
from many of these structural depressions has been
blocked by a complete ring of bounding mountains. Or,
more commonly, where the depression is bounded by two
high mountain ranges surface drainage is closed off on
the other two sides by lower bedrock hills or by dams of
alluvium spilled out of particularly large mountain val-
leys (i.e., alluvial divides). Such centripetally, or internal-
ly drained desert basins have been called bolsons in the
vernacular of the southwestern United States since at
least the early 1800’s (Tolman, 1909), the term having
been derived from the Spanish word for “purse.” As some
bolsons filled with alluvium, it spilled overa low bedrock
divide. This resulted in external drainage. Other once
closed bolsons have been opened to external drainage by
headward eroding streams that have cut through bedrock
or alluvial divides. Such externally drained basins are
aptly called semi-bolsons(Tolman, 1909) since the major-
ity of their landforms are like those of bolsons. Some
semi-bolsons are traversed by perennial desert streams
fed from mountain sources. Others have only the topo-
graphic possibility for external drainage but seldom do
under the present climate. Bolson and semi-bolson de-
note drainage basins, including the bounding mountains.
They are characterized by a broad structural depression
filled with alluvium. In practice, the terms also are loosely
used to describe types of intermontane basins. The latter
term, when used in a structural sense, refers only to the
structural depression, regardless of its surface-drainage
type. However, its contraction basin is also used in a
loose generic sense for bolsons and semi-bolsons.

Bolsons and semi-bolsons are much much wider than
stream valleys of equal relief that were cut by erosion.
Construction of their gross topographic form through
alluvial filling of broad stryctural depressions (at least to
the level of spillover, or until drainage capture), rather
than by erosional excavation, has created two highly
distinctive major physiographic parts: the piedmont
slope and the nearly level basin floor. The bounding
mountains may be considered a third major physiograph-
ic part.

The piedmont slope must be considered a strictly gross
topographic form that includes all of the noticeably slop-
ing land from the bounding mountain front down to the
nearly level basin floor. The steep mountain front joins
the relatively gentle piedmont slope so abruptly that this
slope break has been termed the piedmont angle. As a
rule-of-thumb, hilly and mountainous terrain has domi-
nant slopes steeper than 159%. Within the intermontane
basins, however, slopes other than minor erosional
scarps are less than 15%. Toward the centers of the ba-
sins, the piedmont slope flares out onto the basin floor.
Bolsons have a playa, or ephemerally flooded lake, on
their floors that is the final sink for runoff water and
sediment®. Semi-bolsons have an axial stream across
their floors.

Origins of Landforms Related
to Soil Patterns

The bounding mountain ranges, piedmont slopes, and
basin floor comprise a view of an intermontane basin as
seen at a distance. The old, very general term, alluvial
plains®, has been likewise used to broadly encompass the
entire piedmont slope and basin floor of such a distantly
viewed basin, with the possible exception of the playa.
Similarly, the old, southwestern U.S. term, bajada,
broadly encompasses the piedmont slope. Both terms,
and most of their synonyms!0 take such a far view that
they ignore local relief and various age surface compo-
nents occurring in characteristic patterns. Hydrologic
and sedimentary positions that determine soil patterns
are also ignored. On closer view, not only are the basin
floors and piedmont slopes seen to be complex, but the
mountain fronts may be deeply embayed by alluvium
filled valleys, some of which open into intramontane
basins. These mountain valleys contain landforms sim-
ilar to those of the great piedmont slopes.

The piedmont slopes and basin floors are largely com-
prised by a few major landforms—mountain-valley fans,
alluvial fans, fan piedmonts, alluvial flats, and alluvial
plains®—that were largely constructed during early-Pleis-
tocene time or earlier. Since about mid-Pleistocene time,
these particular major landforms have been modified by
recurrent erosion and deposition cycles!! separated by
periods of stability and soil formation. Only parts of
these major landforms were cut away by periodic erosion
or buried by periodic sedimentation during each of the
cycles. Thereby, smaller component landforms, their
landform elements, and their slope components have
been created on these particular major landforms. This
resulted in a mosaic of old, remnantal land surfaces and
relatively young land surfaces that more nearly accord
with individual soils than do these major landforms.
Several other landforms that are also called major land-
forms for various reasons—ballenas, fan skirts, beach
plains, lake plains, and playas—were themselves created
by the cycles of erosion and deposition. They have been
left largely intact by the latest cycles so that they also
accord fairly well with soils.

The bolsons recurrently filled with lakes during the
Pleistocene pluvials (cooler or moister periods associated
with periods of glaciation elsewhere). Beaches and lake
plains are prominent relicts from these lakes. The semi-

8Some bolson floors have been broken by faulting, or they have been
tilted or warped (i.e., in response to bedrock faulting), creating new,
lower base levels and resultant erosion and deposition cycles. But
most seem to have been stable since Pleistocene time. This is the
situation described here.

9The term alluvial plain is used in this bulletin in a very restricted sense
for relict floodplains or fan-deltas of major Pleistocene streams that
crossed or were built onto a basin floor (Hawley, 1980).

19Synonyms that have been used for bajada (also bahada) include:
apron, alluvial apron, mountain apron, fan apron, debris apron,
alluvial plain, compound alluvial fan, piedmont alluvial plain, pied-
mont plain, waste plain, piedmont slope, gravel piedmont, alluvial
bench (A.G.1., 1972).

"Erosion in the bounding mountains or on the piedmont slopes is
accompanied by deposition on the piedmont slopes or basin floor
unless the sediment is carried out of a semi-bolson.





Figure 1. The Basin and Range Province and its Sections in the western United States: Great Basin section of isolat-
ed ranges separated by aggraded desert plains (4); Senoran Desert section of widely separated short ranges in desert
plains (B); Salton Trough section of desert alluvial slopes and delta plain (C); Mexican Highland section of isolated

ranges separated by aggraded desert plains (D); Sacramento section of mature block mountains of gently tilted stra-
ta, block plateaus, and bolsons (E) (after Fenneman, 1928).





bolsons seem to have been subjected to recurrent cycles of
erosion radiating out from their axial drainageways dur-
ing the transition to the dry periods that followed each
pluvial. Erosion on the piedmont slopes and within the
bounding mountains also seem to have occurred in the
bolsons during these transition periods. The relatively
moist pluvial periods are thought to have been periods of
landscape stability, of weathering to produce detritus in
the mountains for later erosion and movement to the
basins (Hunt and Mabey,:1966), and of soil formation.
Some other cycles of erosion and deposition were initiat-
ed by faulting along the mountain fronts (Bull, 1964), and
in some cases, across the piedmont slopes. However,
those erosion-deposition cycles and periods of stability
which have had most extensive regional effects on soil
formation during late-Pleistocene and Holocene time
seem to have been the result of climatic change rather
than tectonic uplift (Hawley, 1980).

Similar patterns of minor landforms were created
along the large desert stream valleys that are fed from
mountain sources and were recurrently incised during the
Pleistocene pluvials. The valleys of the Colorado, Rio
Grande, Humboldt, Truckee, Carson, Walker, Bear,
Jordan, and Seiver rivers are major examples within the
Basin and Range Province. Tributaries to these rivers

that headed in semi-bolsons and similar axial drainage-
ways that emptied into adjacent bolsons cut smaller, but
locally prominent valleys in concert with the larger
streams. Eroding arroyo valleys carried the effects of
periodic incision of the desert stream valleys far beyond
the valley walls onto piedmont slopes in many locations.
The minor valley-border landforms related to these
events have also determined soil patterns (Ruhe, 1967,
Hawley, 1980).

The Basin and Range Province is a desert area, but its
very identifying landforms make it peculiar among the
world’s great deserts. Those other deserts are mostly
characterized by vast plains, flats, and depressions. Many
are extensively blanketed by eolian sand. The high moun-
tains of the Basin and Range Province are relatively well
vegetated. They discharge water into their desert basins
annually and even flood the playas with some regularity
whereas aridity is unrelieved for great distances in most
other great deserts. The pans, flats, depressions, and
deflation basins of those other deserts have only local,
infrequently activated watersheds. Even relict Pleisto-
cene lake features are apparently less common or promi-
nent there than in the bolsons of the Basin and Range
Province (Lustig, 1968).

CLASSIFYING AND NAMING LANDFORMS
OF INTERMONTANE BASINS

Purposes and Categories

This morphogenetic classification of landforms uses
the shapes, genetic relations, and geographic scales of the
topographic forms seen in the field to construct its classes
and categories. The landforms of intermontane basins
are first grouped in two general classes. These are then
successively divided into smaller and genetically more
homogeneous classes in the several categories of this
classification. In order, the categories are (I) major phys-
iographic parts, each of which is made up of several
genetically related (II) major landforms. They in turn
may be comprised of several more genetically related (111)
component landforms. The component landforms are
about the smallest features that one would consider as a
single unit in combined terms of their form, constituent
materials, and genetic history. But some component
landforms, such as fan remnants, have distinctive topo-
graphic parts with quite different geomorphic histories.
A fourth category of (IV) landform elements recognizes
these parts. A fifth category of (V) slope components
allows those landform elements that are erosional sur-
faces to be subdivided into their genetic components
(Tables | and 2).

For soil survey applications, it would be most.conven-
ient if somewhere in the hierarchy, the landform classes
corresponded to individual soils. The very purposes of a
landform classification, however, prevent such classes

being gathered in a single category. Age is the primary
genetic factor that determines coincidence of individual
soilsand landforms. A few of the major landforms and all
of the component landforms (described later) are com-
prised of land surfaces of one age or only a few ages.
Where more than one age of surface occurs on these
landforms, the surfaces of different ages are either land-
form elements or slope components. Thus, physiographic
positions that are specific for most individual soils can be
described. They are not apt to be at the same categorical
level, however.

Some of the even most-specifically designated land-
forms will not coincide with certain soil boundaries be-
cause genetic factors of soil formation, in addition to
those that are attributes of landforms, determine where
some soils occur.

Fan and Remnant Terminology

The terms fan and remnant are used in both specific
and generic senses in this landform nomenclature. The
word fan, in the names mountain-valley fan, alluvial fan,
Sfan piedmont, inset fan, fan apron, and fan skirt, indi-
cates that these landforms have a generic affinity in that
each is (1) a constructional landform, is (2) composed of
crudely sorted and stratified alluvium with or without
debris flow deposits, and (3) occupies a position down-
slope from some higher landform from which its alluvi-





um was derived. These three strong genetic implications
come from the classic concept of the alluvial fan. The
fourth and fifth criteria for the alluvial fan itself is that (4)
it have a fan-like shape in plan view, or a semiconical
form, with (5) its apex at a point source of alluvium.
Obviously, these last criteria do not apply to the related
landforms, but they do share a sixth feature: (6) all occur
on the piedmont slope.

A remnant is defined here as a remaining part of some
landform or geomorphic surface which has been other-
wise either destroyed by erosion or buried under sedi-
ment. Logically, anerosional remnant must be older than
the destructive erosion cycle. Also, it must be older than
any land surface or landform created by that erosion (cf.,
Fig. 8 and 9). A nonburied remnant must also be older
than the sediment that buried part of the original land-
form or surface and older than the constructional surface
built by that depositionatevent (cf., Fig. 10). Recognition
of remnantal land surfaces is the basic tool for establish-
ing relative ages of land surfaces (i.e., geomorphic sur-
faces) and potential boundaries between different age,
and perhaps different kinds of soils.

The word remnant can be combined with various land-
form names to explicitly identify a relatively old element
of a land surface, and to imply the genesis, composition,
and landscape position of the original landform, e.g.,
alluvial-fan remnant, fan-piedmont remnant, fan-apron
remnant, or basin-floor remnant. Some of these very
specific identifications are potentially confusing because
the definition of the original landform may involve its
position relative to remnants of some older landform
upslope or downslope. A fan apron, for example, is
formed by deposition of an alluvial mantle over an older
surface of a fan piedmont (cf., Fig. 10). By definition,
erosional remnants of that older surface must occur up-
slope since the older upslope surface was either part of the
source of the fan-apron alluvium, or the alluvium has
been carried past its remnants in inset channels. A non-
buried, remnantal segment of the older surface mustalso
occur downslope since that distinguishes a fan apron
from a fan skirt. If this fan apron is then prominently
dissected, its remnants may be difficult to distinguish
from the downslope, yet older fan-piedmont remnants by
topographic clues. Furthermore, with respect to the
younger surfaces created by its dissection, the surviving
portions of the fan apron are merely remnants of some
older surface. If clues, such as topographic breaks, soils
on the land surface, or buried soils can be used to identify
and at least imaginatively map the three ages landforms—
or more correctly, geomorphic surfaces—the very specif-
ic “fan-apron remnant” name could then be used in this
example.

In most soil mapping, however, there is neither need

nor time for such detailed landscape analysis. It may be
best to simply call all these possible types of remnants
merely fan remnants. Where several such fan remnants
occur in stepped sequence, they can be identified as rela-
tively young or old fan remnants. Their ages relative to
each other and to recent landforms and their generic
identification as fan forms are more significant than their
exact original landform character.

For soil surveys, identification of landforms as fan or
basin-floor remnants should be strictly limited to rem-
nants that include some identifiable area of relict land
surface. A relatively old fan-piedmont surface area that s
surrounded by, and laterally buried under adjacent fan
aprons (i.e., a nonburied remnant), comprises only a
relict surface. Butan erosional remnant of a dissected fan
which stands above the surrounding, younger surfaces as
a flattish topped ridge, or bench, comprises both a relict-
surface summit and younger, erosional, remnant side-
slopes. The whole elevated landform is seen and thought
of itasa part ofa preexisting landform that was built of a
real depth of some material in addition to being a mere
surface form. Therefore, it is reasonable that the concept
of an erosional-remnant /landform includes the younger
sideslopes cut into the soil and material that formed the
original surface. The only caution, or demand, for soil
survey purposes is that landforms which are identified as
fan or basin-floor remnants must include some relict-sur-
face area.

However, there are distinctive erosional remnants (in
the broader meaning of this word) of alluvial materials
which once formed fans but which no longer include
relict summit areas. A special morphogenetic term is
needed for such remnants. This special situation is found
where older piedmont landforms have been closely dis-
sected, and the shoulders of the eroding sideslopes have
joined and destroyed the relict surface that once formed a
flattish remnant summit. Commonly there will be several
of these round topped ridges paralleling each other or
forming a digitate pattern that mirrors dendritic erosion
(cf., Fig. Sand 6). These narrow, rounded ridges will have
accordant crests that can be used as evidence that a land
surface once existed at about their present elevation, and
had about the configuration of a plane drawn across their
accordant crests. These accordant ridges are called ridge-
line remnants. Their convex crests and straight to con-
cave sideslopes are not remnants of that hypothesized
older land surface. The line in ridgeline emphasizes that
these peculiar ridges include no relict summit area, and
that the ridgelines, by theiraccordance, are the only clues
to something gone. If one views such ridges in the context
of their actual crest and sideslope surfaces, i.e., as land-
forms in their own right, then they are called ballenas,
which are discussed later.





A CLASSIFICATION OF THE LANDFORMS
IN INTERMONTANE BASINS

The internally-drained bolsons are the most distinctive
physiographic feature of the Basin and Range Province.
Since their landforms (Table 1) are quite similar to those
of semi-bolsons, bolsons are used as a paradigm, or mod-
el, for the landforms of intermontane basins. Landforms
of semi-bolsons (Table 2) differ primarily on the basin
floor, and only the differing landforms there are dis-
cussed in detail in a later section.

Piedmont Slope

The first division of intermontane basins into pied-
mont slope and basin floor, shown in Figure 2, separates
two very large areas of sloping versus nearly level land, of
differing alluvial provenance, and of partly erosional
versus dominantly depositional landforms (Table 1). The
bounding mountains are a potential third major physio-
graphic part, but are not treated in this classification. The
general piedmont slope ranges from about 8 to 159%, near
the mountain front, to about 19, where it merges with the
basin floor, but includes short erosional slopes as steep as
30% where it is dissected. A bolson floor slopes toward its
playa at less than about 19, gradient.

Along the piedmont slope, the provenance, or source
area, for the fan alluvium of any short reach is a few
mountain valleys directly upslope since the alluvium is
moved downslope at about right angles to the mountain
front. Fan lithology commonly may be predicted from
the bedrock lithology of the source valleys (Ruhe, 1964).
As the alluvium is moved onto the basin floor and toward
the playa of a bolson, or out of a semi-bolson, much of
the sediment travels parallel to the mountain fronts. Sed-
iments from many ‘mountain valleys are consequently
mixed. If the rock detritus in the mountains includes
resistant gravel and stones, the alluvium of the upper
piedmont slope is stony and coarse textured, the toeslope
alluvium is medium textured and fine gravelly, or non-
gravelly, and the alluvium on the basin floor is fine tex-
tured. Great variations in gravel content can occur on
specific piedmont slopes, however, and gravelly strata
within basin-floor alluvium are not rare.

The piedmont slope is a very gross topographic and
sedimentary division of an intermontane basin. In turn, it
has several large topographic parts, or major landforms.
Mountain-valley fans occur where the alluvial fill of the
piedmont extends on into mountain valleys. Where the
margin of the piedmont slope against the mountain front
consists of an erosion surface cut into bedrock, it is a rock
pediment!?. Where the upper part of the piedmont slope
is built of alluvium spilled out of narrow mountain val-
leys spaced along the mountain front, the slope is com-
prised of alluvialfans. Across the middle piedmont slope,

120ther pediment surfaces cut across unconsolidated sediments also
may occur on the piedmont slope (p. 24). Rock pediments are dis-
cussed on page 14, and pediments in the generic sense on page 36.

the toeslopes of adjacent alluvial fans coalesce laterally to
form the fan piedmont. In almost all basins, the middle
and upper piedmont slopes have been dissected and the
eroded sediment spilled out onto the lower piedmont
slope to form a fan skirt.

Like the piedmont slope, its major parts—the moun-
tain-valley fans, rock pediments, alluvial fans, fan pied-
mont, and fan skirt—are all but the last large topographic
and constructional forms that were largely built by about
mid-Pleistocene time. Since then, all of these major land-
forms, except the relatively young fan skirts, have been
subjected to recurrent erosion and deposition cycles that
have either partially dissected most examples of them
into component landforms (such as fan remnants and
inset fans), or have built component landforms (such as
fan aprons) on their relatively old surfaces. These
younger, subsidiary landforms are components in the
sense that when they are viewed together with surviving
relict areas, they compose the large geographicarea of the
original major landform (cf., Fig. 7). In some intermon-
tane basins, large relict examples of these major land-
forms have not been dissected and present an extensive
relict surface unbroken by younger component land-
forms. In a few basins, small alluvial fans and very nar-
row fan piedmonts that were built by late-Pleistocene or
Holocene deposition have not been dissected and also
lack component landforms. Where dissection of the
piedmont slope was initiated early, or was deep and
closely spaced, one more major landform, the ballena,
has been created from old fan alluvium.

In most basins, the mountain-valley fans and alluvial
fans of the upper piedmont slope are prominently dis-
sected. Ballenas and the oldest fan remnants are apt to
occur there with inset fans between some of them.
Downslope, across the fan piedmont, dissection ordinari-
ly is shallower and the fan remnants broader. Dissection
may be slight and relict fan-piedmont surface extensive.
Alluvium from fanhead trenches, interfan drainageways,
and onfan drainageways (cf., Fig. 7) has spilled out as
discontinuous fan aprons on many fan piedmonts. Allu-
viation within these drainageways has formed more inset
fans. In many basins, some of these drainageways that
cross the fan piedmont, and others that rise on it, have
built a fan skirt where they dumped their sediment along
the lower piedmont slope.

Thus, the piedmont slope can be thought of as com-
prised of several crude geographic zones of major and
component landforms that roughly parallel the mountain
front. These are illustrated in Figure 3. The upper zone
includes mountain-valley fans, rock pediments, ballenas,
and alluvial fans and the component landforms created
from the fans. The fan piedmont and its component
landforms characterize the middle zone. The lowermost
zone is comprised of the fan skirt or may be absent if the
fan piedmont is little dissected and no fan skirt has been
built.
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TABLE 1

CLASSIFICATION OF BOLSON LANDFORMS

I Il
Major
Physiographic Part

Major Landform Component Landform

Landform Element  Slope Component

T

Bounding Mountains . . (not defined) . . .

Piedmont Slope Mountain-Valley Erosional Fan Remnant

Fan

Inset Fan

Rock Pediments Rock-Pediment Remnant

Ballena

Inset Fan

Alluvial Fan Fan Collars

Erosional Fan Remnant

o

Inset Fan

Fan Piedmont Erosional Fan Remnant

Inset Fan -
Fan Apron
Nonburied Fan Remnant
Beach Terrace
Piedmont Slope continued on next page

10

Summit!

Sideslope........... Shoulder
Backslope
Footslope?

Partial Ballena3 ..... Crest
Shoulder
Backslope
Footslope

Channel*

Channel

Summit,or......... Cresto

Sideslope........... Shoulder
Backslope
Footslope

Channel
Crest
Shoulder
Backslope
Footslope

Channel

Channel

Channel

Summit

Sideslope........... Shoulder
Backslope
Footslope

Partial Ballena ...... Crest
Shoulder
Backslope
Footslope

Channel

Channel

Summit

Sideslope. .......... Shoulder
Backslope
Footslope

Partial Ballena ...... Crest
Shoulder
Backslope

Channel

Channel

Channel

Channel





TABLE 1—Continued

Major
Physiographic Part

11

Major Landform

Component Landform

Landform Element

Slope Component

Basin Floor
(Bolson Floor)

Pediment’

Fan Skirt

‘Alluvial Flat

Alluvial Plain

Sand Sheet

Beach Plain

Lake Plain

Playa

Pediment Remnant’

Beach Terrace

Relict Alluvial Flat
Recent Alluvial Flat

Sand Dune
(Parna Dune’)

Offshore Bar
Barrier Bar
Lagoon

Lake-Plain Terrace

Floodplain Playa

Summit

Sideslope........... Shoulder
Backslope
Footslope

Channel

Channel

Channel

Channel

Interdune Flat

Channel

Channel

Channel

I'The summit landform element is synonymous with the summit slope component.

2A footslope alternatively may be called a pediment. The toeslope compenent is not listed because ordinarily it would be part of an inset fan, fanapron,

fan skirt, or alluvial flat.

3The term partial ballena is an alternative name for the portion of a remnant sideslope which forms a spur.
4The channels associated with various landforms may be within or between them or absent.

5Not a common landform.

¢A rock-pediment remnant may have either a summit or a crest.
7Parna dunes are not known to form parna sheets in the Basin and Range Province, but they do in Australia.

11
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Figure 4. A dissected mountain-valley fan in a mountain valley
embayment of the piedmont slope. The dissected fan is comprised

of fan remnants (F) and inset fans (I) between the fan remnants

and down the axial drainageway.
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Mountain-Valley Fan

Mountain-valley fans occur where the alluvial fill of
the piedmont slope extends into wide mountain valleys
and also within intramontane basins. In comparison,
steep-sided mountain canyons and ravines commonly
have been swept clear of rock debris. Their slopes plunge
directly to the stream channel or have only a narrow
colluvial slope separating them from the channel. The
wider mountain valleys and-intramontane basins mostly
have been filled at some past time with alluvium some
tens of feet thick. Alluvium spilled out of gullies of the
valley sideslopes may form small, distinctively conical
alluvial fans, or fanlettes'3, but commonly these minia-
ture fans have coalesced to form an alluvial slope only
transversely undulating that is called a mountain-valley
fan (Table 1). The coalescent fans from either side of the
valley meet along the axial stream channel if it has not
been incised.

However, most mountain-valley fans have been dis-
sected by erosion cycles that have also affected the lower
piedmont slope. As shown in Figure 4, fan remnants'4 or
ridgeline remnants(i.e., ballenas'%) separated by channels
of ephemeral streams or by inset fans'® remain. There
may be stepped sequences of remnants of the original fan
surface and inset-fan remnants or erosion may have re-
duced all remnants in the valley to ballenas.

Rock Pediment

Rock pediments, or erosion surfaces of low relief that
have been cut across bedrock, occur along the flanks of
some mountain fronts as major landforms of the upper-
most segment of the piedmont slope. Some rock pedi-
ments grade to, and their alluvial veneer merges down-
slope with the alluvial piedmont slope. The alluvial
veneer over the cut-rock surface is called pedisediment
and seems to be an integral feature of pediments, but their
entire genesis is controversial (cf., Cooke and Warren,
1973, pp. 188-215; Ruhe, 1975, pp. 125-148). Other rock
pediments in some semi-bolsons grade far toward the
axial stream. These may be cut in weakly consolidated,
very old basin-fill alluvium!? (Royse and Barsch, 1971).
Very short rock-pediment notches are found in some

13The diminutive fanletze is introduced to have a term for small alluvial
fans, less than a few tenths of a square mile in area, that have been
built recently or have been preserved from dissection. Fanlettes dis-
play classic semiconical form and occur below major drainageways,
such as valley-wall gullies, arroyos, or onfan drainageways where
sediment is deposited within a valley or at the base of some large
landform like a mountain-front alluvial fan. The large alluvial fans of
the upper piedmont slope almost always have been dissected into
component landforms, whereas fanlettes are nearly entire, though
some are late-Pleistocene relicts.

“Fan remnants are erosional component landforms of mountain-valley
fans, as well as of alluvial fans and fan piedmonts. They are discussed
on pages 6-7 and 18.

15Ballenas are major landforms even though erosionally derived from
mountain-valley fans. See pages 14-16 for a detailed discussion of
them.

'*Inset fans are component landforms of mountain-valley fans as well as
of alluvial fans and fan piedmonts. For a detailed discussion of thgm
see page 20.

"The concept of a pediment originally was defined for an erosional
surface cut into bedrock. Ruhe’s (1975) generic use of the term
pediment for the footslope component of all erosional slopes—
whether they are cut into bedrock or into unconsolidated sediments—
is followed here. See page 36 for further discussion.

mountain valleys and along some mountain fronts as a
narrow border between the mountain slope and alluvial
fill downslope. Rock pediments ordinarily cannot be
identified unless the cut-rock surface has been stripped of
pedisediment or it is so thin that the rock surface crops
out occasionally or is exposed in gullies. If the pedisedi-
ment is thicker than about five feet, there is serious ques-
tion of the significance of rock pediments for soil surveys
or if soils associated with them can be mapped.

Rock-Pediment Remnants

Most rock pediments have been dissected into rem-
nants separated by wash channels. Their crests or sum-
mits and sideslopes do not have the consistent genetic
implications for soil mapping that elements of fan rem-
nants have. Rock-pediment remnants with narrow
rounded crests are ridgeline remnants (but not ballenas)
with possibly widely-varying ages of surfaces and soils.
Remnants with flattish summits may be capped with
pedisediment, but the pedisediment surface need bear
little age relation to the cut-rock surface below it. Rather,
itisaptto be related to a relict surface of downslope fans.
That i1s where correlations between soils and landform
ages should be made.

Recognition of rock pediments helps understanding
landscape evolution, but they are not extensive enough to
be more than locally important for soil mapping in most
places other than the Sonoran and Mojave deserts of
Arizona and California. Even there, alluvial fans are
more apt than rock pediments to abut the mountain
fronts and form the uppermost piedmont slope.

Ballena

Ballenas!8 are ridgeline remnants of fan alluvium that
are distinctively round topped. Their erosional shoulders
have met from either side to form the broadly and con-
tinuously rounded type of crest illustrated in Figure S.
The shoulders join backslopes that are broadly concave
and have little or no straight portion (cf., Fig. 15-C). In
ideal examples, the concave footslopes of adjacent bal-
lenas join along an ephemeral wash channel in a notably
concave fluve. Ballenas occur along some mountain
fronts as groups of numerous semiparallel ridges that
reflect incision of parallel drainageways (Fig. 6). They
also occur on alluvial fans as isolated small groups of
digitate spurs spreading from a trunk ridge (Fig. S, left
side). These reflect incision of dendritic drainageways
into an ancient fan surface that has been obliterated. The
narrow drainageways between individual ballenas con-
verge downslope where they may be occupied by relative-
ly wide, transversely flattish alluvial fills called inset
fans'. Broad, deeply incised drainageways, or fanhead

'*The word ballena (pronounced by-een-a) is Spanish for whale. 1t also
is the name of a village in eastern San Diego County, California, that
is near several large, whaleback-shaped ridges that are cut from
deeply weathered Eocene alluvium. This obvious metaphore used by
those early villagers seemed appropriate for similar landforms of the
Basin and Range Province (Summerfield and Peterson, 1971, p. 6,
22). The name “whaleback " also has been used colloquially for these
landforms, but since it has been used previously for large desert sand

ridges, bedrock residual hills of the tropics, and roche moutonnées
(A.G.1,, 1972, p. 792) it is not an appropriate neologism.

9Inset fans between ballenas compose part of the combined area of the
two landforms, and in this sense are component landforms, but they
are not the result of ballena dissection and subsequent partial aggra-
dation, as they are of major fan landforms. Inset fans are described on
page 20.
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trenches, issuing from mountain valleys and passing
through areas of ballenas also may contain inset fans.

Ballenas range from narrow ridges about 15 feet high
to broad ridges rising 100 or more feet above their flank-
ing drainageways. The high relief ballenas commonly
have straight backslopes that drop directly to the drain-
age channels, or to inset fans. The straight slope seems to
reflect rejuvenated erosion in the fluve since this variety
of ballena backslope is found above dissected fan pied-
monts with stepped erosionremnants suggesting recur-
rent erosion cycles. Low-relief ballenas commonly lack a
prominent, concave backslope. Their shoulders reach
almost to the fluve bottoms instead.

Most ballenas occur on the upper piedmont slope
where dissection is oldest. Within some intramontane
basins and mountain valleys, former mountain-valley
fans have been completely reduced to ballenas. Numer-
ous semiparallel ballenas .occur along considerable
reaches of some mountain fronts. They may be high
enough to suggest the appellation of “foothills”™. They
also are apt to terminate downslope in a line that reflects
an alluvial fault (Fig. 6). Just as commonly, digitate
ballenas occur as small groups on or between large allu-
vial fans2? (Fig. 5). Ballenas may also occur on the lower
piedmont slopes of semi-bolsons or along a desert stream
valley where arroyos radiating out from the axial stream
have strongly dissected the piedmont. These ballenas are
apt to be much younger than those of the upper piedmont
slope.

When compared to the huge alluvial fans at the moun-
tain front and to fan piedmonts, ballenas are relatively
small major landforms. Where they occur on these other
major landforms, they might be thought of as a compo-
nent landform. But, a ballena is a unitary landform where-
as the former two major landforms are almost always
comprised of smaller component landforms. Ballenas
represent a distinctive late stage of piedmont dissection.
They have such distinctive soil patterns and geomorphic
history that they are classified in the major landform
category. i

Soil Occurrence on Ballenas

Ballenas have a special meaning for soil occurrence.
They commonly have the same kind of, or very similar
soils on their crest, over their shoulders, down across
their concave backslopes and footslopes, and sometimes
even through a concave fluve and up onto an adjacent
ballena2!. This apparently reflects a situation where a/l of
the ballena surface has been periodically modified by
erosion, then all of it stabilized during intervening soil
forming periods (cf., Gile and Grossman, 1979, pp. 618-
621,752; Ruhe, 1969, p. 129). Ballenas are fan remnants,
but only in the sense that their alluvial core is a fan
deposit and that their accordant crests roughly indicate
where the vanished fan surface was, i.e., they are ridgeline
remnants. The joining of the shoulders has obliterated or
truncated the soil that once occurred on the relict surface
of a remnant summit.

2Some old broad alluvial fans at mountain fronts have been almost
completely reduced to low and wide ballenas by incision of dendriti¢
onfandrainageways. When these fans are seen from the basin floorin
low-sunangle light, the ballenas resemble a pattern of tightly fitted,
gently rounded pillows.

2iLloyd Rooke and Harry B. Summerfield, Soil Scientists, first force-
fully brought my attention to the soils of old ballenas in Nevada.

The ballenas occurring in large groups on the upper
piedmont slope, or in small groups on alluvial fans and
interspersed with alluvial-fan remnants, apparently
achieved their form and had their surfaces stabilized
during the Pleistocene since their soils are known to be
Pleistocene relicts (Gile and Grossman, 1979; Mock,
1972). These soils either have clayey argillic horizons,
indurated duripans, or petrocalcic horizons. They com-
monly cover the entire ballena unless its lower sideslopes
have been recently rejuvenated by erosion. This corre-
spondence of soil and landform has been seen frequently
enough in Nevada to suggest it as a working hypothesis
for soil mapping throughout the Basin and Range
Province.

Ballenas, or more commonly, partial ballenas??, found
along the lower margin of dissected fan piedmonts, or
among valley-border landforms where they have been
modified by Holocene erosion, are apt to have Entisols
(soils without diagnostic pedogenic horizons) across their
surface, or Entisols on their sideslopes and a truncated
remnant of a Pleistocene soil along their crest (cf., Gile,
Grossman, and Hawley, 1969; Gile, 1975; Gile and
Grossman, 1979, pp. 303-316). Their sideslopes have not
been stable long enough for pedogenic soils to form to a
degree that masks occurrence of any truncated relict soil
that might persist along the crest.

The soils in the flanking washes or on inset fans be-
tween ballenas are apt to be different from those on the
ballena since these deposits are ordinarily significantly
younger than the ballena surface. The raw alluvium in the
washes that head between ballenas demonstrates that
there is some erosion from the ballena surface. This sug-
gests that some slight soil truncation by sheet erosion
may be a periodic or continuous process. The effective
uniformity of soil cover on old ballenas suggests that any
such process would minimally affect the entire rounded
ballena surface.

Shoulder-Rounding as a Clue to Soils

Where relict Pleistocene soils with clayey argillic ho-
rizons, indurated duripans, or petrocalcic horizons occur
on erosional fan remnants as the flattish summit, the
shoulders of the remnant are apt to have a broad round-
ing similar to a ballena slope. Angular shoulders are most
common on fan remnants of young, recently dissected
fans or where lateral stream migration has undercut and
rejuvenated the sideslopes. They are also common where
a thick petrocalcic horizon has acted as a cliff-formerand
preserved the angular shoulder?? above a straight back-
slope. These relations are seen frequently enough, at least
in Nevada, that a hypothesis can be proposed for soil
mapping: Where fan remnants of the middle and upper
piedmont slope have broadly rounded shoulders, the soil
on their summits should be old and have strongly differ-
entiated horizons.

Alluvial Fan

Semiconical alluvial fans debouching from canyons
and valleys form the uppermost piedmont slope along

22Partial ballenas are fully rounded spurs attached to erosional fan
remnants, and are landform elements of them. They are discussed on
page 20 and illustrated in Figure 9.

BEven indurated duripans seldom preserve angular fan remnant
shoulders.
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most mountain fronts, as shown in Figure 7, rather than
ballenas or pediments. Fans below small mountain
drainage basins may be less than a square mile in area,
but those that visually characterize the upper piedmont
range from several square miles in area up to huge fans
exceeding 40 square miles area and hundreds of feet
thickness?*. Except for the smaller, younger fans, the
alluvial fans along the mountain front have almost all
been deeply cut by prominent fanhead trenches issuing
from the mountain valleys and closely dissected by onfan
drainageways (Fig. 7). These major landforms should be
thought of as only gross topographic and alluvial forms
in the context of describing soil occurrence since their soil
patterns are related to their component landforms creat-
ed by erosion and deposition.

An alluvial fan, sensu stricto, is a semiconical deposit
of variously sorted and stratified alluvium, with or with-
out included debris flow deposits, which is planimetrical-
ly fan shaped and has its apex where a constricted valley
debouches from a highland into a relatively broad low-
land. Since an alluvial fan has a single source for its
alluvium, its lithology directly reflects its provenance in
the bedrock of its source drainage basin. Many fans are
coarsest textured on their upper, or proximalslopes, and
finest textured on their toeslopes, or distal parts, but the
bedrock provenance is the major control of texture.
Granitic provenances are apt to form fine-gravelly or
coarse-sandy fans. Volcanic provenances are apt to form
angular-stoney and very-gravelly fans. Provenances of
sedimentary rocks rich in limestone result in fans that are
stoney and gravelly toward their apices, grading to loamy
textures far down the piedmont slope. The alluvial strata
that form alluvial fans and fan piedmonts ordinarly are
most gravelly at their base. They grade to loamy and less
gravelly at their top, presumably reflecting sedimentation
processes. However, eolian dust infiltration and pedo-
genic weathering may as commonly account for the
loamy upper parts of surficial strata.

The great alluvial fans along the mountain fronts
merge laterally to form a coalescent-alluvial-fan pied-
mont, or fan piedmont. Whereas the contours of the
alluvial fans are prominently convex away from the fan
apices, and concentric downstope, the contours straight-
en on the fan piedmont and nearly parallel the mountain
front. Where particularly large alluvial fans abut laterally
on each other, they form roughly triangular interfan
valleys (Hawley, 1980). Drainagewaysfrom the fans, and
from small mountain canyons between the large fan
apices join to form a trunk interfan-valley drainageway
down the valley and out onto the fan piedmont. It is one
of the three major drainage systems of the piedmont slope
(Fig. 7). Small, subsidiary alluvial fans, or fanlettes!3,
may occur below the interfan-valley tributaries and with-
in the interfan valley. The trunk drainageway is ordinari-
ly occupied by an inset fan or it may be trenched.

4The wide range of sizes of alluvial fans is a good illustration of the
completely expansible scale of most traditional landform concepts.
When a landform name is used for a large land area, it usually
identifies only the gross topographic form and geologic material. The
areaisapt to comprise several smaller component landforms at more
nearly the scale of individual soil occurrence. Some terms, such as
piedmont slope, or mountain, or intermontane basin, automatically
imply large land areas with numerous major landforms and their yet
smaller component landforms.

The second drainage system of fanhead trenches cross
the alluvial fans from their origin in the mountain valleys
and join the interfan-valley drainageways. They may also
spill out onto the fan piedmont or may even reach the
basin floor. The third major system of onfan drainage-
ways originate as dendritic drainageways on alluvial fans
or on the fan piedmont. All three major piedmont drain-
age systems reflect the periodic dissection and deposition
cycles?> that have so strongly modified the alluvial fans
and fan piedmonts that their boundaries bear little rela-
tion to the occurrence of individual soils.

Fan Collar

Minor Holocene erosional events on a few mountain
scarps and in some small mountain valleys have pro-
duced sediment that was carried barely beyond the pied-
mont angle to form thin small alluvial fans or a narrow
band of coalescent thin fans on top of larger olderalluvial
fans in some special situations (cf., Hunt and Mabey,
1966, p. A97; Gile and Grossman, 1979, pp. 477-480, 723,
730, map unit 13MO). Such thin alluvial mantles are
called fan collars here because they occur on and at the
very top of a large alluvial fans or fan piedmonts where
the latter abut a mountain front. The fan-collaralluvium
buries an older fan surface which reappears a short dis-
tance downslope in the fashion the metaphorical collar
coversa shirt. Fancollarsare rare component landforms
since Holocene alluvium washed from mountain slopes
normally is carried across the large alluvial fans in fan-
head trenches. The alluvium in the trench may be depos-
ited as an inset fan or spilled out further downslope as a
fan apron. A fancollaris a special case of afan apron that
occurs at the top of an alluvial fan rather than on the fan
piedmont.

Erosional Fan Remnant

Most alluvial fans have been dissected (Fig. 7), leaving
erosional fan remnants as component landforms stand-
ing above wash channels or inset fans. As discussed pre-
viously, it is the relict surface of the remnant summit and
the remnant sideslopes that are particularly significant
for soil survey because of their different ages, slopes, and
probably, soils. Erosional fan remnants may occur in
stepped sequences, with the highest remnant having the
oldest relict summit and soil, as shown in Figure 8. Their
sideslopes normally have younger and different soils.

25Periodic dissection of Pleistocene land surfaces and creation of new
surfaces have been attributed to both tectonic uplifts and climatic
changes. One scenario of fan building in the Basin and Range Prov-
ince, that seems to fit soil genesis, was proposed by Huntington
(1907) after field studies in central Asia: It holds that during moister
pluvials vegetation stabilized the mountainous source areas {(and the
fans) and allowed storage of rock waste produced by concurrently
increased weathering. During transitions to ensuing drier periods, the
vegetation thinned and the rock debris that had been made available
was eroded from the mountains and transported to lowlands where
the heavily loaded streams deposited it as fans and stream flood-
plains. As the supply of rock waste from the mountains declined, or
an ensuing moister period increased protective vegetation, the stream
loads declined. This led to dissection of previously deposited
alluvium.

Another theory calls for an equilibrium between coarse mountain
waste deposited on the piedmont slope, and loss of weathered, com-
minuted alluvium from the older fan surfaces via onfan drainage
systems (cf., Hunt and Mabey, 1966; Denny, 1967; Bull, 1964). This
latter theory deemphasizes the prominent field evidence of periodic,
wholesale erosion or deposition in localized areas while other local
areas enjoy long-term stability.
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Fan-Remnant Summit—The summit landform element
of erosional fan remnants may occupy somewhat less
area than the sideslope element where dissection is close
and remnants small. They may also be much more exten-
sive than the sideslopes where dissection is widely spaced
(cf., Fig. 8 and 15). Summits are relict areas in that they
have been little affected by erosion since fan dissection.
Shallow onfan drainage systems eventually develop on
summit areas but soil truncation is so slow that the sum-
mit soils ordinarily remain effectively older and different
than the sideslope soils. Some fan remnants with broadly
rounded shoulders have had their sideslopes stabilized so
long ago that the summit and sideslope age differential
has become unimportant. In these situations, very similar
and strongly horizonated soils can occur on both land-
form elements, i.e., they approach the condition of old
ballenas.

Summit areas are protected from alluvium deposition
because the drainage systems that might spread the allu-
vium are incised. Summits can accumulate eolian dust
(loess) and have in miost desert areas. There is some
evidence that, in Nevada, shallow erosion in small spots
connected to onfan drainage systems has partially
stripped eolian mantles and truncated the A horizon of
some summit soils (Alexander and Peterson, 1974, p. 16,
Fig. 4), but not enough to change the soil’s identification.
The area of summit landform elements is primarily re-
duced by the sideslopes wearing back.

Fan-Remnant Sideslopes—The sideslopes of erosional
fan remnants (Fig. 8) are identified as a separate land-
form element because they are apt to be significantly
younger than the summit, to have different soils, to have
much steeper slopes, and because they are liable to be
recently eroded. The sideslopes of most erosional fan
remnants on the piedmont slopes form digitate margins
along irregular spurs that branch off a main trunk. The
spurs reflect gullying into the sides of the remnants. They
in turn may be cut by rills and gullies. The entire sideslope
margin of some remnants is rilled, eroding, and reducing
the summit as it wears back. But more commonly, active
erosion is limited to a few sideslope segments along the
remnant margin. Other segments have been stable long
enough to have pedogenic soils. As noted above, some
remnants with broadly rounded shoulders have similar,
stable, pedogenic soils on both summit and sideslope.
The sideslope is part of an erosion surface that has dis-
tinctive morphogenetic-parts called slope components.

Slope Components— A fan-remnant sideslope has shoul-
der and backslope components, and may have a foot-
slope component (cf., Fig. 15). When actively eroding,
the shoulder and backslope wear back into the remnant.
The backslope is concave in its lower part and may or
may not have a straight upper part. In a few situations of
shallow or recent dissection, the convex shoulders may
reach nearly to the flanking channel with only a short,
straight backslope between them (Fig. 8-1). As the
shoulder and backslope wear back into a fan remnant, a
gentle, slighty concave footslope, or pediment, forms

between the base of the backslope and the channel (Fig. *

8-2) and has sediment transported across it. In this situa-
tion, the shoulder, backslope, and footslope surfaces(i.e.,
drainageway bottom) are effectively the same age. If the
remnant sideslopes stabilize, and the drainageway then

alluviates, or back-fills with sediment from higher
reaches, an inset fan is formed in the drainageway and its
surface is younger than the sideslope. The footslope is
now buried (Fig. 8-3). Or, segments of the sideslope may
continue eroding and contributing sediment to the inset
fan as it is desposited. Consequently, both these surfaces
would be the same age. Erosional slopes are discussed
further on p. 36 et seq. There the term pediment is ex-
plained as an alternative name for the footslope compo-
nent and anadditional component, the toeslope, is identi-
fied. Toeslopes are lower portions of footslopes that have
accumulated a significant alluvial mantle. On the pied-
mont slope, such toeslopes would be part of an inset fan,
fan apron, or fan skirt, and therefore are not identified.

Partial Ballena—Where the sideslopes of a spur attached
to afan remnant, such as those shown in Figures 8§ and 9,
have retreated until their shoulders have joined in a nar-
row crest, the spur is called a partial ballena. This land-
form element differs froman ordinary ballena in that it is
attached to a fan remnant with an older summit area of
relict surface. Also, the soil of the partial ballena is apt to
be contrasting to the summit soil, whereas the soils of
ballena sideslopes and crests are apt to be like or similar.
Partial ballenas are most common where a fan has been
deeply or closely dissected as along major drainageways
or on the lower parts of a dissected fan piedmont in a
semi-bolson. The term partial ballena is an alternative
name for a particular part, or form of a fan-remnant
sideslope.

Channels—Channel landform elements are ordinarily
barren and composed of variously sorted stream alluvi-
um, bars, and dumps of stones or cobbles that are evi-
dence of recent flooding along well defined to braided
streams. They may be enclosed between walls, as when
related to fan dissection, or may be splayed across and
slightly mounded above a fan surface as when related to
fan apron construction. Channels are classed as landform
elements, but they may or may not occur on or next to the
landforms for which they are listed in Tables | and 2.
Also they may or may not be geneticlaly related to those
landforms.

Inset Fan

Aninset fanisaspecial case of a floodplain—common-
ly, of an ephemeral stream?¢ floodplain—that is confined
between fan remnants, or basin-floor remnants, or balle-
nas, or the very closely spaced toeslopes of two alluvial
fans (as in an interfan valley) or fan piedmonts sloping
together from opposite sides of a narrow basin (Fig. 4, 5,
10, 12). It has a transversely nearly level surface broad
enough that barren channels cover only a minor part of
its surface. The remainder is ordinarily vegetated. Its
transversely level surface indicates that it is an aggrada-
tional, or constructional landform (Fig. 8-3). A similarly
broad drainageway incised below fan remnants, but not
aggraded, would be expected to have a cross section
showing a transversely gently sloping bottom (i.c., pedi-
ments leading down from the fan-remnant backslopes to

2 An ephemeral stream flows briefly in direct response to local precipi-
tationand is well above the water table. An intermitient stream flows
seasonally from surface [low or springs. A perennial stream flows
throughout the year and its surface is apt to be somewhat lower than
the water table in the adjoining alluvium.
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the fluve channel, Fig. 8-2). Aninset fan may be the same
age, or younger, or somewhat older than its bounding
remnant sideslopes. However, it is younger than any
relict-fan surface above it and is most commonly younger
than any bounding ballena slopes(cf., Ruhe, 1967, p. 25).

These alluvial fills have not been called floodplains for
several reasons: Downslope they commonly debouch to
form coeval fan aprons or fan skirts. The boundary be-
tween the inset fan and fan apron or fan skirt is merely the
terminus of the walls bounding the inset fan and similar
names seem preferable. The inset-fan alluvium ordinarily
is indistinguishable in kind from that of a contiguous fan
apron or fan skirt, or even from that of the bounding fan
remnants. The generic term fan in all these landform
names suggests their similar alluvium and genesis. And
last, where an inset fan is trenched, its flattish topped
remnants seem most reasonably grouped with alluvial-
fan remnants, fan-piedmont remnants, fan-apron rem-
nants, and fan-skirt remnants as parts of stepped se-
quences of fan remnants in general that occur on the
piedmont slope (Fig. 8-4). Alternatively, if the inset fan
were called a floodplain, its erosional remnants would
have to be called “stream terraces” or “alluvial benches,”
though only difficultly distinguishable from other fan
remnants.

Most inset fans of desert basins seem to have been built
by ephemeral streams. Their alluvium is apt to be only
crudely sorted and cut by gully fills, though in some
basins it may be loamy material contrasting with the
extremely gravelly bounding fan remnants. In mountain
valleys and on the upper piedmont slope, intermittent or
perennial streams may flow in narrow valleys containing
inset fans; discontinuous wet meadows and phreatophyt-
ic vegetation may occupy these mesic inset fans.

Inset fans are probably most extensive on dissected fan
piedmonts, but they also are significant component land-
forms within dissected alluvial fans and mountain-valley
fans, and between ballenas and basin-floor remnants.
Their distinctive topographic position and soils make
them easily recognizedfeatures for finding soils and land-
forms in the field and for describing soil associations.

Fan Piedmont

The largest and most extensive major landform of the
piedmont slope is the fan piedmont (Fig. 3). This name is
a contraction of the similar terms coalescent-alluvial-fan
piedmont and alluvial-fan piedmont. Both imply that the
fan piedmont is the joined lower slopes of adjacent moun-
tain-front alluvial fans??. It is that, of course, but only in
gross topographic and genetic senses. Aerial photos of
most fan piedmonts show they are comprised of numer-
ous, triangular or elongated-diamond-shaped alluvial
mantles and fan remnants. The alluvial mantles issue
individually from fanhead trenches, interfan-valley drain-
ageways, and onfan drainageways rather than being mere
undifferentiated extensions of alluvial fans. (Such com-
plex fan piedmonts are also called segmented alluvial
fans, cf., Cooke and Warren, 1973, p. 181 et seq.). In the
classification given here, the different age mantles and
remnants that compose the area of the fan piedmont are’
called component landforms and include erosional fan

27Additional synonyms for fan piedmont that have been used include
alluvial fan, segmented alluvial fan, fan, bajada, piedmont slope, and
simply, piedmont.

remnants, nonburied fan remnants, fan aprons, and inset
fans. Most writers describe the fan piedmont as extend-
ing from the prominently semiconical alluvial fans down
to the basin floor. For soil survey, however, this ignores
the significantly younger and smoother fan skirt that
occurs along the lowermost piedmont slope in many
basins. The fan skirt is recognized here as an additional
major landform. The fan piedmont is considered to end
at the fan skirt, if there is one, or to extend to the basin
floor if there is not one.

The provenance of alluvium along any reach of a fan
piedmont is the alluvial fans immediately upslope and
one or only a few mountain valleys. Therefore, the lithol-
ogy of the fan piedmont directly reflects bedrock geology
in the mountains. Fan piedmonts are built of sheet-like
alluvial mantles that are only a few feet thick. Where the
source materials were of mixed particle sizes, the strata
forming the mantles tend to be very gravelly at their base
and become finer upwards, grading to low-gravel loamy
materials. Some late-Pleistocene alluvial mantles, how-
ever, seem to have been extremely gravelly or fragmental
throughout. Their present soil zone has been made
somewhat loamy largely by dust infiltration. The alluvial
strata also may contain paleosols (buried pedogenic soils)
that represent periods of stability of the land surface
between periods of active deposition.

Fan piedmont construction can be pictured as deposi-
tion of such successive, overlapping, or imbricated, allu-
vial mantles during the Pleistocene and Holocene
epochs?8. During any one deposition interval, the indi-
vidual thin alluvial mantles are emplaced along broad
swales on the piedmont slope. Along the central part of
these broad drainageways, active arroyo cutting and fill-
ing is reflected by channel zones, some tens or hundreds
of feet wide, where the basal alluvium is most gravelly
and best stratified. Upwards, it fines and is only weakly
stratified. The mantle extends laterally for up to thou-
sands of feet as a few-feet thick, fairly uniform deposit
like that in the upper part of the channel-zone deposit.
The mantle rests on the only slightly eroded, preexisting
fan surface. As each sheet-like mantle fillsa broad swale,
the locus for succeeding mantles is shifted laterally across
the fan piedmont (Hawley, 1980). Today’s fan aprons
represent only the latest interval of such deposition on the
fan piedmont due toerosion somewhere upslope. Each of
the contiguous or imbricated mantles deposited during
the Pleistocene is a different age, but collectively the
portions of the fan surface they form are all so old?® that
their soils have relict features reflecting past Pleistocene
climates. Therefore they are collectively called relict fan
surfaces.

These relict fan surfaces ordinarily occur as the sum-
mits of erosional fan remnants or as nonburied remnants
between Holocene fan aprons. A few intermontane ba-
sins, however, contain very large remarkably preserved
areas of Pleistocene fan piedmonts. Such relict surfaces
may extend over hundreds of acres, are cut by few drain-
ageways, and approximate the width of the fan pied-
mont. Reference to them as a single landform is most
descriptive of the situation where their soils occur. Thus,

2¥Hawley (1980) estimates the duration of the Holocene epoch as from
the present back to 10,000 yr B.P., late-Pleistocene from 10,000 to
250,000 yr B.P., mid-Pleistocene from 250,000 to 900,000 yr B.P., and
early-Pleistocene from 900,000 to 2,000,000 yr B.P.
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phrasing such as “these soils are on a slightly dissected,
relict fan piedmont”™ draws attention to the preservation
of a large, smooth, relict area, whereas a statement “the
soils are on fan remnants” suggests smaller component
landforms bounded by erosional scarps or fan aprons.

Erosional Fan Remnant

The same features described for erosional remnants of
alluvial fans (cf., p. 18 et seq.) and for fan remnants in
general (cf., p. 6 et seq.) apply to those of fan piedmonts.
They have the same summit, sideslope, and partial balle-
na landform elements, and the crest, shoulder, backslope,
and footslope components also are identified.

One new factor in remnant identification does appear
on fan piedmonts: both erosional and nonburied fan
remnants occur and not all can be identified or mapped
with mutual exclusivity. A fan remnant may be scarped
by erosion on one side and buried by a young fan apron
on the other side. It has features of both types of rem-
nants, and must be identified simply as a “fan remnant.”

Inset Fan

The inset fans of fan piedmonts have the same features
as those elsewhere on the piedmont slope (cf., p. 20 et
seq.). They may originate in mountain valleys, on alluvial
fans, or on the fan piedmont itself. Those originating
upslope may debouch to form fanaprons or cross the fan
piedmont and debouch as fan skirts. Inset fans rising on
the fan piedmont may debouch as fan aprons or as a fan
skirt below the fan piedmont.

Fan Apron

This component landform is a sheet-like mantle of
relatively young alluvium comprised of a single stratum,
or only a few poorly differentiated strata, which some-
where rests on top of a paleosol that can be traced to the
edge of the mantle. There the paleosol emerges as the
land-surface soil. The critical features of fan aprons are
diagrammed in Figure 10. There can be no paleosols
within the fan-apron mantle, but a pedogenic soil com-
monly does occur at its surface, though one need not
occur (i.e., the “soil " isan Entisol). Therefore afanapron
represents a geomorphically significant depositional
event that has created a new ggomorphic surface. Beyond
the edges of the fan apron, the preexisting land surface
and soil are a relict surface and relict soil on a nonburied
fan remnant.

Fan aprons are deposited below gullies or below inset
fansasa continuation of their alluvialfill. Therefore they
are genetically related to the erosion event that cut or
extended the gully system, or that aggraded the trench in
which the inset fan was deposited. The gullies may be cut
into the fan piedmont or into alluvial fans upslope. The
inset fans may originate on the fan piedmont, on alluvial
fans, or within mountain valleys. A fan apron may be
deposited in front of a single gully or inset fan, or it may
be a coalescent mantle from several drainageways (cf.,
Ruhe, 1964, p. 149; 1967, p. 25).

A relict fan-piedmont surface or closely spaced ero-
sional remnants of that surface must occur downslope
from a fan apron. This requirement distinguishes fan<
aprons as a component of the fan piedmont, and allows
separation of the very similar fan skirt as a distinct major
landform (cf., Fig. 10, 12). Where remnants of the older
fan piedmont occur downslope only as closely spaced

erosional remnants, the alluvium of the fan apron may
extend between them as inset fans and coalesce as it
reappears to form a fan skirt. Where the erosional rem-
nants are widely spaced, and the relatively young alluvial
mantle continues ondown to the basin floor asa laterally
extensive area, the entire deposit is most simply called a
“fan skirt with a few included fan-piedmont remnants.”
Like the erosional and nonburied fan remnants, all ex-
amples of fan aprons and fan skirts cannot be mapped
with mutual exclusivity.

Fan aprons have a variety of planimetric outlines.
Those formed by coalescence of alluvium from many
sources are relatively wide, parallel to the mountain
front, and short down the piedmont slope. These best fit
the metaphor of an apron that covers part of the fan
piedmont, but does not reach to the basin floor. Many
others, perhaps most, follow a broad swale and are elon-
gated down the piedmont slope. Though fan aprons are
listed as a component of the fan piedmont, a few also
occur on alluvial fans.

Nonburied Fan Remnant

Nonburied fan remnants are Pleistocene fan surfaces
bounded by younger fan aprons, as described above and
diagrammed in Figure 10. These remnants lack the ero-
sional scarps of erosional fan remnants, but as described
above, one type of remnant may merge with the other in
some situations (cf., Fig. 10). Since the most important
feature of both types of remnants is their relict fan sur-
face, they ordinarily are called merely fan remnants (cf.,
p. 6 et seq.). Nonburied fan remnants may be an extensive
component landform on slightly dissected fan pied-
piedmonts, or may be absent from closely dissected ones.
They are distinguished from erosional remnants primari-
ly to help establish the stratigraphy of the fan aprons and
to rationalize the soil patterns associated with fan aprons.

Beach Terrace

Beach terraces are narrow, long component landforms
cut into fan piedmonts and fan skirts by the waves of
Pleistocene lakes during still stands. They consist of an
upper, fairly steep, wave-cut scarp, and a flattish, wave-
built terrace of sorted, clean gravel and sand above a
gentle lower scarp. The upper scarp may be lacking on
gentle fan slopes. Successive beach terraces are separated
by remnantal fan slopes. The upper foot or so of beach
gravel ordinarily is infiltrated with eolian dust, or the
beach terrace and remnantal fan slope between terraces
may be mantled with eolian material. Beach terraces are
younger than the constructional fan surfaces they are cut
into. In places, old beach terraces may be dissected or
buried under the younger alluvium of a fan apron. On
some piedmont slopes, receding lakes cut numerous
beach terraces, whereas only one or a few occur on oth-
ers. Unless the basin has been tectonically deformed, the
terraces follow a contour. They may be absent from
reaches along the piedmont slope where little wave action
occurred.

Pediment

(On Unconsolidated Alluvium)
A pediment is the gentle slope left at the base of a steep
backslope as the backslope is cut farther and farther into
a highland mass or fan remnant by erosion. The general
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term pediment is a synonym for the footslope component prised of shoulder, backslope, and footslope slope com-

of an erosional sideslope and includes footslopes cut ponents. If wide enough, the footslope may be called the
from either unconsolidated alluvium or bedrock!”. But next younger pediment. When the shoulders of a pedi-
here the latter are specifically identified as rock pediment ment remnant meet by sideslope-backwearing, and the
and listed in Tables | and 2 as a separate major landform summit is reduced to a crest, the remnant is called a
of the piedmont slope. Therefore, when the lone term ballena. It is not always necessary to distinguish all pedi-
pediment is used in the context of piedmont slope land- ment remnants from fan remnants for soil mapping, since
forms, it implies that the pediment has been cut from both are formed of fan alluvium. Also, in stepped se-
unconsolidated alluvium. The term pediment (major quences, the same rule holds for both that the highest
landform) is used, rather than footslope (slope compo- remnants have the oldest relict summits and soils.

nent) only when this erosional landform is an extensive

enough part of a dissected fan piedmont that it no longer Fan Skirt

appears to be a minor part of an erosional fan remnant.
Such a prominent pediment is treated as a major land-
form of the piedmont slope because of its special erosion-
al history, as is the ballena, and because pediment rem-
nants seem comparable to many fan-remnant component
landforms.

The footslopes of fan remnants on most dissected fan
piedmonts have minor extent either because the drain-
ageways are narrow or because the drainageways have
been aggraded and their footslopes buried under inset
fans (cf., Fig. 8-1 and 8-3). On some dissected old fan
piedmonts, however, backslopes that originated as gully
walls have worn back so far into the fan remnants that
most or all of the relict fan summits have been destroyed
and their former area replaced by pediments, as illustrat-
edin Figure | 1. In thissort of situation, where pediments
and pediment remnants about equal or exceed the extent
of summits of fan remnants, the term pediment draws
attention to the extent of erosional surfaces and the gene-
sis of the landscape. Similarly, in some semi-bolsons,
such as parts of the upper Humboldt River drainage,
successive pediments have been cut across sometimes
fautled and tilted Tertiary basin-fill sediments that are
only weakly consolidated. These pediments form a slope
that looks much like a dissected fan piedmont, but hasa
different genesis.

A fanskirt might be considered a component landform
of the fan piedmont, rather than a major landform, since
it is merely an extension of the gross zone of coalescing
fan alluvium that parallels the mountain front. The fan
skirt, however, is considered a major landform here be-
cause of its distinctively smooth topography, its lack of
dissection relative to the fan piedmont, its relative youth,
and its distinctive position in intermontane basins?.

A fan skirt is a belt of gently sloping, coalescent alluvial
fans3issuing from gullies and inset fans of a dissected fan
piedmont and merging with the basin floor along their
lower boundary, as diagrammed in Figure 12. Segments
of a fan skirt derived from different drainageways may
differ lithologically and be somewhat different ages. The
fan skirt is undissected or its channels are only very
slightly incised. Its drainageway bottoms are fully occu-
pied by their active channels. The fan skirt, therefore, is
among the younger fan surfaces, along with fan collars,
inset fans, and fan aprons. Fan skirts comprise the topo-
graphically smoothest zone on most piedmont slopes.
They are apt to be composed of nongravelly, or only fine
gravelly, loamy alluvium with an original provenance in
the mountains upslope. The soils of fan skirts may have
excellent agricultural potential because of their texture,
gentle slope, lack of dissection, extensiveness, and be-
cause they are still above the most probable areas of
soluble salt accumulation on the basin floor.

Pediment Remnant Fan skirts may be thin and only a few hundred yards

(On Unconsolidated Alluvium) long downslope, or they may be a mile or more long.
Several cycles of dissection by gullying and backslope They may be composed of raw alluvium, or they may
retreat have occurred in most situations where pediments have been stable long enough to have pedogenic soils.
are extensive enough to be identified on fan piedmonts Some fan skirts are deep and extend far back toward the
(Fig. 11). If the drainageways were not aggraded before mountain front. These are apt to include a few outlying
being gullied by a new erosion cycle, pediment remnants remnants of the fan piedmont and some dissected areas.
rather than inset-fan remnants are left as benches along The boundary of the fan skirt with the basin floor is
the drainageway flanks. These are distinguished by their indistinct topographically, but it can be approximated as
gentle summit slope toward the incised drainageway, as the line along which drainageways from the piedmont
compared with the nearly level transverse section of the slope turn or meet those of the basin floor that parallel
summit of an inset-fan remnant. Similarly, a pedimented the mountain front.
summit formed by opposed backslopes retreating until Narrow beach terraces occur on the fan skirts of some
they join and disappear (cf., Fig. 16 and 11-c) can be bolsons (cf., p. 24). These, ephemeral stream channels,

distinguished from a transversely nearly level relict fan
surface by the gentle slopes towards the drainageways.

Where a pediment merges with a relict fan surface, the %Hawley (1980) suggested alluvial slope as a very general term for the

very gently inclined, lowermost piedmont slope component, or toe-

whole summit ls. transversely asymmetrlc (Fig. 11-b). slope, that lacks the transverse convexities imparted to the upper fan
Exposures of erosionally-planed sediments that are angu- piedmont by individual-fan sources of alluvium. This is basically a
larly unconformable to the land surface also are clues to topographic definition and lacks the inferences of relative surface age
help distinguish pediments from constructional fan< of the fan skirt concept.

surfaces. IThe dissected fan piedmont of some semi-bolsons extends almost to

A pediment remnant on unconsolidated alluvium, like the axnal-st.rcam floodplain. Smal!fanlettes issuing from its d}'am-
ageways spill out onto the floodplain—or onto a stream terrace, if the

a f.an rem.nant, n:lUSt have some relict summit area (except axial floodplain has been recently gullied—and barely coalesce as a
it is a relict pediment surface) and has a sideslope com- skirt, or are separate.
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occasional sand dunes, or sand sheets, and a few fan
remnants are the only differing components included
within fan skirt areas.

Basin Floor (Bolson Floor)

Two major landforms dominate most of the generally
smooth and nearly level floors of bolsons. One is the
barren, ephemerally flooded playa. The other is the vege-
tated alluvial flat (Fig. 3). Bolsons that contained pluvial
lakes commonly have relict lacustrine landforms and
related eolian landforms over part of the area that other-
wise would be an alluvial flat.

Alluvial Flat

The alluvial flat extends from the toeslope of a fan skirt
(or fan piedmont, if there is no fan skirt) to the playa of a
bolson or to the axial-stream floodplain of a semi-bolson,
exclusive of other landforms such as lake plains, beach
plains, and sand sheets. It is a nearly level, graded surface
built of sediment carried by sheet floods or by broad,
intricately-braided, ephemeral streams. The alluvial flat
is the nearly level part of a basin where sediment that has
been moved down the piedmont slopes, at about right
angles to basin’s long axis, is apt to be mixed with sedi-
ments from various reaches of the piedmonts as it is now
moved parallel to the long basin axis on its way to the
playa or out of a semi-bolson (Fig. 2, 3) (Hawley, 1980).
The alluvial flat is apt to be the most extensive major
landform of a basin floor, even though eolian and lacus-
trine landforms may have been superimposed on former
parts of the alluvial flat. Extensive areas of either recent
(i.e., Holocene) or relict Pleistocene alluvial-flat surfaces
may occur in a basin.

Relict Alluvial Flat

This component landform is comprised of Pleistocene
age portions of an alluvial flat that occur either where
Holocene sediments have been confined to shallow drain-
ageways, on their way-across the flat, or where post-plu-
vial discharge of sediment onto a basin floor has beentoo
little to mantle the entire Pleistocene alluvial flat. A few
alluvial flats have been warped or broken by faulting.
These may be shallowly dissected, leaving low erosional
remnants with relict summits. These sorts of relict sur-
faces are direct analogues to the relict fan remnants of the
piedmont slope. They are somewhat differently named to
emphasize their location on the basin floor and because
they are less commonly, and less prominently, if at all
scarped by erosional slopes than are erosional fan
remants.

Recent Alluvial Flat

This component landform is comprised of the Holo-
cene age portions of an alluvial flat. (The adjective recent
is used as a synonym for Holocene and includes modern
surfaces, such as those with evidence of current sediment
deposition.) It is an analogue of the fan apron and fan
skirt. A recent alluvial-flat component may overlap and
merge with a relict component with little or no topograph-°
ic expression, or may be slightly inset against the relict
component. Therefore recent alluvial flats must be de-
fined in a negative sense as surfaces for which there is no
clear evidence of relict Pleistocene status, such as soils

with argillic or calcic horizons. Thin natric horizons can
occur on Holocene surfaces, and are not good evidence of
Pleistocene age.

Alluvial Plain

This major landform is either the relict floodplain of a
Pleistocene stream that crossed a broad basin floor, or
the very low-gradient fan delta it built out onto a basin
floor. It is distinguished from the more common alluvial
flat by its well sorted, stratified sand and gravel and
pebbles of foreign lithology, rather than by a topographic
break. Examples of relict floodplains of the ancestral Rio
Grande river occur onthe La Mesa plain of southern New
Mexico (Hawley, 1980), and of a fan delta where Pleisto-
cene Hot Creek debouched into Railroad Valley,
Nevada.

Sand Sheet

Where large quantities of sand were available from the
pluvial lake beaches and beds of some bolsons, extensive
sand sheets have been spread downwind across alluvial
flats, onto piedmont slopes, and even onto and over low
mountains (e.g., Desert Valley and Lahontan Desert,
Nevada, and Dale Lake, Mojave Desert, California).
Sand sheets are several feet thick, continuous, and may
have undulating surfaces. They may also have been
blown into dunes (the dune fields of some writers).

Sand Dune

In othersituations, individual sand dunes were built on
alluvial flats and other landforms leeward of pluviallakes
in many basins. The sand may have blown from beaches,
or from alluvial veneers deposited by ephemeral streams
emptying onto dry-lake beds. Sand dunes are considered
component landforms in that they may coalesce into sand
sheets. Between closely spaced large sand dunes, inter-
dune flats of basin-floor or piedmont-slope alluvium may
be exposed. Some playas have parna dunes along their
leeward margin. These are clay or clay loam textured
dunes built of sand size aggregates blown off the playa.

Large volumes of dust (i.e., very fine sand, silt, and
some clay and salt) also blew out of the desiccated pluvial
lake beds and is blowing off of modern playas. Eolian
dust has been a very significant factor in desert soil gene-
sis, both as shallow loess mantles (e.g., the Humboldt
loess belt, northern Nevada) and as fines infiltrated into
coarse textured parent materials (Peterson, 1977). Eolian
dust also has been the source of calcium carbonate, sil-
icate clay, and sodium salts for desert soil genesis (Gile
and Grossman, 1974; Peterson, 1980).

Beach Plain

The pluvial lakes that occupied many bolsons built
prominent barrier bars and numerous offshore bars dur-
ing recessional periods. Bars are component landforms
that are elongate, level topped, commonly curving ridges
of well sorted sand and gravel that stand above the gener-
al level of a bolson floor. Barrier bars are prominent
dams that close off drainage from considerable parts of a
basin. Offshore bars are less conspicuous ridges. The
upper foot or so of most bars has been infiltrated and
plugged oreven thinly mantled by eolian dust. Pedogenic
soils occur in this surficial zone infiltrated with dust and
the immediately subjacent beach gravel. Behind the bars,
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drainage across the alluvial flat has been ponded in shal-
low depressions that are metaphorically called lagoons.
Silty sediment is trapped there. Some bars have been
breached by erosion and the lagoons drained. Others still
trap ephemeral drainage and their lagoons are mimature
playas.

Where recessional lakes have built closely spaced off-
shore bars with intervening lagoons across wide areas of
former alluvial flats (e.g., Dixie Valley and Railroad
Valley, Nevada), the resulting major landform is called a
beach plain.

Lake Plain

The bottoms of the pluvial lakes were veneered and
leveled with fine textured, nongravelly, stratified sedi-
ments. Where one of these relict lake bottoms is not
occupied by a playa, it is called a lake plain. Some lake
plains are comprised of two or more levels, or lake-plain
terraces, separated by low scarps and formed by reces-
sional stands of the lake. Lake plains are differentiated
from alluvial flats—with which they may merge, if not
separated by offshore bars—by the high silt and clay
content of their well stratified sediments, as compared
with the more sandy, occasionally gravelly and poorly
stratified sediments of alluvial flats. Lake plains are vege-
tated and slowly drained whereas playas are barren and
ephemerally flooded.

Playa

The playa, or nearly level dry lake of most bolsons is a
sink where drainage water evaporates (Fig. 3). All playas
seem alike, but they have considerable variation in mate-
rials, salinity, and hydrologic regimes. Playas are defined
here as (1) areas on the floor of an intermontane basin
that (2) are barren of vegetation3!, (3) are ephemerally
flooded, and (4) are veneered with nongravelly, fine tex-
tured sediment. Most playas were once bottoms of plu-
vial lakes, but their boundaries are not necessarily coin-
cident with those of the old lake beds. Their surficial
sediments ordinarily,are thin Holocene deposits rather
than pluvial lacustrine sediments.

Pluvial lake beds (i.e., the area below the lowest off-
shore bars or beach terraces) are neither perfectly level,
nor can most be filled by the runoff available under
today’s relatively arid climate. The part of the bed not
intermittently flooded is at least sparsely vegetated and
has pedogenic soils. It is the lake plain. Runoff collects in
and shallowly floods the low parts of the old lake bed, or
playa. The floods deposit a thin veneer of Holocene
alluvium. This veneer may be a silt loam or silty clay,
whereas the pluvial lake sediments are commonly clays.
Near the margins of an old lake bed, deltaic sand or beach
gravel may underlie the fine Holocene sediment.

The definiton of playas used here does not demand that
they be the final sink for drainage. Nor does it exclude
them from semi-bolsons. If a playa is the final sink in a
bolson, then it is a major landform. Shallow ponds and

MThe Jack of vegetation on playas is commonly attributed to extreme
salinity. But, since some playas are nonsaline, salinity can not be the
sole cause. Crusting prevents the emergence of many seedlings.
Flooding for several weeks may kill any upland plants that establish.
Prolonged drought should kill chance aquatic seedlings. Salinity,
flooding, and resultant crusting are all functions of the landscape
position of playas, hence barrenness is a reasonable landform
criterion.

fine sediment are, however, apt to collect as small playas
behind minor runoff obstructions on a basin floor, such
as offshore bars and fan skirts merging from opposite
sides of a basin. These are also playas (or a lagoon, if
behind a bar), but their scale is more that of a component
landform. Miniature playas, or playettes, only a few feet
in diameter, are common microtopographic features on
many alluvial flat and piedmont slope soils. These vesicu-
lar crusted, barren spots are so small and so closely
related to pedogenic processes that they are considered
soil features rather than landforms.

Playa sediments are not necessarily saline, much less
crusted with salts, as are the salinas of Mexico and else-
where. Prominent soluble salt accumulation is most
commonly associated with capillary groundwater dis-
charge. Playas veneered with salt may remain moist, or
they may periodically dry to hard crusts or soft puffs.
Less salty playas regularly dry to form hard crusts that
crack into polygons (Neal, 1965).

Floodplain Playa

Modern drainage moving along the low gradient,
broad, axial drainageways of some bolsons and many
semi-bolsons spreads widely behind minor obstructions
to form floodplain playas that are very elongate or
beaded alternately with ordinary narrow channel seg-
ments. The shallowly-spread drainage water deposits fine
textured sediment on them that crusts as it dries. Flood-
plain playas are barren of vegetation, as are ordinary
playas, except that they commonly are segmented by
narrow, transverse bands of vegetation such as grease-
wood (e.g., Stonewall Flat and Lida Valley, Nevada, and
Spring Valley, southwestern Nevada, near Mina). These
are not final sinks, though much floodwater may evapo-
rate before draining on off. Rather, they are part of an
axial drainageway that feeds a final playa or drains a
semi-bolson. They are classified as component landforms
because they add to the total playa area of a bolson, and
even though they act as and alternate with ordinary
channel segments (cf., Fig. 14). They are “floodplain™
playas inasmuch as floodwater spreads and deposits sed-
iment on them.

Landforms of Semi-bolsons

Semi-bolsons differ from bolsons only because their
floors ordinarily lack major playas and relict lacustrine
landforms. Their piedmont slope landforms are so nearly
like those of bolsons that they need no further discussion,
but are repeated in Table 2 for emphasis. The floors of
semi-bolsons may be as broad as those of bolsons, or they
may be narrow and closely bounded by deeply dissected
piedmont slopes. Some semi-bolsons are almost closed
by encircling mountains cut by merely a bedrock gorge
(e.g., Upper Reese River Valley, Nevada). Others open
broadly into river valleys or into huge bolsons. The latter
may even once have been occupied by arms of deep
pluvial lakes, although they now drain externally (e.g.,
Desert and Kings River Valleys, Nevada). Yet others
were once bolsons and have been partly drained by a
deeply incised river valley, such as the Rio Grande valley.
Contrawise, some desert basins once crossed by vigorous
pluvial rivers now seldom yield drainage, although their
landforms reflect past river dissection (e.g., White River
and Kobe Valleys, Nevada).
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TABLE 2

CLASSIFICATION OF SEMI-BOLSON LANDFORMS

1 1 I
Major
Physiographic Part Major Landform Component Landform

Landform Element

Siope Component

32

Bounding Mountains . . (not defined) . . .

Piedmont Slope Mountain-Valley Erosional Fan Remnant
Fan
Inset Fan
Rock Pediments Rock-Pediment Remnant
Ballena
Inset Fan

Alluvial Fan Fan Collar?
b Erosional Fan Remnant

Inset Fan

Fan Piedmont Erosional Fan Remnant

Inset Fan

Fan Apron

Nonburied Fan Remnant
Piedmont Slope continued on next page

Summit!
Sideslope...........

Partial Ballena® .....

Channel?
Channel

Summit,or.........
Sideslope...........

Channel

Channel
Channel

Channel
Summit
Sideslope...........

Partial Ballena ......

Channel
Channel

Summit
Sideslope...........

Partial Ballena ......

Channel
Channel
Channel
Channel

Shoulder
Backslope
Footslope?
Crest
Shoulder
Backslope
Footslope

Crest®
Shoulder
Backslope
Footslope

Crest
Shoulder
Backslope
Footslope

Shoulder
Backslope
Footslope
Crest
Shoulder
Backslope
Footslope

Shoulder
Backslope
Footslope
Crest
Shoulder
Backslope
Footslope





TABLE 2—Continued

I 11
Major

Physiographic Part Major Landform

Component Landform

Landform Element  Slope Component

Pediment’ Pediment Remnant’ Summit
' Sideslope........... Shoulder
Backslope
Footslope
Channel
Fan Skirt Channel
Basin Floor Alluvial Flat Relict Alluvial Flat Channel
(Semi-bolson Floor) Recent Alluvial Flat Channel
Alluvial Plain
Basin-Floor Remnant? Summit
Sideslope........... Shoulder
Backslope
Footslope
Partial Ballena ...... Crest
Shoulder
Backslope
Footslope
Channel
Inset Fan Channel
Sand Sheets Sand Dune’
Axial-Stream
Floodplain Floodplain Playa Channel
Stream Terrace’ Summit
Sideslope........... Shoulder
N Backslope
: Footslope

IThe summit landform element is synonymous with the summit slope component.
A footslope alternatively may be called a pediment. The toeslope component is not listed because ordinarily it would be part of aninset fan, fanapron,

fan skirt, or alluvial flat.

3The term partial ballena is an alternative name for the portion of a remnant sideslope which forms a spur.
4The channels associated with various landforms may be within or between them or absent.

*Not a common landform.
¢A rock-pediment remnant may have either a summit or a crest.

Semi-bolsons have an axial stream crossing their floor
and exiting from the basin, as shown in Figure 13. It may
be a perennial, intermittent, or ephemeral stream. The
floodplain may be narrow or broad. In some cases it is
covered by wet meadow. Or, it may comprise a beaded
string of floodplain playas and anastomosing channels
(Fig. 14-1). Stream terraces are occasionally found along
an axial stream. These may be underlain by clean, well
sorted and stratified sand and gravel, or by loamy or
clayey sediments. The top of a stream terrace is transverse-
ly level and slopes parallel to the axial stream, whereas a
fan remnant32 slopes at about a right angle to the axial
stream and is composed of crudely sorted, poorly strati-
fied alluvium.

In broad basins not deeply dissected by their axial

stream, and particularly near the head of a basin, alluvial

flats may extend far back to either side of the shallow
channel of the axial stream. The alluvial flats may have
fan skirts along their margins (Fig. 14-1) or merge with
the fan piedmont if there is no fan skirt. Where the axial
stream has been incised into a former bolson floor, or

32The term terrace should be restricted to use for identification of
stream terraces, beach terraces, and lake-plain terraces, even though
fan remnants are loosely called terraces in the vernacular. For naming
landforms of intermontane basins, only former axial-stream flood-
plains are called stream terraces. All other floodplains are called inset
fans and their remnants are fan remnants.

33





alluvial flat, nearly level topped basin-floor remnants33
may stand above inset fans that are tributary to the axial
stream (Figure 14-11). If gullys have dissected a fan skirt
that once was the margin of the basin floor, the area will
now consist of fan remnants and be part of the fan
piedmont.

Incision of the axial streams in narrow basins soon
destroys any alluvial flat and radiates onto the fan pied-
mont. Where such dissection is deep, fan remnants stand
as bluffs along the axial drainageway (Fig. 13). Inset fans

debouching from the dissected fan piedmonts commonly
form narrow fan skirts or individual fanlettes that grade
to the floodplain of the axial stream. The fan skirt or
fanlettes may be slightly scarped by stream meanders.

Lacustrine landforms, dunes, and sand sheets do not
occur in most semi-bolsons, unless they were once inun-
dated by an arm of a deep pluvial lake. Dust fall and
infiltration and shallow loess mantles are probably as
common as in bolsons.

LANDFORMS OF MAJOR
DESERT STREAM VALLEYS

Where major Pleistocene rivers cut valleys through
intermontane basins filled with alluvium, characteristic
landform sequences occur (Ruhe, 1962, 1964, 1967, Haw-
ley, 1980). The valley floor is comprised of stream chan-
nels and a floodplain. Stream meanders may have
scarped stream terraces, valley-border fans (i.e., individ-
ual or coalescent alluvial fans debouching from arroyo
valleys3*) and valley-border pediments to form an inner-
valley scarp. Along other reaches, the valley-border fans
and pediments may grade to the floodplain.

Stepped sequences of erosional remnants of early-
Holocene and Pleistocene fans and pediments, each
graded to successively lower main-stream floodplain ele-
vations, commonly form the valley walls, or valley slopes,
of major desert stream valleys, rather than smooth, un-
dissected slopes. These remnants may include significant
areas of relict surfaces, or they may have beenreduced to

valley-border ballenas. Since late-Pleistocene and Holo-
cene erosion has been mainly responsible for creating
such ballenas, their slopes are apt to have only Entisols or
weakly expressed pedogenic soils, whereas truncated
Pleistocene soils are sometimes still prominent on their
crests.

The upper, or outer-valley rim may be scarped and
prominent if it iscut into a relict basin surface containing
a soil with a petrocalcic horizon that acts as a cliff-
former. The rim is apt to be most clearly defined and
continuous along reaches cut into a high old basin floor
from which few drainageways enter the valley. Where the
valley rim impinges on a piedmont slope, it is apt to be
deeply serrated by arroyo valleys extending far onto the
piedmont slope and even into mountain valleys. Stepped
valley-border surfaces may be represented within the ar-
royo valleys by inset-fan and pediment remnants.

LANDFORMS OF HILLS AND MOUNTAINS

34

Hill and mountain are utilitarian names for landscape
features that impede travel and agriculture. Hills?s rise
less than 1000 feet above surrounding lowlands, whereas
mountains are higher. Both have smaller summit areas
than mesas or plateaus. They also have bedrock cores
mostly mantled with variable depths of regolith in which
pedogenic soils commonly occur. Barren bedrock expo-

33The term basin-floor remnant is intended to be general and to include
remnants of playas, lake plains, alluvial plains, and alluvial flats since
these can be distinguished only difficultly by their sediments.

34This term for small valleys tributary to major desert stream valleys

was coined in New Mexico, hence the provincialism arroyoinarroyo

valley (cf.. Hawley, 1980). It can serve to distinguish the drainage-
ways of the ephemeral streams proliferating away from major desert
stream valleys for the entire Basin and Range Province. The term,
arroyo valley, denotes a type of drainage system, more than a land-
form. lts valley may contain an inset fan, fan remnants, pediment
remnants, etc.

sures are only locally extensive. Moderately to extremely
steep slopes are common, but the regolith and soils on
these slopes are not necessarily, or even commonly, shal-
low. Other than these gross generalities, little can be said
about component landforms or their relations to soils
because there have been no studies of the geomorphology
and soils of hills or mountains3® comparable to those for
intermontane basins (e.g., Ruhe, 1964, 1967; Gile and

35The term hill should not be used for landforms of the piedmont slope
or basin floor of intermontane basins, even though ballenasand other
remnants have been loosely called foothills or hills in the vernacular.

3The numerous geological studies of mountain landforms are biased
toward glacial features and almost all lack even rudimentary soils
information. Geographic studies mostly use landforms too gross to
relate to soils. Some morphogenetic landform identifications for soil
survey have been done for the northern Rocky Mountains (U.S.D.A.,
1976), but they are not widely applicable to the Basin and Range
Province.
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Grossman, 1979). Predicting where soils should occur on
hills and mountains must be done by local, empirical
correlations. This is unfortunate. However, the general
theories and terms of erosional slope formation can be
used to guide soil mapping and help name physiographic
positions.

Hills, possibly excepting the larger ones, are small
enough landscape features that they can be conceived of
as single “major landforms” comprised of fairly simple
erosional slopes on which the soil pattern is related to
slope components. Mountains are such huge features
that they comprise many different morphogenetic land-
scape features at the scales of the major and component
landforms described for intermontane basins. Their sheer
size allows factors of slope, aspect, and differential bed-
rock erodibility to manifest themselves in significant size
areas. Zones of resistant bedrock may act as local base-
levels for erosion behind which major or component
landforms rise toward the mountain crests as steps, or as
small erosional-valley systems graded to progressively
higher nickpoints (cf., Wahrhaftig, 1965). However,
many of these unnamed major and component landforms
also can be described in terms of erosional slope compo-
nents that have been shown to be related to ages of land
surfaces and to soil patterns in many parts of the world.

A Model for Erosional Slopes

Erosional slopes cut in uniformly resistant material
have remarkably similar forms and evolution patterns.
Resistant strata only alter the form in understandable
ways or direct the advance of erosion along certain
routes. Generally speaking, the form of slope is inde-
pendent of the size of the landform. The sides of a rill may
have the same slope components and form as an entire
hillslope or mountain slope, although the larger slopes
are commonly mosaics of many smaller erosional slopes
that display the similar form when viewed from a
distance.

Figure 15 shows profiles of ideal examples of erosional

 slopes such as occur during the progressive reduction of a

flattish upland surface by backwearing during a single
erosion cycle. The upland surface is called a summit if it is
broad and gently sloping enough that it is prominently
distinguished from the steeper sideslopes. Where the top
of a ridgeline remnant, or hill, or mountainis narrow and
dropsaway immediately onto the sideslopes, it should be
called a crest. The convex upper portion of the sideslope
is the shoulder. It may be sharply angular if the summit is
immediately underlain by a resistant stratum. Also, it
may be narrowly or broadly rounded. The straight mid-
dle portion of the slope—which may be absent, if relief is
low or the landform is very old—and the prominently
concave lower portion together form the backslope. The
relatively gently sloping, slightly concave slope leading
away from the steeper backslope is the footslope, or
pediment. At some indeterminant distance away from the
backslope, the footslope may be called a toeslope to draw
attention to an accumulation of sediment (eroded from
the backslope and carried across the footslope) that is”
thicker than what is found on the footslope. The foot-
slope—or the toeslope, if one is distinguished—extends
on down to a lateral channel along which sediment
eroded from the backslope is eventually discharged in

“open systems™. In “closed systems™, where the footslope
ortoeslope ends ina drainage basin, the eroded sediment
merely accumulates in the basin, gradually overriding the
footslope as the basin fills (Ruhe, 1975).

This pattern of erosional-slope components is the
morphological reflection of a process that operates to
produce low ridges, hills, and mountains all over the
world under both humid and arid climates (Ruhe, 1975,
pp- 125-148). Figure 16 diagrammatically shows the criti-
cal factor in the process: the retreat, or backwearing, of
the shoulder and backslope after they have been initially
formed by a cycle of gullying, or as a fault scarp. Large
landforms and entire erosional landscapes are shaped by
repeated cycles of gullying and backslope retreat from
numerous drainageways (Fig. 1 1; cf. Ruhe, 1975, p. 135).
The séquences of slope angles, shapes, and slope compo-
nents—as an upland mass is reduced by this process of
slope retreat—have been the subjects of longstanding
geomorphic argument, as indeed has been the very exis-
tence of slope retreat in comparison to overalldownwear-
ing (cf., Young, 1972).

The summit, shoulder, backslope, footslope, and toe-
slope components each have been referred to by other
genetic names associated with one or the other geomor-
phic theory. To save confusion, these alternative terms
are best avoided, but two are so common in geomorphic
literature and so useful that they need mention. The
lower, prominently concave portion of the backslope has
been called the debris slope. Coarse colluvium is apt to
accumulate on it until disintegrated by weathering or
until residual gravel and cobbles are buried under sedi-
ment asa thin layer that has the appearance of a stone line
in vertical exposures. (But “stone lines” seldom contain
many stone size rock fragments!)

Traditionally, the footslope has been called a pediment
where it is cut into bedrock. There is no traditional equiv-
alent term for footslopes cut into unconsolidated sedi-
ments (the most common case), although the term para-
pediment has been used informally. Furthermore,
pediments were once thought to form only under arid
climates, but are now known to occur widely in semiarid
and humid climates. Ruhe (1975, p. 134) has amplified
the definition of pediment to cover all situations where
this morphogenetic form is found as an erosional-slope
component: “. . . a pediment should be considered an
erosion surface that lies at the foot of a receded slope,
with underlying rocks or sediments that also underlie the
upland, which is barren or mantled with sediment, and
which normally has a concave upward profile. . ..”
Ruhe’s inclusive use of the term pediment is rec-
ommended.

The pediment is a surface of transport, just sloping
enough that sediment eroded from the shoulder and
backslope can be carried slowly to a drainageway channel
or basin. The sediment is apt to form a layer, called
pedisediment, that is about the depth of scour-and-fill of
the rills that move it. The actual pediment erosion surface
is at the base of the pedisediment and is apt to be marked
by a stone line of gravel and cobbles that originally
accumulated on the debris slope but could not be carried
across the pediment. Stone lines are not formed if resist-
ant gravel and cobbles are not produced during slope
retreat. Or, they can not be distinguished if the upland
and underlying materials are both very gravelly and cob-
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bly, asin fanalluvium. Pedisediment isapt to accumulate
to depths greater than scour-and-fill toward the lower
end of the pediment. This part of the slope is called the
toeslope, or on a piedmont slope may be part of an inset
fan.

The pediments and pediment remnants that can be
associated with soil patterns in intermontane basins
seems to be the result of recession of backslopes high
enough that their retreat destroys entire pedogenic soils.
The relict soils of fan and pediment-remnant summits
show little evidence of truncation by erosion. But across
the shoulder of an erosional slope cut into such a summit,
the relict soil is commonly found to be progressively
truncated and then absent from the backslope, footslope,
and toeslope. But not all, if indeed most backslopes have
been eroded recently enough to destroy any pedogenic
soil that might have formed on them. Numerous exam-
ples are seen where the entire backslope is mantled with
pedogenic soils that may be even equally as well devel-
oped as those of the summit. This latter situation is
evidence that the sideslope has been stable almost as long
as the summit. In yet other cases, short reaches of the
backslope have been eroded recently and have no pedo-
genic soil, whereas contiguous reaches have a pedogenic
soil. Land surface stability (soil formation) and erosion
(soil destruction) are periodic events both in time and
space (Butler, 1959), even on backslopes, which are the
slope component most susceptible to erosion.

The erosional slopes of bedrock hills and mountains
are such large features and so commonly have crests
rather than summits, that patterns of differential soil
development on crests and sideslopes are seldom seen
that asclearly illustrate shoulder and backslope retreat at
the expense of summits as those of fan-remnants. Yet,
some hillslopes have strongly developed pedogenic soils,
whereas others have only Entisols, or are bare rock.
These situations may be contiguous. Localized hillslope
erosion commonly radiates upward and outward by gully-
ing and rilling initiating at the head of a drainageway cut
into the footslope. The, eroded area usually has an ob-
ovate shape. Such localized areas of hillslope erosion
have been metaphorically called erosion balloons (Mock,
1972). Sediment from an ergsion balloon exits through
the incised footslope drainageway, rather than spreading
across the footslope. Thus a relict soil of a footslope or
pediment remnant is bypassed and protected from either
rapid erosion or burial even though the associated back-
slope has been rejuvenated. Such localized erosion on
backslopes explains patterns of different age soils along
what seems to be a uniform age hillslope. Such situations
also show that hillslope erosion by rilling, gullying, creep,
or slides is periodic both in time and space and is apt to
remove entire pedogenic soils. Indeed, hillslope retreat
may depend on long periods of stability so that moisture
held in the soil can produce “rock waste” by deep weath-
ering, and thus a layer thick enough to be liable to rapid
gully erosion, perhaps during transitions to drier climatic
regimes.

There is evidence for sheet erosion and shallow creep as
processes that shallowly and slowly truncate the pedo-
genic soils of hillslopes. These processes may have been
overemphasized due to awareness of man’s sometimes
catastrophic land use. Their roles in determining hillslope
soil patterns are not as clear as those of the rilling and

gullying that create erosion balloons, but they do seem
related to the patterns of erosional slope components
described earlier.

Geometric Slope Shapes

Hillslope components also can be described by their
gradient (as percent slope or degrees inclination), by their
length, and by their width. Their geometric shape may be
convex, straight (linear), or concave in both profile and
planimetrically, giving nine possible combinations (cf.,
Ruhe, 1975, p. 100). But, gradient and shape commonly
change with distance downslope and along the slope of
erosional landforms. Slope length and width change with
landform size without any necessary relation to landform
genesis or soil patterns. Geometric slope properties are
most useful for describing polypedons®. The morpho-
genetic slope components are more useful for describing
physiographic positions and soil patterns.

Patterns of Slope Components

Actual hillslopes—and by extrapolation, mountain
slopes—are oversimplified by the slope components
shown in Figure 15. First, in much hilly and mountainous
terrain, most of the landscape consists of shoulders and
backslopes. Summit, footslope, and toeslope areas are
minimal. Many backslopes drop directly into drainage-
way channels. Secondly, hillslopes that are wide and
straight along the contour, such as suggested by Figure
15, are rare. Rather, hilland mountain sides are apt to be
cut into numerous short noses or longer spurs by side-
slope drainageways and short side valleys. These in turn
may be cut by yet smaller drainageways and rills. Thus, in
plan view, the sideslopes of a hill or mountain ordinarily
form a wavy, crenulated, or digitate pattern.

For any two adjacent spurs, each has three major
planimetric shapes of slopes. On the noseslope at the ends
of the spurs, the shoulder and backslope components are
planimetrically convex. Water flowing down a noseslope
spreads radially and would not be expected to be asapt to
concentrate in large rills or gullies as on planimetrically
straight or concave slopes. Sediment from the noseslope
might be expected to be dispersed around its arcuate
footslope. The spur sideslopes are nearly linear in plan
view. Water flowing down these sideslopes may or may
not collect into major rills or gullies. Sediment may col-
lect on the debris slope to form thicker deposits than on
the upper backslope or shoulder. As the sideslopes of a
spur backwear, and the shoulders from either side meet,
the crest of the spur is downcut and the hillmass reduced.
A headslope occurs at the head of the drainageway or
small valley between two spurs. The headslope is doubly
concave: both in plan view and in profile. Runoff concen-
trates on the debris slope and may form prominent rills
and gullies. Bifurcation of the interspur drainageway
rising from the bottom of the headslope is common.
Colluvium and sediment are very apt to accumulate on
the debris slope and thick deposits and thick soils are apt
to form in it. As a headslope backwears, it divides and
reduces the main hillmass until eventually the shoulders
from opposing headslopes meet, lower the hill crest, and
form a col, or saddle.

According to Young(1972), the erosional processes on
shoulders are still an enigma, although longago soil creep
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was proposed to be the dominant process, as compared
with rilling and surface wash on the backslope. (But rills
are seen extending all the way to the crest.) Nonetheless,
hill shoulders may be extensive components for local
correlation with soil patterns, and their shape, or radius
of curvature is one of the major elements that lends visual
distinctiveness to hillsand mountains that are recognized
as looking “different”.

Describing Soil Patterns on
Hills and Mountains

Physiographic positions of individual soils on hilly or
mountainous terrain are most specifically described by
slope components. These terms cover such a wide range
of landform sizes that it is helpful to add the adjective hill
or mountain for a sense of landscape. Mountain summit
area, for example, implies a larger, more highly elevated
area than hill summif, and a mountainfootslope implies a
longer slope than a hill footslope. For some audiences,
such loosely defined terms as hillslopes or mountain
slopes are more acceptable than multiple or individual
listings of shoulders, backslopes, or footslopes, but the
general terms may not differentiate the positions of indi-
vidual soils in a soil assocation. Similarly, hill or moun-
tain sideslope may be used to merely imply the backslope
position, but since they include the shoulder and foot-
slope positions, such loose usage can confuse the posi-
tions of individual soils. As a result, one should spellout
the physiographic positions of individual soils, or com-
ponents of soil associations, if the purpose is to add
information on individual soil locations to the necessarily
somewhat vague locations provided by the delineations
of soil associations on small scale, reconnaissance soil
maps.

If one’s purpose is to only suggest landscape positions

for a nontechnical audience, or to indicate the positions
of entire delineations of a soil association, then the loose
terms, such as hillslopes, are appropriate. To describe the
landscapes of very broad soil associations, such as those
of general soil maps, single terms are ineffective. One
should go to narrative descriptions using any selection of
terms that work.

Hilly or mountainous landscapes can be quite different
in various areas. Distinctively similar hills or moun-
tains—which occur locally in groups and have character-
istic soil associations—look alike because they have sim-
ilar elevations and sizes and shapes of slope components.
Sharp crests formed by angular, or narrow, tightly
rounded shoulders create smooth or jagged skylines,
both of which contrast with those of hills or mountains
having flattish summits, or wide summits formed by
joined, very broadly rounded shoulders. Hills with nar-
row ridgeline crests and long, straight backslopes drop-
ping directly into intervening narrow drainageways have
an overall serrate aspect that suggests geologically recent
and intense dissection. Other hills have broadly rounded
crests that merge, without any intervening straight back-
slope, into broadly flaring, concave backslopes and foot-
slopes. Such hills seem to stand apart from each other
and their open valleys invite a traveler’s entrance. Their
slopes also suggest great age if they are cut in hard bed-
rock. They are also apt to be soil-mantled, albeit thinly.

Asymmetric hills and hills with cliffed slopes suggest
differentially resistant bedrock. At detailed scale, com-
mon, jagged, barren bedrock outcrops suggest recent
stripping and sparse soil whereas smoothly curving
slopes suggest a continuous soil mantle. In general, the
shallowest soils are apt to occur on doubly- or singly-
convex slopes. Deeper soils may be expected on doubly-
or singly-concave slopes. Figure 17 suggests how slope
components may be used to describe hilly, mountainous,
and dissected landscapes and the physiographic positions
of individual soils.

LANDFORMS FOR SOIL MAP UNIT DESIGN

Landform analysis is probably most useful for design-
ingand describing the soil association map units of Order
3 and 4 soil surveys (Appendix I, Table 1). Not uncom-
monly, the major landforms of intermontane basins oc-
cur in zones that are potential soil associations, or the
zones can be broken into a few subdivisions with consis-
tent soil patterns. The reader of one of these soil surveys
may be satisfied with mere percentage soil composition
and a loose description of where the soil associations
occur. The major physiographic part or major landform
names are useful for telling where entire soil associations
occur. For example, one might occur on the piedmont
slope, or somewhat more specifically, on both dissected
alluvial fans and dissected fan piedmonts. But, if the
reader is going to use the soil map to apply management
practices in the field, he will need to be able to find the
component soils. This demands identification of the phys-
iographic position of each soil by component landform,
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landform elements, or slope component, or in reference
to one of these features if soil boundaries do not accord
with landform boundaries. Forexample, three soils of an
association may occur on inset fans, fan-remnant side-
slopes, and fan-remnant summits; an entire delineation
of this association would be on a dissected fan piedmont.
As another example, two soils may occur in a complex
with no topographic clues to their boundaries. They
might be described as occurring on slightly dissected fan
piedmonts with soil A under big sagebrush and soil B
under low sagebrush.

The map units of Order 3 and 4 soil surveys necessarily
have considerable inclusions (cf., Appendix I, Table 2).
Since relatively small map scales are used, the included
soils may cover surprisingly large and prominent areas
when encountered in the field (Appendix 1I). The user’s
confidence in the soil map is greatly increased if inclu-
sions are described for each map unit, and if the physio-
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graphic position of each is givenso the user can anticipate

where they will be seen.

The map units of the detailed soil maps for Order 2 soil
surveys are mostly soil consociations and the map scales
are relatively large. Since the location of only one kind or
phase of soil is identified by each consociation delinea-
tion, and since the base map ordinarily provides excellent
field control, physiographic position is not so critical for
the user. Yet landform recognition is equally useful dur-
ing soil mapping. Most trained readers will want an idea
of landscape position when they are studying the map
unit descriptions. The general soil map in an Order 2 soil
survey report is like an Order 4 soil map. It is most useful
if its soil associations accord with major landscape units

and if the positions of the dominant soils are given by
landform.

Order 5 soil survey maps are necessarily drawn using
large landscape units as map units. Their descriptions
should be in general landform terms commensurate with
the generality of the soil map units, e.g., rolling hills, or
piedmont slopes. If the positions of the dominant soils
are described by more specific landform terms, the utility
of the map is increased.

The extremely detailed maps of Order | soil surveys
deal with such small areas that physiographic position is
not needed for location. However, it may suggest environ-
mental hazards such as flooding or frost hazard.

GEOMORPHIC SURFACES
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Landform identification aids soil mapping because it
separates some, if not all soils of different ages. A geo-
morphic surface is another landscape abstraction that is
used to specifically identify soil age. ldentification of
geomorphic surfaces involves landform analysis, but
landforms and geomorphic surfaces are not synonymous.
A geomorphic surface may comprise a single landform,
several landforms, or parts of yet others. A geomorphic
surface is a part or several parts of the land surface that
has been formed during a particular time period. A soil
that underlies a geomorphic surface has an age dating
from somewhere within the time period during which the
surface was formed, i.e., the soil dates from the time the
surface was stabilized—neither being eroded or aggrad-

ed—and that date ordinarily can be described only as
within the time period and relative to the age of some
other geomorphic surface. This is sufficient for soil map-
ping and most soil genesis studies.

The concept of geomorphic surfaces and their relations
to landforms is best defined if it is operationally de-

fined¥, i.e., if the things one does to map, date, and

describe geomorphic surfaces are used to define the con-
cept. Three interacting sets of operations are involved: (1)
locating the surface spacially, or mapping it; (2) dating
this land area by stratigraphic evidence; and (3) recogni-

tion (a mental operation) that the “surface™ is not only a

plane—in the sense of a geometric abstraction that has

length, width, and elevation coordinates, since it curves
—but that identificaion of the surface also involves the
sediments, soils, or rocks that form the particular land
surface in its different parts (cf., Ruhe, 1969, pp. 5-6).

A geomorphic surface is only an abstraction, as all map
identifications are, of a portion of some very real land-

scape. During the operations of mapping a geomorphic
surface, one not only discovers facts about a landscape
and tests mapping criteria, but also creates the mental

37Bridgeman (1927) gives a short, readable discussion of how scientific
knowledge is gained which is as applicable to soil science and geology
as to his subject of physics. His operational definition is one of the
principles on which the Soil Taxonomy (USDA, 1975) was built
(Cline, 1963). The most useful discussion of geomorphic surfaces for
soil scientists is by Daniels et al (1971).

items that are used to establish age by stratigraphic rela-
tions and to correlate landforms, soils, and geomorphic
surfaces. The mapping of the geomorphic surface, or
surfaces, of an alluvial fan located along a mountain
front can serve as an example of how one uses landform
analysis and then other landscape features to identify
geomorphic surfaces in the field, i.e., to operationally
define them.

In this example, the alluvial fan is first seen and then
mapped as a discreet landform. That is, one would delin-
eate the part of the landscape which is found to: (1) havea
fan-like, or semiconical shape, (2) have its apex at the
mouth of a mountain valley, and (3) be in a broad low-
land downslope from the source of (4) the stratified allu-
vium, and perhaps debris flow deposits, from which its
gross topographic form has been constructed—whether
or not it has later been dissected. These are the operation-
al criteria that define the alluvial fan landform. During
mapping the fan of this example, one may find that the
fan’s surface is (1) so smooth that the ephemeral washes
currently distributing sediment across it have no topo-
graphic barriers to periodic lateral migration, and that (2)
the entire fan is mantled with raw, entisolic alluvium that
contains no significant pedogenic horizons.

One could then conclude that this fan surface is of a
single age and is recent. Actually, portions of the surface
should be somewhat different ages because the ephemeral
washes that build an alluvial fan (and hence its surface)
by spewing fresh alluvium back and forth take some years
to work across the entire fan. Therefore, its recent age is
actually a period of time, a period short enough and
sufficiently recent that no pedogenic soil has formed.
Thus, a part of the land surface has been delineated that
has been formed during a time period defined by the
surficial alluvial mantle and its lack of pedogenic altera-
tion. It is a geomorphic surface which, in this example,
was formed by a single process.

Again taking this example of a recent alluvial fan, one
could try to map the eroded valley slopes that provided
the fan alluvium and may be able to logically assign an
age to them. Suppose that during the period the entisolic
veneer was spread across the alluvial fan, contemporane-





ous gullying of portions of the valley slopes resulted in
destruction of a preexisting soil—a not unknown event.
The boundary between the remnantal pedogenic soils
and the freshly exposed parent material on the valley
slopes would enclose the area from which the fan alluvi-
um was derived. The eroded valley slopes and the fan
surface could then be said to be the same age, where age is
the period of time needed to strip the valley slopes deeply
enough to destroy a soil, and to contemporaneously de-
posit a veneer of fan alluvium thick enough to containan
Entisol. Now, one landform (the fan) and part of another
(the eroded portion of the valley slopes) that are the same
age, though formed by different processes, would have
been mapped. These comprise a single geomorphic sur-
face. One would predict a similar degree of soil formation
(i.e., Entisols) as far as this geomorphic surface could be
mapped onto other landforms by similar operations.
The example illustrates how a geomorphic surface
might be identified in one particular situation. 1t also
introduces the difficult question of what surface meansin
the context of soil studies. To pursue the question, addi-
tional examples of the operations used to identify and
differentiate geomorphic surfaces are needed.

Let the alluvial fan example be altered by saying that
there are erosional fan remnants that stand several feet
above the recent fan surface still crossed by active washes
(i.e., above inset fans). The fan-remnant summits must be
older than the active fan surface, and can be used to
define a second, older geomorphic surface (cf., Fig. 5).
The remnant summits must be older because they stand
in a position where the washes could not have deposited
raw alluvium during the period the recent fan surface was
being constructed. Surfaces in such a position are said to
be bypassed by active streams. Note that before such

remnants can be securely identified as being bypassed,

and therefore as having relatively old summit surfaces,
they must have a very real topographic relief. A few
millimeters or inches higher isn’t enough to map consis-
tently. Such bypassed remnants may be destroyed by
erosion, but in the interim they just set and weather.
Pedogenic soils3® are commonly found on bypassed fan-
remnant summits and none, or more weakly differentiat-
ed ones on the sideslopes and younger inset fan surface.

As a third example, many fan piedmonts have old
surfaces preserved between fan aprons or where, by some
accident they have not been veneered with raw alluvium
for a long time (cf., Fig. 10). Such nonburied remnants
and relict fan surfaces also are old geomorphic surfaces.

3#]n the most general sense, soil is material in which plants grow, or
could be grown. A geologic soil may be defined as weathered and
loosened rock, residuum, or sediment without any pedogenic hori-
zons. A pedogenic soil has at least one pedogenic horizon that is (1)
an altered layer, that (2) parallels the land surface, and that (3) is
somewhere discordant with the macroscopic structure or microscopic
fabric of its assumed geologic parent material. The alteration distin-
guishes the layer from others above or below it, and lends it an
identifying character. Alteration may be made by accumulations,
such as through additions of humus or illuvial clay, by Josses, such as
through the solution of limestone or through clay eluviation, or by
changes, such as through the mixing of finely-stratified sediment, or
formation of soil structure, or gleying, or the release of iron to form
brown oxides. Parallelism demonstrates that the alteration is the
effect of processes acting from the land surface to various depths with
different effects at different depths. Most of these processes involve
the percolation of meteoric water. For example, humus accumulates
where roots grow most vigorously. llluvial clay accumulates below a

These surfaces are identified by several alternative or
combined criteria. In hot deserts, old surfaces commonly
have a pebble pavement darkened by desert varnish,
whereas a recent alluvial veneer is apt to have light col-
ored, unvarnished surficial pebbles (cf., Denny, 1965, p.
9, 11). To use this criterion, one assumes desert varnish
forms only very slowly; such a single criterion is a weak
and crude differentia for surface age. A more significant
observation would be finding a pedogenic soil within the
remnant and no pedogenic soil, or a less prominently
differentiated one in contiguous, presumably younger
alluvium. This sort of age identification extrapolates pre-
viously determined correlations between pedogenic al-
teration and surface age, and the argument is substantial.
If the pedogenic soil of the nonburied remnant can be
traced under and hence shown to be buried by a relatively
unaltered, stratigraphically-younger alluvial veneer, or
fan apron, the argument for a significantly older geo-
morphic surface is conclusive. Note that real, substantial
thicknesses of material are needed to demonstrate either
the presence or absence of pedogenic soils in both the
remnant and the fan apron.

The operations for identification of mappable geo-
morphic surfaces significant to soil studies involve real
thicknesses of soil material, thicknesses great enough that
they contain or could contain a pedogenic soil®. 1t is
meaningless, in Bridgeman’s (1927) sense of the word, to
speak of a geomorphic surface as if it were a geometric
plane of zero thickness, or a sand grain’s thickness, or a
few inches thickness because that is not enough to allow
the operations of identification.

One implication of this operational requirement is that
when mappinga geomorphic surface by visual extrapola-
tion from one erosional remnant across a drainageway to
another flattish remnant, or by the sweep of the eye
across a smooth and apparently continuous surface such
as a fan skirt, it must be with the presumption that there
has not been enough truncation or sediment deposition
to destroy or to bury a pedogenic soil within the areas
that look to be one geomorphic surface. A second impli-
cation is that where a geomorphic surface appears to
extend from, say, an alluvial deposit with an identifiable
surficial layer onto a barren rock pediment, or onto an
apparently very shallowly sheet eroded area, the contin-
uation of the geomorphic surface must remain moot.

Geomorphic surfaces are useful for soil mapping inas-
much as there are two basic kinds of surfaces: stable and
active. A srable geomorphic surface may be defined as

surface horizon that acts as a source or transport zone, and calcium
carbonate accumulates at the common depth of wetting in soils with
xeric, ustic, and aridic moisture regimes. Discordance demonstrates
that the alteration happened after the horizon’s parent material was
emplaced or formed by geologic processes, i.e., by preceding events.
Development of soil structure and mixing that disrupt fine stratifica-
tions of alluvium or dune sand, or that disrupt the relict rock struc-
ture of saprolite are discordances with geologic parent material struc-
ture. Cementation of stratified sand and gravel by calcium carbonate
or opal is another macroscopic discordance. Illuvial clay coatings
and bridges in alluvial sand are examples of microscopic discordance
to geologic fabric because sand is not deposited from running water
with such coatings or bridges (Peterson, 1980). If these three criteria
cannot be demonstrated for a putative pedogenic horizon, then it
should be considered a geologic horizon. Some very deep or very
thick horizons, or horizons with very diffuse boundaries which have
features suggestive of pedogenesis may have to be called geologic
horizons, therefore, because examination is physically impractical.
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one where there is a pedogenic soil in the surficial mate-
rial that forms the surface. A geomorphic surface may be
active by reason of recent or ongoing erosion or deposi-
tion that has destroyed or buried a preexisting pedogenic
soil. By this definition, erosion that merely truncates a
pedogenic soil may change the taxonomic identity of the
soil, but the surface is still “stable”. One may speak of
“partial instability”, if partial truncation can be demon-
strated. Burial creates an active surface if the mantle is
thicker than anarbitrary 50 ¢m (20 inches), or is between
30 and 50 cm thick, and the thickness is at least half of
that of the diganostic horizons preserved in the buried
pedogenic soil (cf., USDA, 1975, p. 2). Lesser accreations
may be called “partial instability,” but are difficult to
map and in time will be converted to pedogenic horizons
probably indistinguishable from those of the buried soil.
The definitions adopted here may seem unnecessarily
demanding, but they reflect the operational realities for
identifying geomorphic surfaces significant for soil
studies.

In summary, geomorphic surfaces are mappable land
surface areas that were formed during a defined time
period by deposition or erosion of at least a thickness of
material sufficient to accommodate a pedogenic soils.
They are the basic tool for determining soil age, but
probably are more difficult to map than soils. Landforms
are more easily recognized and frequently can be used to
informally identify local geomorphic surfaces, at least in
part (cf., Fig. 8). A given landform may be comprised of
one or several geomorphic surfaces, and a single geomor-
phic surface may extend across several landforms. Geo-
morphic surfaces may be defined for geological purposes
with time spans broad enough to include several ages of
stable surfaces and pedogenic soils, but for soil studies,
they are best defined narrowly, if possible. Landformsare
a basis for predicting soil occurrence, describing the phys-
iographic positions of soils, and may indicate relative
age. The geomorphic surface is the device whereby land-
forms can be used to establish relative ages of different
soils and further help predict where they might occur.

POSTSCRIPT

This work was encouraged over several years by E.A.
Naphan, State Soil Scientist, Soil Conservation Service,
Nevada. His close reading and suggestions resulted in
important changes. My original experience with analysis
of desert landforms was with the Soil Conservation Ser-
vice’s Desert Projectin New Mexico. Interest in the rela-
tive physical scales of soils and landforms also started
there. Any errors of simplistic classification or mayhem

< committed on geological nomenclature are my respon-

sibility.
F.F.P.
Reno, Nevada
September, 1980
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APPENDIX 1
KINDS OF SOIL SURVEYS AND SOIL SURVEY TERMS

TABLE 1
CRITERIA FOR IDENTIFYING KINDS OF SOIL SURVEYS!

Kinds Kinds of Kinds of Field Procedures? Appropriate Scales Minimum

of Soil Map Units Taxonomic for Field Mapping  Size

Survey Units and Published Maps Delineation’

Order | Mainly soil Phases of The soils in each delineation are >1:10,0004 <1.0 acre
consociations s0il identified by transecting or tra-
and some series versing. Soil boundaries are observed
complexes throughout their length. Air photo interpretation®

. used to aid boundary delineation.

Order 2 Soil Phases of The soils in each delineation are 1:10,000 to 1.0 acre to
consociations, soil identified by transecting or traversing. 1:30,000 9.0 acres
associations, series Soil boundaries are plotted by observa-
and complexes tion and air photo interpretation and

verified at closely spaced intervals.

Order 3 Soil Phases of The soils in each delineation are 1:30,000 to 9.0 acres
associations soil identified by transecting, traversing and 1:80,000 64 acres
and some soil series and some observations. Boundaries are plotted
consociations soil by observation and air photo interpretation
and complexes families and verified by some observation.

Order 4 Soil Phases of The soils of delineations representative 1:60,000 to 36 acres to
associations soil of each map unit are identified and their 1:125,000 156 acres
with some families patterns and composition determined by
soil and soil transecting. Subsequent delineations are
consociations subgroups mapped by some traversing, by some obser-

vation, and by air photo interpretation
verified by occasional observations.
Boundaries are plotted by air photo
interpretations.

Order 5 Soil Phases of The soils, their patterns, and their com- 1:125,000 to 156 acres to
associations soil positions for each map unit are identi- 1:1,000,000 10,000 acres
subgroups, fied through mapping selected areas (15 (publication
S great to 25 sq miles) with Order | or 2 sur- scales)
groups, veys, or alternatively, by transecting.
suborders Subsequently, mapping is by widely spaced
and orders observations, or by air photo interpretation

with occasional verification by observation
or traversing.
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1Soil surveys of all Orders require maintenance of a soil handbook (legend, map unit descriptions, taxonomic unit descriptions, field notes,
interpretations) and review by correlation procedures of the National Cooperative Soil Survey. Work plans for many survey areas list more than one
order; the part to which each is applicable is delineated on a small scale map of the survey area. These criteria are after the report of ad hoc Committee 7,
Kinds of Soil Surveys, Proceedings National Soil Survey Conference, Jan. 1975, Orlando, Florida, Soil Conservation Service, and the report of
Committee |, Identifying Order 3 and 4 Soil Surveys, Western Regional Work Planning Conference for Soil Survey, National Cooperative Soil
Survey, Feb., 1980, San Diego, California. The criteria and definitions of this Appendix are proposed but not yet official policy of the National
Cooperative Soil Survey.

?Field procedure terms are used with meanings defined in Table 2 of this Appendix.

YThis minimum size delineation is the land area represented by the about minimum size area on a map sheet—at a given scale—within which a symbol
can be printed (a Y4-xY4-inch square or roughly circular delineation of 1/16 square inch area). Such small delineations can be shown legibly only when
isolated within much larger delineations. An exact map of intermingled polypedons which would show as minimum size delineations would be illegible;
either the scale would have to be considerably enlarged, or soil complexes or associations shown instead of soil consociations. Smaller than minimum
size delineations can be used with arrowed in symbols, or spor symbols can be used to locate isolated, very small, highly significant land areas.
4Order | soil surveys are made for purposes that require appraisal of the soil resources of areas as small as experimental plots and building sites.
Mapping scale could conceivably be as large as 1:1.

SAir photo interpretation is meant to include interpretation of any remotely sensed data available.





TABLE 2

DEFINITIONS OF TERMS USED TO DEFINE KINDS OF SOIL SURVEYS

. Soil Survey: A soil survey is a soil map and accompanying report which is based on field investigations and usually supported by air photo inter-

pretation.

. Soil Maps: Soil maps show the geographic distribution of different kinds of soil and their map units are named and defined by their component

soils. Soil maps are made for many different purposes.

Some objectives require refined distinctions among kinds of soil that occupy small homogeneous soil areas. Other uses require broad
perspective of the soils of large distinctive areas. Three kinds of soil maps are distinguished on the basis of the procedures that produced them.

2A. Soil Survey Map: Generated by field investigations with varying amounts of supporting information from photo interpretations.

2B. Generalized Soil Map: Produced by combining contiguous delineated areas of preexisting soil maps that were made by field procedures to
make larger delineations on a new map.

2C. Schematic Soil Map: This kind of soil map is made by predicting kinds of soils and the areas they occupy from existing information without
the benefit of preexisting soil survey maps or more than very limited field investigations.

. Transect: (1) The field procedure of crossing delineations or landscape units along selected lines to determine the pattern of polypedons with

respect to landforms, geologic formations or other observable features. Thus, visible or simply determinable features are related to soils, and soil
occurrence can be predicted locally from these features.

Transects require explicit documentation including: (1) a symbol locating the transect on and keying the documentation to a field sheet (e.g.,
“T-73™); (b) a planimetric sketch of the location of the transect within the delineation showing variations from a straight line, etc.; (c) a
cross-section diagram of the component soils, associated vegetation, landforms, geology, etc.; (d) a pedon description of each component soil; (e)
a statement of the landscape factor related to each soil boundary; and (f) the percentage soil component composition based on the entire transect
length. This document validates the composition of soil map units (particularly soil associations) and explicitly shows the mapping clues by which
additional delineations may be identified. Air photo interpretation is used during transecting.

(2) Identifying pedons at regularly spaced intervals (i.e., gridding).

Also, (3) a procedure of crossing delineations on selected or random lines, and identifying pedons at predetermined points for subsequent
formal or informal statistical evaluation to establish the composition and variability of a delineation or mapping unit.

. Traverse: Validation of the predicted boundaries or composition of a delineation by entering it or crossing it and identifying pedons at selected or

random positions.

A traverse requires that the significant horizons of each soil component in a delineation be examined physically by shovel or auger. For Order 3
and 4 surveys, the location of the examination should be shown by a symbol within the delineation drawn on the field sheet, and keyed to field
notes if notes are made. If all component soils of a delineation are not examined or the examination site is not located by a symbol the mapping
operation shall be considered an “observation.” Air photo interpretation is used during traversing.

. Observation: Visual checking of landscape features, exposed geological formations, or chance exposures of pedons from within or without a

delineation to project boundaries and composition from previously determined relations; air photos may be used as guides. This is a less intensive
operation than traversing.

Identification of component soils by observation uses air photo interpretation, but requires an on-ground view close enough that individual
shrubs, stones, and chance exposures of soil horizons can be seen clearly, i.e., closer thana few hundred yards. Air photo interpretation, or views
from aircraft are not “observations.” Examples of observations: seeing fragments of a petrocalcic, or a ditchbank exposure of an argillic horizon
from a pickup window. A two-foot high scarp that is known to separate soils, but is not visible on stereo air photos. Cobbles of limestone on a
hillside that are a clue for a particular soil. Indicator plants or changes in shrub height or density that is related to soil change. The sensation of
softer or firmer soil when walking across an area, and noting it is related to soil color and apparent texture. Salt efflorescences.

. Air Photo Interpretation: Plotting boundaries and estimating composition of delineations based on air photo features that have been related to

soils and landscape features. As the term is used here, air photo interpretation includes applicable remote sensing.

Airphoto interpretation is a strictly intellectual, second hand conclusion based on previous correlation of landscape features and photo
patterns to soils. In comparison, an “observation™ is a concrete, novel experience where many more landscape features are apparent and their
significance can be tested, than is possible with air photos, particualrly at scales appropriate for Order 3 and 4 mapping.

. Sampling: Taking physical samples from pedons or selected horizons for later laboratory or field analyses. The soil material is called a soil

specimen.

. Identification: (1) The systematic determination of the properties and features of a pedon (or pedons of a polypedon), including laboratory

analyses where needed, and subsequent keying through an established soil classification system to find the class(es) within which the pedon (or
polypedon) fits or in the absence of such a class(es), determination of status as a soil variant or soil taxadjunct. This operation concerns naming of
individual things from an existing classification.

Also, (2) the immediate perception (i.e., the gestalt) on viewing or brief examination of the class name of a pedon or polypedon.

. Classification: The conceptual grouping and separation of similar and dissimilar polypedons subsequent to examination of a large enough

number of these individuals to provide a more-or-less valid sample of a population of real soils in some geographic area. Although concepts from
existing classifications unavoidably guide examination and grouping, stress is placed on the properties of a real population of individuals,
whereas during identification, stress is on relating an individual to the classes of an existing classification. During soil mapping, classification-type
thinking is used to set up relatively few new soil series, or families, or phases, whereas identification-type thinking is used routinely for naming
numerous soil areas.

. Correlation: The field and office procedures of review by which the accuracy and appropriateness of taxonomic unit identification, map unit

design, mapping legends, field notes, pedon descriptions, and other soil survey operations are maintained.

. Delineation: A selected and differentiated portion of a landscape that contains a unique composition and pattern of soils and is identified by a

boundary ona map. The boundary of a delineation can be placed at the boundary of a polypedon identified by use of soil series-level differentia, or
at the boundary of a polypedon or contiguous polypedons identified by use of soil family (or higher)-level differentia, or at the boundary of a
landscape unit containing a describable pattern of soils or land types described at any categorical level.

. Map Unit: A map unit is a conceptual group of many delineations—but occasionally only one delineation—which represent very similar

landscape units comprised of the same kind of soil or miscellaneous land type, or two or more kinds of soils or miscellaneous land types. The map
unit definition, or description, names and identifies the soils or land types of the delineations by taxonomic units. Inclusions also should be
described if they have been identified. For soil associations and complexes, proportion and landscape pattern of components should be described.
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. Taxonomic Unit: A taxonomic unit is the complete identification of a soil or miscellaneous land type component of a map unit, hence of

delineations. Commonly a soil taxonomic unit consists of a class name from any categorical level of the Soil Taxonomy plus phase distinctions
such as slope class.

. Soil Consociation: A map unit in which only one identified soil component (pius allowable inclusions) occurs in each delineation. The term

consociation is needed to identify map units of only one identified component. It is manufactured from the element con (“opposed to™ or
“negative™)and the element sociate (fromassociation, “to join,” “to share,” “companion”) and means things which are single, nof a companion of
other things. The term has been used by plant ecologists to identify stands of single species as opposed to associations of several plant species.

. Soil Association: Definition as given in Soil Conservation Service Soil Survey Memorandum 66.

Alternative Unofficial Definition: A soil association is a map unit in which two or more named soil components occur in each delineation in
described proportions and pattern and the component soils can be located in the field by landscape features. The named components are
individually large enough to be delineated at a 1:20,000 scale.

. Soil Complex: Definition as given in Soil Conservation Service Soil Survey Memorandum 66.

Alternative Unofficial Definition: A soilcomplex is a map unit in which two or more named soil components or miscellaneous landtypes occur in
each delineation, the boundaries of which cannot be mapped at 1:20,000 scale, or the boundaries of the component soils cannot be accurately
plotted without closely spaced gridding since the soil boundaries cannot be correlated with visible landscape features.





APPENDIX II
GUIDE TO MAP SCALES AND MINIMUMS-SIZE DELINEATIONS

Order of Soil . Inches Minimum Size
Survey Map Map Scale per Mile Delineation!
acres hectares
1:500 126.7 0.0025 0.001
1:2,000 31.7 0.040 0.016
ORDER | 1:5,000 12.7 0.25 0.10
1:7,920 8.0 0.62 0.25
1:10,000 6.34 1.00 0.41
1:15,840 4.00 2.5 1.0
ORDER 2 1:20,000 3.17 4.0 1.6
1:24,000 (7.5) 2.64 5.7 23
1:30,000 2.11 9.0 3.6
1:31,680 2.00 10.0 4.1
ORDER 3 1:60,000 1.05 36 4.5
1:62,500 (15%) 1.01 39 15.8
ORDER 4 1:63,360 1.00 40 16.2
1:80,000 0.79 64 25.8
" 1:100,000 0.63 100 40
1:125,000 0.51 156 63
1:250,000 0.25 623 252
ORDER 5 1:500,000 0.127 2,500 1,000
1:750,000 0.084 5,600 2,270
1:1,000,000 0.063 10,000 4,000
Very 1:7,500,000 0.0084 560,000 227,000
Generalized 1:15,000,000 0.0042 2,240,000 907,000
Soil Maps 1:88,000,000 0.0007 77,000,000 31,200,000

'The minimum size delineation is taken as a '4-xY-inch square or circular area of 1/16 sq. in. area. Cartographically, this is about the smallest area in
which a symbol can be printed readily. Smaller areas can be delineated and the symbol lined in from outside, but such very small delineations drastically
reduce map legibility. Minimum size delineations must occur as isolated areas within much larger delineations for good map legibility. A map
composed of largely minimum size delineations is illegible and impractical. Such a map can be reprinted at larger scale, or redrafted with adjacent
delineations combined into larger delineations (i.e., more generalized map units such as soil complexes and soil associations) for improved legibility.
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The terms in this glossary are defined only
Sfor the context of intermontane basins.

Aggradation—The building of a floodplain by sediment
deposition; the filling of a depression or drainageway
with sediment; the building of a fan by deposition of an
alluvial mantle. ,

Alluvial—Pertaining to processes or materials associated
with transportation or deposition by running water.
Alluvial fan—A semiconical, or fan-shaped, construc-
tional, major landform that is built of more-or-less
stratified alluvium, with or without debris flow depos-
its, that occurs on the upper margin of a piedmont
slope, and that has its apex at a point source of alluvi-
um debouching from a mountain valley into an inter-
montane basin. Also, a generic term for like forms in

various other landscapes.

Alluvial flat—A nearly level, graded, alluvial surface be-
tween the piedmont slope and playa of a bolson or the
axial-stream floodplain of a semi-bolson. This major
landform may include both recent and relict com-
ponents.

Alluvial plain—A major landform of some basin floors,
comprised of the floodplain of a major Pleistocene
stream that crossed the floor, or of a low gradient
fan-delta built by such a stream. It is distinguished
from an alluvial flat by its relatively well sorted and
stratified alluvium.

Arroyo valley—A small valley tributary to a major desert
stream valley.

Association—See soil associationin Appendix I, Table 2.

Backslope—The slope component that is the steepest,
straight then concave, or merely concave middle por-
tion of an erosional slope.

Ballena—(pronounced by-een-a) A major landform
comprising distinctively round topped ridgeline rem-
nants of fan alluvium. The ridge’s broadly rounded
shoulders meet from either side to form a narrow crest
and merge smoothly with the concave backslopes. In
ideal examples, the slightly concave footslopes of adja-
cent ballenas merge to"form a smoothly rounded
drainageway.

Bar—( Offshore and barrier bars) A component landform
comprised of elongate, commonly curving, low ridges
of well sorted sand and gravel that stand above the
general level of a bolson floor and were built by the
wave action of a Pleistocene lake.

Basin—A loose abbreviation for intermontane basin,
bolson, or semi-bolson. Also, an area of centripetal
drainage or a structural depression.

Basin floor—A generic term for the nearly level, lower-
most major physiographic part of intermontane ba-
sins, i.e., of both bolsons and semi-bolsons. The floor
includes all of the alluvial, eolian, and erosional land-
forms below the piedmont slope.

Basin-floor remnant—A flattish topped, erosional rem-
nant of any former landform of a basin floor that has
been dissected following the incision of an axial
stream.

Beach—A generic term for offshort bars, barrier bars,
and beach terraces.

Beach plain—A major landform of bolson floors com-
prised of numerous, closely spaced offshore bars and
intervening lagoons built by a receding Pleistocene
lake.

Beach terrace—A component landform occurring on the
lower piedmont slope that consists of a wave-cut scarp
and a wave-built terrace of well sorted sand and gravel
marking a still-stand of a Pleistocene lake.

Bolson—A specific identification for an internally
drained intermontane basin.

Bolson floor— A specific identification for the floor of a
bolson as compared with a semi-bolson floor.

Bypassed—The situation of a fan or pediment surface
that once had sediment spread across it by ephemeral
washes, but that is now protected from surficial stream
erosion or alluviation because the drainageways cross-
ing it are now incised.

Channel—The bed of a single or braided watercourse
that commonly is barren of vegetation and is formed of
modern alluvium. Channels may be enclosed by banks
or splayed across and slightly mounded above a fan
surface and include bars and dumps of cobbles and
stones. Channels, excepting floodplain playas, are
landform elements.

Component landforms—Commonly small landforms
that compose part of the area of a major landform and
were created by partial dissection of, or by alluvial or
eolian accretion on that larger, major landform. Com-
ponent landforms are about the smallest landforms
that can be usefully conceived of as a single unit. Their
morphological parts are landform elements, and the
sideslope element may be subdivided into slope
components.

Consociation—See soil consociation in Appendix I, Ta-
ble 2.

Crest—The slope component that is the very narrow,
commonly linear top of an erosional ridge, hill, moun-
tain, etc., cf., summit.

Debris flow—The rapid mass movement of a dense, vis-
cous mixture of rock fragments, fine earth, water, and
entrapped air that almost always follows a heavy rain.
A mudflow is a debris flow that has dominately sand
size or smaller particles.

Delineation—See delineation in Appendix I, Table 2.

Desert stream valley—The valley of a perennial stream
that is fed from mountain sources and is erosionally-
cut through several desertic semi-bolsons.

Dissection—The partial erosional destruction of a land
surface or landform by gully, arroyo, canyon, or valley
cutting leaving flattish remnants, or ridges, or hills, or
mountains separated by drainageways.

Erosion balloon—A metaphorical term for commonly
obovately shaped, eroded sideslope areas that normal-
ly empty into an incised drainageway and are sur-
rounded by noneroded sideslopes.

Fan—A generic term for constructional landforms that
are built of more-or-less stratified alluvium and that
occur on the piedmont slope, downslope from their
source of alluvium.





Fan apron—A component landform comprised of a
sheet-like mantle of relatively young alluvium covering
part of an older fan.piedmont (and occasionally allu-
vial fan) surface. It somewhere buries a pedogenic soil
which can be traced to the edge of the fan apron where
the soil emerges as the land surface, or relict soil. No
buried soils should occur within a fan-apron mantle;
rather, they separate mgntles.

Fanlette— A very small, normally undissected alluvial
fan, something less than a few tenths of a square mile in
area that may occur below a gully, inset fan, or ravine
in a variety of positions on the piedmont slope or
within mountain valleys.

Fan collar—A component landform comprised of a thin,
short, relatively young mantle of alluvium along the
very upper margin of a major alluvial fan at a moun-
tain front. The mantle somewhere buries a pedogenic
soil that can be traced to the edge of the fan collar
where it emerges.as the land surface, or relict soil.

Fan-head trench— A relatively deep drainageway origi-
nating in a mountain valley and cut into the apex of,
and commonly across an alluvial fan. It may empty
intoan interfan-valley drainageway, debouch onto the
fan piedmont, or cross the fan piedmont.

Fan piedmont—The most extensive major landform of
most piedmont slopes, formed by the lateral coales-
cence of mountain-front alluvial fans downslope into
one generally smooth slope without the transverse un-
dulations of the semi-conical alluvial fans and by ac-
cretion of fan aprons. Fan piedmonts commonly are
complexes of many component landforms.

Fan skirt— A major landform comprised of laterally co-
alescing, small alluvial fans that issue from gullies cut
into, or are extensions of inset fans of the fan piedmont
and that merge along their toeslopes with the basin
floor. Fan skirts are smooth or only slightly dissected
and ordinarily do not comprise component landforms.

Fan remnant—A generic term for component landforms
that are the remaining parts of various older fan land-
forms that either have been dissected (erosional fan
remnants) or partially buried (nonburied fan rem-
nants). Erosional fan rémnants must have a flattish
summit of relict fan surface; nonburied fan remnants
are all relict fan surface. Fan remnants may be specifi-
cally identified as fan-piedmont remnants, inset-fan
remnants, etc.

Fan-remnant sideslope—A landform element comprised
of the relatively young erosional slope around the sides
of an erosional fan remnant. It is composed of
shoulder, backslope, and footslope slope components.

Floodplain—The transversely level floor of the axial-
stream drainageway of a semi-bolson or of a major
desert stream valley that is occasionally or regularly
alluviated by the stream overflowing its channel during
flood.

Floodplain playa— A component landform consisting of
very low gradient, broad, barren, axial-stream channel
segments in an intermontane basin. It floods broadly
and shallowly and is veneered with barren fine textured
sediments that crusts. Commonly, a floodplain playa is
segmented by transverse, narrow bands of vegetation,
and it may alternate with ordinary, narrow or braided
channel segments.

Floor—A generic term for the nearly level, lower part of
an intermontane basin (a bolson or semi-bolson) or a
major desert stream valley.

Footslope—The relatively gently sloping, slightly con-
cave slope component of an erosional slope that is at
the base of the backslope component; syn: pediment.

Fluve—A linear depression, rill, gully, arroyo, canyon,
valley, etc., of any size, along which flows at some time,
a drainageway.

Geomorphic surface—A mappable area of the land sur-
face formed duringa defined time period by deposition
or erosion (or both, in different parts) of at least a
thickness of material sufficient toaccommodate a pedo-
genic soil. Its age (i.e., period of formation) ordinarily
is defined by relations to other geomorphic surfaces, or
by the soils or sediments that form or underlie the
surface.

Headslope—See sideslope.

Hill— A highland mass that rises less than 1,000 feet (300
meters) above its surrounding lowlands and has merely
a crest or restricted summit area (relative to a mesa).

Inset fan— A special case of the floodplain of a common-
ly ephemeral stream that is confined between fan rem-
nants, basin-floor remnants, ballenas, or closely op-
posed fan toeslopes. Its transversely-level cross seciton
is evidence of alluviation of a fluve. It must be wide
enough that raw channels cover only a fraction of this
component landform’s surface.

Interfan-valley drainageway—A drainageway or drain-
age system rising as onfan drainageways that combine
to form a trunk drainageway down the axis of an
interfan valley, i.e., down the topographic low between
two adjacent mountain-front alluvial fans. Fanhead
trenches may empty into interfan-valley drainageways.
The latter may debouch onto or cross the fan
piedmont.

Interfluve-—The elevated area between two fluves (drain-
ageways) that sheds water to them.

Intermontane basin—A generic term for wide structural
depressions between mountain ranges that are partly
filled with alluvium and are called “valleys” in the
vernacular. Intermontane basins may be drained in-
ternally (bolsons) or externally (semi-bolson).

Intramontane basin—A relatively small structural de-
pression within a mountain range that is partly filled
with alluvium and commonly drains externally through
a narrower mountain valley.

Lagoon—A metaphorical term for the ponding area be-
hind a Pleistocene offshore or barrier bar (beaches)
that collects fine textured sediments.

Landform—A three dimensional part of the land surface,
formed of soil, sediment, or rock that is distinctive
because of its shape, that is significant for land use or to
landscape genesis, that repeats in various landscapes,
and that also has a fairly consistent position relative to
surrounding landforms.

Landform element—A morphological part of a compo-
nent landform. Sideslope landform elements may be
divided into slope components.

Lake plain—A major landform of some bolson floors
that is built of the nearly level, fine textured, stratified,
bottom sediments of a Pleistocene lake.
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Lake-plain terrace—A somewhat elevated portion and
component landform of a lake plain.

Major landform—A subdivision of the piedmont slope
or basin floor major physiographic parts that reflects a
major morphogenetic process operating through a
long time, or that is the prominent result of a special
erosional or depositional history. Many major land-
forms are dissected and their original area now is occu-
pied by component landforms.

Major physiographic part—A geographically very large
part of an intermontane basin characterized by its
dominant slope and position (i.e., steeply sloping
mountains that stand above less-sloping piedmont
slopes, that in turn grade to nearly level basin floors,
and that is comprised of major landforms.

Mountain—A highland mass that rises more than 1,000
feet (300 meters) above its surrounding lowlands and
has merely a crest or restricted summit area (relative to
a plateau).

Mountain-valley fan—A major landform created by al-
luvial filling of a mountain valley or intramontane
basin by coalescent valley-sideslope fans whose toe-
slopes meet from either side of the valley along an axial
drainageway. It is an extension of the upper piedmont
slope into mountain valleys. Most mountain-valley
fans have been dissected.

Noseslope—sce sideslope.

On-fan drainageway— A drainageway or dendritic drain-
age system that rises on an alluvial fan, fan piedmont,
or fan remnant and that may debouch on the fan
piedmont or cross it.

Parna dune—An eolian dune built of sand size aggre-
gates of clayey material that commonly occurs leeward
of a playa.

Partial ballena— A spur, with a fully rounded crest, that
is connected to an erosional fan remnant large enough
that some relict fan surface is preserved on the remnant
summit (cf., ballena).

Pediment—The foetslope component of an erosional
slope; geomorphologically “. . . anerosion surface that
lies at the foot of a receded slope, with underlying rocks
or sediments that also uinderlie the upland, which is
barren or mantled with sediment, and which normally
has a concave upward profile. . . .” (Ruhe, 1975).

Pedisediment—A layer of sediment, eroded from the
shoulder and backslope of an erosional slope, that lies
on and is, or was, being transported across a pediment
(footslope).

Pedogenic soil-—see footnote 38.

Physiographic position—The location of a soil or other
landscape feature by reference to landforms.

Piedmont—A general slope rising to mountains.

Piedmont slope—A major physiographic part of an in-
termontane basin that comprises all of the construc-
tional and erosional, major and component landforms
from the basin floor to the mountain front and on into
alluvium-filled mountain valleys.

Plain—A flat, undulating, or even rolling area, larger or
smaller, that includes few prominent hills or valleys,
that usually is at low elevation in reference to sur-
rounding areas, and that may have considerable over-
all slope and local relief (A.G.1., 1972).

Playa— An ephemerally flooded, barren area on a basin
floor that is veneered with fine textured sediment and
acts as a temporary or the final sink for drainage water.

Provenance—For sediment, the source area or source
bedrock or source sediments.

Relict—Old, remaining from previous times; in the pres-
ent context, Pleistocene.

Remnant— A remaining part of some larger landform or
of a land surface that has been dissected or partially
buried.

Ridgeline remnant— A narrow ridge with a fully rounded
crest that is accordant with the crests of similar nearby
ridges. Together these accordant crests approximately
mark the position of a preexisting land surface that has
been destroyed by dissection.

Rock-pediment notch—A very narrow rock pediment, or
footslope, along the base of a bedrock hill or mountain
slope.

Sand dune—An eolian dune and landform element built
of sand size mineral particles. Dunes commonly occur
on the leeward side of a Pleistocene lake bed.

Semi-bolson— A specificidentification for an externally-
drained intermontane basin.

Semi-bolson floor— A specific identification for the floor
of a semi-bolson as compared with a bolson floor.

Shoulder—The convex slope component at the top of an
erosional sideslope.

Sideslope—The erosional slope around the sides of an
erosional fan remnant, hill, ballena, mountain, etc.,
that is composed of shoulder, backslope, footslope,
and perhaps toeslope components. Also, the planimet-
rically-linear portions of the slopes around a digitately-
dissected fan remnant or hill, etc., as compared with
the planimetrically-convex noseslope and concave
headslope portions.

Slope component— A morphological element of an ero-
sional slope and a morphological subsidivision of the
sideslope landform element.

Stream terrace—A transversely level erosional remnant
of a former axial stream or major desert stream flood-
plain that slopes in the same direction as the adjacent,
incised stream, and is underlain by well sorted and
stratified sand and gravel or by loamy or clayey
sediments.

Summit—The flattish top of an erosional fan remnant,
hill, mountain, etc. The term is used for both a land-
form element and a slope component.

Terrace—In the vernacular, any part of a general slope
that stands above a short, steep scarpand hasa flattish,
nearly level or gently sloping summit. It may have
another short scarp above the summit, syn. bench.
These two terms should not be used for fan or basin-
floor remnants.

Toeslope—The lowermost portion of the footslope com-
ponent of an erosional slope. It is distinguished from
the upper footslope by a greater accumulation of pedi-
sediment. Also, the lowermost, most gently sloping
portion of any slope.

Valley—An elongated depression cut by stream erosion
and associated water erosion on its sideslopes (stream
valley). Also used in the vernacular for intermontane
and intramontane basins.










DIVISION S-5—SOIL GENESIS, MORPHOLOGY
& CLASSIFICATION

The Soil Survey as Paradigm-based Science

Berman D. Hudson*

ABSTRACT

Thomas S. Kuhn developed the paradigm theory of science. The
soil survey is an example of paradigm-based science. The soil~land-
scape model, on which the soil survey is based, is an operative par-
adigm. An extreme reliance on tacit knowledge, the knowledge gained
by experience, creates serious inefficiencies, both in learning the soil-
landscape paradigm and in disseminating the information resulting
from its application. This article introduces concepts important to
understanding paradigm theory and the nature of tacit knowledge.
Among these are elements of Gestalt psychology, the theory of natural
families, maps as conveyors of knowledge, and the linguistic nature
of human perception. Students and field soil scientists should be pro-
vided explicit instruction concerning the paradigm on which soil map-
ping and interpretation are hased. I also recommend that more of the
soil geographic relationships discovered while making detailed soil
maps be described and published so that the knowledge can be com-
municated to others.

HE TERM paradigm and the phrase paradigm shift
have been used with increasing frequency. These
words refer to ideas first put forth by physicist-phi-
losopher Thomas S. Kuhn (1962, 1970). The term
paradigm, as conceived by Kuhn, refers to a broad
explanatory concept that provides a foundation and
structure for an entire field of scientific inquiry. Kuhn
proposed a new model for the way progress is made
in a scientific field, arguing that a guiding paradigm
is a prerequisite to significant progress. Kuhn’s theory
of paradigm-based science was a radical challenge to
the conventional thinking of his time. Kuhn explained
his theory in exhaustive detail and supported it with
numerous examples from the physical sciences. The
following is only a brief summary of his work.

The former view of scientific progress assumed a
gradual, uninterrupted accumulation of knowledge and
understanding (Kuhn, 1970). Science was seen as a
slow, inexorable march forward, with each generation
adding marginally to the information it inherited and
then passing on the slightly larger total to the next
generation. Kuhn rejected this view. He argued that
science is not entirely a slow, methodical process.
Instead, Kuhn asserted, cumulative scientific progress
is interrupted periodically by episodes of intense con-
flict between supporters of competing paradigms.

Paradigms and human perception are intricately re-
lated. A paradigm determines, to a large extent, how
a scientist views the world. It often is necessary, how-
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ever, for a scientist to change the was he or she views
certain aspects of the world in order to learn a para-
digm. Since concepts relating to human perception are
so important to understanding paradigms, several per-
tinent topics from psychology and philosophy will be
introduced. These include the concepts of tacit knowl-
edge (Polanyi, 1966), natural families (Wittgenstein,
1976), gestalt shifts (Kohler, 1980), and Hanson’s
(1969, p. 108 and 124-146) concepts of ‘“seeing.””
These topics are especially important in understanding
how Kuhn’s paradigm theory can be applied to the
soil survey.

KUHN’S PARADIGM THEORY

Kuhn (1970) stated that a paradigm is based on “*
... one or more past scientific achievements that some
particular scientific community acknowledges for a
time as supplying the foundation for its further prac-
tice.”” He went on to specify two essential character-
istics of a successful paradigm. First, the paradigm
should be capable of capturing the imagination of a
group of scientists and attracting them away from
competing modes of scientific activity. Second, it should
be nonspecific and open-ended enough to leave many
interesting problems for practitioners to solve.

Preparadigm Science

Kuhn asserted that, in the absence of a paradigm,
all facts that could pertain to an area of study are likely
to seem equally relevant. As a result, scientific prac-
tice tends to be a nearly random activity. Perhaps the
best-documented example (Kuhn, 1970; Shapiro, 1987)
of preparadigm science is that of the 19th century
physician Ignaz Semmelweis and his search for the
cause of childbed or puerperal fever. In the 19th cen-
tury, a large percentage of women in hospitals died
horribly of childbed fever — a massive infection fol-
Jowing childbirth. Knowing nothing of the germ the-
ory of disease, Semmelweis was forced to rely on trial
and error. Aside from the contention that the illness
was caused by ““cosmic—telluric’” influences, medical
science of the day had no theories to offer. Among
other possible causes, Semmelweis assessed the psy-
chological effect of priests passing through the wards
to give last rites to dead patients and whether women
lay on their back or sides while giving birth. He even-
tually noted that patients attended by medical students
had a much higher mortality rate than those attended
by midwives. It was common practice in the hospital
for medical students to go to the wards and examine
women after a morning session conducting autopsies.
When a colleague died of symptoms similar to childbed
fever after sticking himself with a needle during an
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autopsy, Semmelweis saw a possible connection. Per-
haps students were transmitting some harmful sub-
stance from the cadavers to the women they examined.
To test this, he mandated that students clean their
hands thoroughly following autopsies. As a result the
incidence of childbed fever declined dramatically.
Semmelweis did not understand why his solution
worked. The explanation was provided by Pasteur,
with his germ theory of disease, which gave a reason
for doctors to be clean.

A less dramatic, but simpler, example of prepara-
digm science is the effort of medieval alchemists to
turn base metals into gold. These researchers operated
with no guiding paradigm — or one which was ex-
tremely simplistic. They knew nothing about the atomic
structure of matter and very little about the properties
of metals. Their ““research’” consisted of trying every-
thing possible that came to mind. It is interesting to
note that these endeavors, carried out with no effective
paradigm, are not even considered science by most
people.

Paradigm-based Science

Kuhn (1970) contended that, in order for a scientific
field to make substantive progress, a dominant guid-
ing concept or paradigm must eventually arise. A par-
adigm enables a group of scientists to focus its efforts
on a narrow range of problems. When they can take
a paradigm for granted, scientists no longer need to
explain the meaning of each concept used. Further-
more, they are not required to justify their field anew
in each major work. Instead, they can concentrate with
confidence on the esoteric problems that the paradigm
and existing knowledge define for them. A paradigm
enables the scientific community to reach a consensus
concerning which problems are important and which
techniques to solve them are appropriate.

A paradigm provides the practitioners of a mature
specialty with an ordered view of what the world and
their science are like. It does not have to answer all
of the outstanding questions in a field in order to be
accepted by a scientific community. Instead, as Kuhn
demonstrated with numerous examples, a scientific
community need only make an intuitive judgment that
the paradigm will lead them in the right direction.

Kuhn (1970) argued convincingly that modern sci-
entists, especially in the natural and physical sciences,
are specifically trained for paradigm-based research
— or what he referred to as “‘normal science’” or
““puzzle-solving.”” In fact, few practicing scientists
are aware that there is any other kind of science. Such
individuals are fortunate; working in a field with a
successful paradigm can be extremely rewarding and
productive. Failures are rare. Scientists practicing nor-
mal science or puzzle-solving under the auspices of a
paradigm are comfortable in the knowledge that, with
proper skill and ingenuity, they can solve a puzzle
that no one has solved before. Furthermore, they are
practically assured of getting meaningful and publish-
able results. A particularly striking example of para-
digm-based science as puzzle-solving is the factorial
field plot experiment common in agronomy.

Kuhn (1970) pointed out that, in normal or para-
digm-based science, attention is focused on a narrow

range of esoteric problems. This both enables and forces
the scientist to investigate narrow problems in detail
that would be impossible without a paradigm. An op-
erative paradigm makes it possible for a science to
move fast and penetrate deeply into the field under
study. The astounding progress of many scientific dis-
ciplines has been made possible by interactive com-
munities of practitioners united under a common
paradigm.

Scientific Revolution

Kuhn (1970) cited numerous cases in which the
kind of intense study made possible by a paradigm
actually brought about its downfall. As research con-
tinues, more and more facts can be uncovered that
simply do not fit into the overall conceptual frame-
work. Some anomalies can be accommodated by
slightly adjusting the original paradigm. However,
others are impossible to reconcile. Notwithstanding
attempts to resolve them, they become more obvious
and disturbing. The operating paradigm itself can be
threatened. Unresolved anomalies can increase until
the ruling paradigm breaks down and is replaced. When
this occurs, the scientists soon regroup, resume nor-
mal science with the new paradigm, and begin to make
progress again. The confidence and hope of individual
scientists are renewed.

THE SOIL-LANDSCAPE PARADIGM

Trained soil scientists can delineate bodies of soil
accurately on the landscape by directly examining less
than one-thousandth of the soil below the surface. They
can do this because of the validity of the soil-land-
scape model. A powerful paradigm, it enables soil
scientists to make very accurate predictions about their
world. The soil-landscape paradigm has its origin in
the soil factor equation outlined by Dokuchaeiv (Glinka,
1927) and Hilgard (Jenny, 1961). This well-known
equation identifies the five factors of soil formation.
Soil is characterized as a function of parent material,
climate, organisms, relief, and time. The equation im-
plies that, by looking for changes in one or more of
these factors as the landscape is traversed, one can
accurately locate boundaries between different bodies
of soil.

The original soil factor equation is itself a powerful
paradigm. It meets the two requirements outlined by
Kuhn. First, the idea implicit in its formulation at-
tracted a large number of adherents, who were in-
trigued by its promise. They were excited by the idea
that this apparently simple concept could be used as
the basis for accurately locating soil boundaries and
delineating bodies of soil anywhere in the world. This
was a compelling idea.

Because it lacked specifics, the soil factor equation
met Kuhn’s second criterion for a successful para-
digm. It simply is a general statement implying that
soils are natural bodies that are distributed in a pre-
dictable way and in response to a systematic interac-
tion of environmental factors. There are no details.
Nothing is stated, for example, about the mechanics
of how soils vary, or which properties vary in different
climates. Lacking specificity, it pointed the way to a
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wide variety of interesting problems for practitioners
to solve.

Jenny spent much time and effort validating the soil
factor equation. He developed statistical correlations
relating soil properties to the individual factors of soil
formation. For example, in a transect from west to
east in the USA, he demonstrated that the N content
of the soil surface layer increased linearly as rainfall
increased (Jenny and Leonard, 1934). He and his fol-
lowers discovered many such relationships. Variation
in different soil properties were soon related to changes
in all of the soil-forming factors. This work, culmi-
nating in Jenny’s book on the factors of soil formation
(Jenny, 1941) provided experimental validation of the
soil factor equation. However, this work merely af-
firmed and added detail to the original soil factor
equation. It did not modify the original paradigm or
develop it further.

Since its introduction more than 90 yr ago and its
subsequent validation by Jenny and his coworkers, the
soil factor equation has served as a general model of
soil geography. It leads to the inference that soils are
organized, mappable bodies. A large organized pro-
gram of normal science or puzzle-solving has taken
place under the general direction of this initial para-
digm. This organized program, the U.S. soil survey,
has been in existence now for nearly a century.

The soil-landscape model has now become the
guiding paradigm for soil survey in the USA. This
more specific and more deterministic paradigm evolved
from the original soil factor equation during decades
of puzzle-solving by field soil scientists. Until re-
cently (Hudson, 1990), however, the paradigm had
not been written down. Instead, each new soil mapper
had to learn it by trial and error.

To understand the soil-landscape paradigm, one must
break faith with a widely espoused tenet of soil sci-
ence: the idea that soil is a continuum on the land-
scape. Soil does behave as a continuum within short
distances. However, it is characterized by frequent,
often abrupt discontinuities that can be discerned by
trained observers. The term discontinuity, as used here,
refers to a boundary area on the landscape in which
one or more of the soil-forming factors changes rap-
idly within a short lateral distance. A concomitant
change in soil properties typically occurs at the same
zone and within the same lateral distance. These ab-
rupt soil changes at observable discontinuities make
soil mapping a practical enterprise.

Understanding the soil-landscape paradigm also re-
quires that one understand the concept of soil-land-
scape units. These are natural terrains resulting from
the interaction of the same five factors conventionally
cited in the functional equation for soil formation. A
soil-landscape unit has a recognizable form and shape
of the surface of the earth. It is similar to a landform,
but is more narrowly defined. For example, two areas
could be identified as slopes, and thus would be the
same landform. However, the soil on a south aspect
might be significantly different from the soil on a north
aspect. Therefore, at least two soil-landscape units
would be recognized within this landform. A soil-
landscape unit can be thought of as a landform further
modified by one or more of the soil-forming factors.

(For a discussion of landforms, see Hawley and Par-
son, 1980.) The main elements of the soil-landscape
paradigm stated below are paraphrased from Hudson
(1990).

SUMMARY OF THE SOIL-LANDSCAPE
PARADIGM

1. Within a soil-landscape unit, the five factors of
soil formation interact in a distinctive manner. As a
result, all areas of the same soil-landscape unit de-
velop the same kind of soil. In a given soil survey
area, there is a relatively small number of different
soil-landscape units. Individual areas of each unit oc-
cur again and again.

2. Generally, the more different conterminous areas
of two soil-landscape units are, the more abrupt and
striking the discontinuity separating them. An exam-
ple is the boundary between a steep backslope and a
gently sloping alluvial fan at its base. Conversely, the
more similar conterminous areas of two soil-land-
scape units are, the less striking the discontinuity sep-
arating them tends to be.

3. Generally, the more similar two landscape units
are, the more similar their associated soils tend to be.
Conversely, very dissimilar landscape units tend to
have very dissimilar soils.

4. Adjacent areas of different soil-landscape units
have a predictable spatial relationship one to another.
For example, one area will always be located above
another on the landscape, or between another and a
stream.

5. Once the relationships among soils and landscape
units have been determined for an area, the soil cover
can be inferred by identifying the characteristic soil-
landscape unit. The soil is examined directly only as
needed to validate this relationship.

The soil-landscape paradigm makes soil mapping
possible because of observable discontinuities be-
tween conterminous areas of different soil-landscape
units. Conterminous soils that are distinctly different
tend to be on distinctly different soil-landscape units
separated by abrupt discontinuities. As a general prin-
ciple, the more different two conterminous areas of
soil are, the easier it is to locate the boundary between
them accurately and precisely. This is a fortuitous re-
lationship. Because of it, conterminous areas of soil
that are the most different generally can be separated
most accurately and precisely in mapping.

THE ROLE OF TACIT KNOWLEDGE

The soil-landscape model is a very successful par-
adigm. It has captured the imagination and allegiance
of a large number of practitioners, and is the driving
force behind a large, enduring technical program. The
National Cooperative Soil Survey program, using the
soil-landscape paradigm, has prepared detailed soil
maps on more than 600 million ha in the USA. There
is an increasing demand for these maps and the soils
information that accompanies them. Notwithstanding
its success and power, the soil-landscape model has
one major weakness — an extreme reliance on tacit
knowledge. Tacit knowledge refers to information and
techniques learned through experience. The role of
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tacit knowledge in the soil survey and the problems
associated with it are evaluated below.

Polanyi (1966) argued brilliantly that much of a
scientist’s success depends on tacit knowledge ac-
quired through practice. His thesis proceeds from the
simple premise that ‘“we can know more than we can
tell.”” For example, each of us can recognize a per-
son’s face, even among thousands of faces. However,
none of us can explain how we distinguish one face
from a thousand others. Those who have acquired tacit
knowledge rarely are able to explain it to anyone else.
Furthermore, they usually are unable to explicitly state
the rationale behind decisions that are made using tacit
knowledge. Medicine often is referred to as the ““art™
of healing. Many describe soil mapping as an art.
Kuhn and Polanyi would argue that such ““arts” ac-
tually are sciences based on a large reservoir of tacit
knowledge. Applying the soil-landscape paradigm is
almost totally dependent on the acquisition of tacit
knowledge. Two concepts of human perception that
are critical to this process are gestalt shifts and the
recognition of natural families.

Gestalt Shifts

The ideas given here are based on an application of
concepts advanced by Kuhn (1970) and Hanson (1969)
to the mental process of mapping soils. To the un-
trained eye, the landscape is a dimly perceived back-
drop for objects of more interest, such as trees, animals,
or humans. In order to recognize and delineate soil
bodies, beginning soil scientists first must learn to see
the landscape as an entity unto itself. Then they must
learn to recognize distinct soil-landscape units. This
requires them to mentally carve the landscape up into
facets and to visualize interactions and processes af-
fecting the landscape and its facets. To accomplish
these conceptual tasks, a soil scientist must learn to
see the physical world in a new way. The formerly
indistinct landscape must “‘shift’” and then take on a
new appearance. Most soil scientists make this con-
ceptual shift after only a short time in the field. After
this happens they are incapable of looking at a land-
scape without mentally breaking it up into distinct
facets. Furthermore, they cannot even remember how
landscapes appeared prior to the conceptual shift.

The process described above is analogous to the
visual phenomenon commonly referred to as a gestalt
shift. This refers to the reversible-perspective figures
that appear in textbooks of Gestalt psychology (Koh-
ler, 1980). A well-known example is the picture that
at first glance looks like a young woman. However,
as one stares at the picture, it seems to ““shift”” and
change into an old woman. Kuhn draws an analogy
between simple visual gestalt shifts and the kind of
change in perception experienced by field soil scien-
tists.

One cannot simply choose to experience a gestalt
or conceptual shift (Kuhn, 1970). Instead, it is some-
thing that ““seizes’” one. For example, Pearce (1971)
tells of a mathematics student in the final years of his
doctoral studies in topology. After years of study, the
student suddenly was ‘‘seized and changed” by the
concepts of topology. According to Pearce, ““The

structure of his mind, and his resulting world, were
never again the same as that of nonmathematicians.”

Natural Families

After learning to recognize and delineate soil-land-
scape units, a more difficult task lies ahead. Soil sci-
entists then must learn to place a large number of soil
delineations into a much smaller number of similarity
groups, or map units. In terms of human perception,
they must learn to group soil delineations into what
Wittgenstein (1976) calls ‘“natural families.”” Follow-
ing is a brief discussion of this concept.

Philosophers have asked, ‘“What must one know in
order to apply terms like dog or leaf or dance to ob-
jects or activities without disagreement among ob-
servers?”” This kind of question is very old. It has
been answered in the past by asserting that we must
know consciously or intuitively all of the character-
istics of a dog, or a leaf, or a dance (Wittgenstein,
1976). However, Wittgenstein disagreed. Considering
the way we use language and the nature of the world
to which we apply it, he reasoned that no such set of
characteristics need exist. Instead, by recognizing only
some of the attributes shared by some dances, or dogs,
or leaves we are able to use the corresponding term.
However, there is no set of characteristics that is si-
multaneously applicable to all members of the class:
and only to them. Instead, when observing an activity,
we might apply the term dance because what we see
bears a close ‘“family resemblance’ to a number of
activities that, through experience, we have learned to
call by that name.

Throughout life one learns to recognize many nat-
ural families and identify them quickly because there
is “‘perceptual space’” around them. This learning is
almost entirely by trial and error. One rarely sits down
with a child and says, “These are the characteristics
that distinguish a joke,’” or ““When you see an activity
with these characteristics, it is a dance,’” and so on.
Instead, each of us learns to recognize most of the
things and activities we see and to group them into
natural families through experience.

Natural families of soil delineations that can be in-
terpreted similarly are the ultimate and elusive goal
of soil mapping and classification. Achieving this goal
represents an especially difficult conceptual task. The
main difficulty arises from the fact that learning to do
it is an iterative, trial-and-error process. One must
learn to group soil delineations by recognizing and
comparing only some of the attributes they share. Re-
cognizing soil-landscape units and grouping them into
natural families require the acquisition of a large amount
of tacit knowledge.

IMPLICATIONS OF TACIT KNOWLEDGE
Knowledge and Linguistics

In the process of learning to recognize and delineate
soil-landscape units and group them into natural fam-
ilies, one intuitively learns the main concepts of the
soil-landscape paradigm. However, despite the fact
that this paradigm has been the basis for a large tech-
nical program for many years, it has not been explic-
itly stated or written in any soils text or technical
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document. The concepts of the paradigm have resided
mostly in the minds of perceptive, experienced soil
geographers, who use them regularly in their work.
However, very few of them can express the concepts
verbally. This is because they acquired them as this
author did, intuitively or tacitly. The concepts of the
paradigm were internalized by observing the relation-
ships between soils and landscapes day after day in
different areas. The fact that the soil-landscape par-
adigm has been used for decades and yet has not been
expressed linguistically is a strong indication of its
tacit nature.

An almost exclusive reliance on tacit knowledge to
impart a paradigm is extremely inefficient. Hanson
(1969) has argued convincingly that all human seeing
has a linguistic component. He cited the example of
Charles Darwin. During an expedition, Darwin and
his companion could not see obvious features in a new
environment simply because they had not been told
about them or taught to see them. Darwin wrote (1902),
““Neither of us saw a trace of the wonderful glacial
phenomena all around us; we did not notice the plainly
scored rocks, the perched boulders, the lateral and
terminal moraines ... > As Hanson (1979) main-
tained, you must tell people what you know before
you can show them what you see.

This idea has important ramifications for the soil
survey. A paradigm that is not expressed linguistically
can be learned only with great inefficiency and at con-
siderable expense. It normally takes 2 to 3 yr for a
new field soil scientist to thoroughly internalize the
soil-landscape paradigm and begin to operate at the
““journeyman’’ level.

Knowledge and Maps

Much of the knowledge gathered using the soil-
landscape paradigm is in the form of maps. This, too,
causes serious inefficiencies. Hanson (1969) asserted
that, if research findings are not expressed linguisti-
cally — not written down, they will not affect the
general body of scientific knowledge. He made the
following distinction between pictures and language:
““It is a point of profound logical significance that the
pictures on our retinas and the pictures sense-datum
theorists talk about are first and foremost pictures,
while what is called scientific knowledge is first and
foremost expressed in language.’” He describes maps
as occupying an intermediate position between pic-
tures and human language, stating “ ... there is a
logical gulf between pictures and language which maps
partially bridge.”> He goes on to say that maps are “¢
... a half-way house between pictures and modern
language; unlike pure pictures, maps have the rudi-
ments of a vocabulary.”

Since maps have only the rudiments of a vocabu-
lary, they are not efficient conveyors of knowledge.
Maps, including soil maps, mostly serve as pictorial
representations of some aspects of a real terrain. In
order to impart specific knowledge about that terrain,
icons are required (Hanson, 1969). Icons are symbols
placed on a map and defined or described in order to
convey information. Map-unit symbols and ad hoc
symbols on soil maps are examples of icons. It is
important to note that, when employing maps and icons,

most of the knowledge still is imparted linguistically;
one must read about the icon to acquire information.

Abstracting additional knowledge (knowledge not
conveyed by icons) from a map requires that one pos-
sess some level of prior knowledge. For example, in
order to understand the many relationships between
soils and landscapes shown on a soil map, the viewer
must possess similar basic knowledge as the individ-
ual who made the map.

The iconic nature of maps severely limits the kind
and amount of knowledge they can convey. Maps can
efficiently provide information about individual points
or areas identified by icons. However, they are not
effective in conveying scientific concepts or complex
relationships that are shown by the imagery. Such
knowledge must be expressed linguistically and in
highly sophisticated language to be understood by those
not already acquainted with the relevant concepts and
relationships.

MAINTAINING THE PARADIGM

Typically, scientific paradigms are maintained and
reinforced by university instruction, textbooks, and
scientific publications. However, explicit information
concerning the soil-landscape paradigm is nearly ab-
sent from soil science curricula and texts. Further-
more, there has been little substantive academic research
dealing with soils as natural bodies on the landscape.
The applied research (soil mapping and investigations)
that has taken place under the guidance of the soil-
landscape paradigm has generated a vast amount of
knowledge concerning the soils of the USA. As with
the paradigm itself, however, much of this informa-
tion is not part of the scientific literature. Instead, it
remains in the form of maps, a nonlinguistic form that
is not available to the larger soil science community.

This raises an interesting and important question:
considering its reliance on tacit knowledge, how is the
soil-landscape paradigm maintained and reinforced?
This is accomplished largely by requiring each prac-
titioner to take part in a continuing socialization process.
On learning the basic soil-landscape model, a new
soil scientist becomes part of a close-knit scientific
community. The mores of this community are con-
stantly reinforced. This is done through frequent com-
munal gatherings at every level.

In the U.S., a field review, normally a week long,
is held yearly in every progressive soil survey project.
These reviews are attended by technical supervisors
from the Soil Conservation Service state office and,
often, by their regional counterparts. Representatives
of the experiment station and other cooperating agen-
cies in the state also take part. The stated purpose of
field reviews is to provide technical oversight and
guidance to the soil survey project. However, it also
accomplishes another important goal. It reinforces the
paradigm. Ideally, the project leader and party mem-
bers end the review convinced that they are involved
in important scientific work and that they are part of
an enduring scientific community.

Such interaction and paradigm reinforcement take
place at every level of the National Cooperative Soil
Survey. Communal gatherings include soil survey
conferences held annually in each state and confer-
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ences held in alternate years at the regional and na-
tional level. As with the field reviews, practitioners
leave these meetings with the confidence that both the
paradigm and the pleasant communal scientific life it
supports are important and will continue to thrive. As
long as much of the soil survey is based on tacit
knowledge, formal meetings of National Cooperative
Soil Survey cooperators will serve the vital purpose
of maintaining the paradigm on which the organiza-
tion is based. This can be as important as any technical
or managerial achievements. (See Shapiro [1987] for
a discussion of the role of formal gatherings in main-
taining scientific communities.)

CONCLUSION AND RECOMMENDATIONS

I have categorized the soil survey as paradigm-based
science. I also have argued that the soil-landscape
paradigm, on which soil survey is based, is overly
dependent on tacit knowledge. For example, relying
on tacit processes to teach the soil-landscape para-
digm is very inefficient. Furthermore, much of the
knowledge that has resulted from applying the para-
digm remains on maps, which do not convey concepts
or complex information efficiently. This is an addi-
tional cause for concern. Because it has remained on
maps, much valuable information gathered during a
period of many years has not become part of the soil
science literature.

As has been pointed out before, most human learn-
ing has a linguistic component. Hanson (1969) as-
serted that employing language to reduce reliance on
tacit knowledge is an almost uniquely human ability
— and one to which we owe much of our progress as
a species. What one can observe and learn depends
largely on what one has been prepared to observe and
learn. According to Lewes (1879, p. 108), ** ... the
new object presented to Sense, or the new idea pre-
sented to Thought, must also be soluble in old expe-
riences, be recognized as like them, otherwise it will
be unperceived, uncomprehended.”” New visual ex-
periences can be perceived more readily if some com-
prehensive framework of knowledge has been
established into which the new visual experience can
be fitted.

Hanson (1969) and others use the term set to refer
to the process of preparing a person to see new phe-
nomena and to see it in a certain way. Studies have
shown (Hanson, 1969) that, if an observer is “‘set’’
to see the names of animals, he will read the nonsense
syllables sael and wharl as seal and whale. However,
if he is ‘‘set’” to see words related to boats, he will
immediately perceive the same syllables as sail and
wharf. Students or trainees can be ‘‘set’ to perceive
soil-landscape units more easily by prior explicit in-
struction in the soil-landscape paradigm.

If all new soil scientists received explicit instruction
concerning the soil-landscape paradigm, nearly all of
them would learn it. Furthermore, if they were ““set’’
properly, their learning time could be significantly re-
duced. It is even possible that, by using linguistics to

draw the right series of mental pictures, one could
teach the basics of the paradigm entirely in a class-
room setting.

In addition to teaching the paradigm more effi-
ciently, the information acquired by applying it must
be made more widely available. The concepts inherent
in the soil-landscape paradigm must be explicitly ex-
pressed in soils textbooks and taught to students. Fur-
thermore, the mass of information that has resulted
from applying the paradigm must be abstracted from
soil maps, conceptualized, and published in the soil
science literature. Preparing detailed maps requires that
one determine the many geographic and genetic re-
lationships among the soils in an area. After the soil
maps are prepared, however, the landscape and soil
relationships that made them possible are rarely com-
municated. As a result, it is not uncommon for a re-
searcher to ““discover”’ relationships that have already
been recognized by field soil scientists and used for
many years in mapping soils.

The last and perhaps most important recommen-
dation is that soil scientists should try to gain a new
appreciation for the overwhelming power of ideas and
concepts. Mental constructs such as paradigms are of
paramount importance in everything we do. To par-
aphrase a statement attributed to N.W. Pirie (Webster,
1977), ““A sensible philosophy controlled by a rele-
vant set of concepts ... can nearly act as a substitute
for genius.”’
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Landform/landform component scale. Discuss what is shown here via the photo tones, geomorphic positions, etc. Relate how photo tones can be utilized in your soil survey area.
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Landform component scale. Discuss what is shown here. You should be able to point out two components in this road cut.





United States Department of Agriculture USDA 0 N RCS
Natural Resources Conservation Service = Y

Landform
Component
Soil
Variability

Summit Shoulder  Backslope Footslope

\i




Presenter

Presentation Notes

Landform component level. Look at the A, E, and B horizon thicknesses and relate them to the two-dimensional (hillslope) positions as labeled. Discuss what processes have occurred and relate them to variability at the component level. Use local examples also.
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Soil profile, pedon scale. A detailed pedon description will quantify pedon scale soil variability.
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Soil horizon scale. A detailed soil horizon description quantifies horizon scale soil variability.
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Scanning electron micrograph representing the microscopic scale of variation.
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Summary of Soil Spatial
Variability

* The are multiple scales of soil variation.

* In field soil survey we are primarily concerned with
mapping soil variation at the landscape, landform, and
landform component level.

* We describe soils in detail at the soil profile or pedon
level. Essentially, when you are describing a pedon, you
are mapping soil horizons.

* Mapping variation at the microscopic (mineralogical and
biological) level helps with our understanding of the
genesis and classification of the soil at the pedon level.
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Summary
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Summary of Soil Variability

*There a three types of soil variation:
         Spatial
         Temporal
         Taxonomic

*There are multiple scales of soil spatial variation (soil geographic variation).

*In field soil survey we are primarily concerned with mapping soil variation at the landscape, landform, and landform component level.

*We describe soils in detail at the soil profile or pedon level.  Essentially, when you are describing a pedon, you are mapping soil horizons.

*Mapping variation at the microscopic (mineralogical and biological) level helps with our understanding of the genesis and classification of the soil at the pedon level.
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Four Key Concepts for
Mapping Soils
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From chapter 5 of Soil Taxonomy.
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|.In mapping soils at any scale, it is
necessary to assume that there is
a pattern of order in the spatial
distribution of soil characteristics.

23
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Key concept #1. Discuss this. Relate to your local soils for examples.
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2. The soil genesis model, which
defines soil as a function of parent
material, climate, living organisms,
relief, and time, provides a basis
(model) for predicting order.

24
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Key concept #2. Discuss this. Relate to your local soils for examples.
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3. A soil surveyor quickly learns that
the geographic pattern of soils is
related to the five soil-forming
factors.

25
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Key concept #3.
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4. A soil surveyor observes and maps a
geographic pattern of soils by
grouping soils with similar genesis and
by separating soils where there is a
change in one or more of the soil-
forming factors.

Note: This summarizes the primary goal
when making a soil map.
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Key concept #4.
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Review the contents of each of
the three references:

) Indorante, S. ]. 1986.A Pedological Tale.
Soil Survey Horizons 27:28-29

2) Chapter | of Soil Taxonomy

3) Chapter 5 of Soil Taxonomy
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Review the contents of each of the following:

Indorante, S. J. 1986. A Pedological Tale. Soil Survey Horizons 27:28-29
      (See the attachment in the OJT module pdf file)
2) Chapter 1 of  Soil Taxonomy (previous reading assignment).

3) Chapter 5 of Soil Taxonomy (previous reading assignment).
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* Summarize Key Concepts In:

A Pedological Tale
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The importance of conceptual models (referred to as glasses in the tale) in science and, in particular, in mapping soils in a meaningful way.

Note the difference between taxonomic order (taxonomic variation) and geographic order (spatial variation). 

Taxonomic models (Soil Taxonomy) are important for focusing in on important soil properties that soil scientists use when they classify and name a soil.  These models are critical for observing categorical order. Geographic models (soil-forming factor models) are important for observing and mapping (spatial variability) cartographic order.
 
Both taxonomic models and geographic models must be applied in the proper order if an accurate soil map with maximum long-term utility is to be made.

If one maps soils using predominantly taxonomic glasses (models), a soil scientist runs the risk of  becoming a “Hole Mapper.”  A taxonomic map can display the taxonomic make up of an area, but the map may be of little use to land use planners and managers.
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* Summarize Key Concepts In:

Chapter | and Chapter 5

of

Soil Taxonomy
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Chapter 1 (“The Soils That We Classify”) emphasizes describing  and mapping vertical soil variation downward through the soil profile (e.g., pedon descriptions). 

Chapter 5 “Application of Soil Taxonomy to Soil Surveys” emphasizes the mapping of soil variation laterally across the landscape (e.g., map unit descriptions).

These two chapters are the taxonomic glasses (chapter 1) and the geomorphic, geologic, genetic glasses (chapter 5) referred to in “A Pedological Tale.”
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The Goal of Mapping Soils?
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Presentation Notes

The above map is at a scale of 1:15,840.
Most soil surveys in the  National Cooperative Soil Survey were completed at large scales (1:12,000 to 1:31,680) and intermediate scales (1:31,680 to 1:100,000).
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The grouping is accomplished
by developing and applying soil-
landscape models and soil
taxonomic models.
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Note: The order of application of the two models is critical (See “A Pedological Tale.”)
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Basic Steps In Mapping,
And Classifying Soils
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Reread chapter 5 of Soil Taxonomy.

Pay particular attention to the section:

Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1:31,680) and Intermediate (1:31,680 to 1:100,000) Scales.

And to the subsections:

Mapping Soil Geographic Order

The Soil landscape Paradigm and Soil Survey

Labeling Soil Geographic Order With Soil Taxonomy

Soil Geographic Order and Soil Taxonomy In Soil Survey
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‘Interpret the landscape

*Design and Describe the map unit

Describe and name the soil(s)

*Label and interpret the map unit
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This slides summarizes the 3 “Basic Steps in Mapping and Classifying Soils.”

Refer to chapter 5  of  Soil Taxonomy, second edition.  Specifically, look at the section “Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1: 31,680) and Intermediate (1:31,680 to 1:100,000) Scales.”

Three other useful sources of information for soil mapping and classification are:

United States Department of Agriculture, Natural Resources Conservation Service. National Soil Survey Handbook,. Soil Survey Staff
	(Refer to Section 627)
United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.
      (Refer to Chapter 4)
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* Step | - Interpret the landscape
a) study landforms

b) study soil forming factors and
soil profiles.

c) recycle above until a working
model of soil landscape
relationships is created.
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You can use DEM’s, DRG’s, Slope Maps, Geologic Maps, Aerial Photography (including stereo pairs) etc. (office work)

Any local or regional information (soil surveys, text books, circulars, bulletins etc.) that provides information on the soil-forming factors (s = cl, o, r, pm, and t). (office work)

   Select, study, describe, and classify soils that occur on representative landscapes and landforms.  (field work)
      (Refer to Chapter 4 of the 1993 Soil Survey Manual for mapping techniques).

c) Create a working  soil landscape model. Block diagrams are excellent tools for modeling soil landscape relationships for an area or region.

As you can see, soil survey is a combination of office work and field work.  Soil survey information (maps, descriptions, and interpretations) are built on and improved through a combination of office work and field work.








Fig. 25. Relationship of slope, vegetation and parent material to soils of the Lindley-Keswick-Weller soil association area.
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Example of a working  soil landscape model. Block diagrams are excellent tools for modeling soil landscape relationships for an area or region.  Soil landscape models and soil maps can evolve over time as new knowledge is gained and new technologies are applied to soil survey.

From: Oschwald, W.R., F.F. Riecken, R.I. Dideriksen, W.H. Scholtes, and F.W. Schaller. 1965. Principal Soils of Iowa. Special Report NO. 42. Department of Agronomy.
NOTE:
 "All Models Are Wrong But Some Are Useful." 

From ; George E.P. Box ("Robustness is the Strategy of 
Scientific Model Building" in Robustness in Statistics. 
eds., R.L. Launer and G.N. Wilkinson, 1979, 
Academic Press, p. 202.)

D’Avello’s Corollary - All soil maps are models, and some soil maps 
are less wrong than others.

No soil landscape model, no classification model, and no soil map model is perfect, but each of the models should provide accurate and useful information to land users. 
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Soil Landscape References

* Hudson, B.D. 1990. Concepts of soil mapping
and interpretation. Soil Surv. Horiz. 31:63-73.

* Hudson, B.D. 1992. Soil survey as paradigm-
based science. Soil Sci. Soc. Am. |. 56:836-
841.
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Note: Both of these articles are available as attachments within the module OJT lesson plan.  The 1990 article gives an excellent overview of the mapping and interpretation process.  This article is highly recommended if you want to understand the history of soil mapping and interpretations, the problems and concerns of the past, and suggestions for performing soil survey in the future (the future looking ahead from 1990, that is).  

The 1992 article provides the scientific and philosophical basis for soil survey.
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Soil Landscape References
(continued)

Peterson, F.F., Landforms of the Basin & Range Province Defined for Soil Survey.
1981. . Nevada Agric. Exp. Stn. Tech. Bull. 28.

Ruhe, R.V. 1969. Quaternary Landscapes in lowa. lowa State Univ. Press

Daniels, R.B. and R.D. Hammer. 1992. Soil Geomorphology. John Wiley and Son,
Inc.

Peter W. Birkeland. 1999. Soils and Geomorphology, 3rd edition. Oxford
University Press
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Note: The Fred Peterson bulletin is available as an attachment within the OJT module lesson plan.  It is an excellent resource for the study of soil landscapes and soil survey.  The soil landscape principles in the bulletin are universally applicable.

You may be able to locate the other references provided. If so, they may prove informative as you strive to understand mapping soils. 





United States Department of Agriculture USDA N RCS
Natural Resources Conservation Service 38

*Step 2 - Design and Describe the
map unit
&
Describe and name the soil(s)
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Step 2

Refer to chapter 5  of  Soil Taxonomy, second edition.  Specifically, look at the section “Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1: 31,680) and Intermediate (1:31,680 to 1:100,000) Scales.”

United States Department of Agriculture, Natural Resources Conservation Service. National Soil Survey Handbook,. Soil Survey Staff
     (Review Part 627)

United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.
      (Review pages 22 to 44)
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*Design and Describe the map unit

Describe and name the soil(s)
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See the attachment of an example of a Transect Form. Review the transect form used in your office.
Documentation of soil landscape relationships and soil variability within and among map units is a key component in soil survey.  The Transect Form is an example from Illinois.  It is one way to systematically study and document soil landscape relationships.  Some soil scientists use the transect method to present soil variability as a statistical probability, and the transect sheet can serve as a form to record observations.  Other modules and references cover the subject of transects and statistical analysis.  Traverses and transects are two ways to systematically study soil landscape relationships.  Details on performing traverses and transects are covered in Chapter 4 of the 1993 Soil Survey Manual.  Hudson’s (1990) article is an excellent reference on transects and statistics.
On the Illinois transect form, emphasis is placed on recording the soil setting along with recording soil properties.  This was done on purpose in order to emphasize the understanding of soil landscape relationships, with statistical analysis being a secondary concern. You should follow your own guidelines for the MLRA SSO.
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*Design and Describe the map unit

Describe and name the soil(s)
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The Pedon Description Form is the recommended way to record point data.  It is the linking between site data and the pedon description that is a key component to documenting and verifying the soil landscape relationships.  
United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.
      (Refer to Chapter 4 “Mapping Techniques”)
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*Step 3 - Label and interpret the map
unit
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Step 3

Refer to Chapter 5 of  Soil Taxonomy, second edition.  Specifically, look at the section “Mapping and Labeling Soil Geographic Order at Large (1:12,000 to 1: 31,680) and Intermediate (1:31,680 to 1:100,000) Scales.”

United States Department of Agriculture, Natural Resources Conservation Service. National Soil Survey Handbook,. Soil Survey Staff
     (Review Parts 617 to 625)

United States Department of Agriculture, Soil Conservation Service. 1993. Soil Survey Manual. Soil Surv. Div. Staff. U.S. Dep. Agric. Handb. 18.
      (Review Chapter 6)
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TABLE 15-B. Profile characteristics of major soil types and phases in Lindley-Keswick-Weller soil association

area.*

Soil type
Number and name

Surface soil

Subsoil

Slope Erosion Color

Texture

Color

Texture

Permeability Substratum

260 Beckwith silt loam
132 Weller silt loam
132 Weller silt loam
425 Keswick clay loam
425 Keswick clay loam
65 Lindley loam

65 Lindley loam

131 Pershing silt loam
131 Pershing silt loam
130 Belinda siit loam
179 Gara loam

313 Gosport silt loam

0-1
2-5
59
59

2-5
5-9
0-1

14-18

20-30

0
1

2

Dark gray
Dark gray

Dark grayish-
brown

Dark grayish-
brown
Grayish-brown

Dark grayish-
brown
Dark brown

~ Very dark

gray
Very dark gray-
ish-brown
Very dark
gray
Very dark
gray
Dark brown

silt loam
silt loam
silt loam
clay loam
cltoc
Itocl
Itocl
silt loam
silt loam
silt loam
loam

gritty silt
loam

Gray

Yellowish-brown
and gray

Yellowish-brown
and gray

Red and gray
Red and gray

Yellowish-
brown

Yellowish-
brown

Yellowish-brown
and gray

Yellowish-brown
and gray

Gray

Yellowish-
brown

Yellowish-
brown

sictoc
silty clay
silty clay
c, cl

c, ¢l

clay loam
clay loam
silty clay

silty clay

sictoc

clay loam

sictoc

Leached silty clay
loam loess
Leached silty clay
loam loess
Leached silty clay
loam loess
Leached clay
loam till
Leached clay
loam till
Moderately slow Leached clay
loam till
Moderately slow Leached clay
loam till
Leached silty clay
loam l[oess

Leached silty clay
loam loess

Leached silty clay
loam loess

Moderately slow Leached clay
loam till

Shale bedrock

Very slow
Slow
Slow
Slow

Slow

Slow
Slow

Very slow

Very slow

*See chapter 5 for explanation of terms.
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Here is an example of basic soil information that can be used to generate various soil interpretations for soils. 

This example is over 50 years old.   We now have our interpretations generated in NASIS.

From: Oschwald, W.R., F.F. Riecken, R.I. Dideriksen, W.H. Scholtes, and F.W. Schaller. 1965. Principal Soils of Iowa. Special Report NO. 42. Department of Agronomy.
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Practical exercise
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Select several sites in your soil survey area that represent the various landscapes and landforms.
With the trainee, observe and/or traverse these landscapes and landforms and discuss what you see. Do not observe pedons at this time; see the big picture first. Ask the trainees to identify the:
 Landscape
 Landform
 Geomorphic position (3-Dimensional)
 Hillslope position, if applicable (two-dimensional)
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Practical exercise
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Return to the same sites or selected others.  This time, observe components by observing pedons along a traverse over the landscape and landforms within.  Note the major horizons and only record enough to classify the pedon.  This is not a time to fully describe pedons. Ask the trainee to:
 Note the major differences in pedons observed.
 Relate these differences to the landform and landform 3-D and 2-D positions observed.
 Either in 2-D (cross section) or 3-D (block diagram), have the trainees sketch the landscape and landforms and relate the component observed appropriately (landscape model).  Have the trainees attempt to include parent material.
Discuss the five soil-forming factors
Have the trainees place lines separating map unit polygons.
 Using your map base products for mapping soils (imagery and topography at the minimum), have the trainees place lines on the map in relationship to their 2-D/3-D landscape model.
 Discuss the interpretive value of the map units they have created.
 Do they provide interpretive differences?
 Can they be mapped consistently?
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