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Abstract

Many soils insoutheastern Kansase characterized by high clagrdents and high
shrink-swell potentials.Their vertic properties and claypan characteristics cause soll
management to be difficult and pose problems for agricultural, environmental, and engineering
uses. Thus, collecting more information and improvingr @inderstanding dhesesoils is an
important step towards bettering our soil management technigbesobjectives of this study
were to examine the morphology, processes of soil genesis, clay mineralogy, micromorphology,
and potassium fixation poteatiof the soils of interest and how these characteristics varied
between and within individual pedon$en pedons expected to represent varying degrees of
vertic expression were selected. Methods included the use of field descriptions, routine soill
laboratory characterization, micromorphological investigatidhedetermination of clay
mineralogy by Xray diffraction, andhe measurement of potassium fixation potentfkeld
morphology reflected the geologic parent materials available in the regimnfine sediments
that compose these clayey soils are primarily provided by the Pennsylvanian and Permian shales
and limestoneanderlyingthis region and the Flint Hills to the wedbominant pedogenic
processes currently at work are clay illuviation ahdnk-swell processesSilty, nornexpansive
surface soils at all but sites 6 and 7 are thought to buffer the rapid wetting and drying cycles
needed for maximum vertic expressidfour of the soils were dominated by smectitic minerals
in the clay fracton while the rest exhibited a more mixed mineralogy. Disruption of illuvial clay
features by shrinkkwell movement was evident in thin section. Striatéaloics dominatethe
micromorphologyexcept innon-expansivesurface soils.K fixation of thesoi surface was
found to be negative in all soils, thus K fixation potential is considered very low. In subsurface
horizons K fixation generally increased with increasing vermiculite contémaddition to
limited quantities of Kfixing clay minerals, narally high K levels limited the amount of K
fixation in this study.The information presented can be used to improve our understanding and

management of high clay, vertic and claypan soils in southeastern Kansas.
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CHAPTER 1 - Literature Review

1.1 Genesis of Soils with Vertic Properties

1.1.1 Definition of Vertic Properties

The central concept behind the order of Vertisotsf & soil having a high content of 2:1
expandable clay minerals thatdergo significant changes in volume due to seasonal fluctuations
in moisture content. These changes in volume cause a considerable amount aivatlfink
movement within the soil. This soil movement causes stresses to build within the soil material
which often results in failures along shear planes, or slickensides. The soil surface may even rise
and fall with the seasonal moisture changes. Vertic properties are defined as soil characteristics
caused by the seasonal changes in volume, or shrinkingvaticthg. Cracks that open and close
periodically, slickensides, wedghaped structural aggregates that are tilted at an angle from the
horizontal, vertical infillings, and high linear extensibility values are all good examples of
propertiesassociated wh vertic soils (Soil Survey Staff, 1999). Due to variations among soil
forming factors soils exhibit a wide array of these vertic properties. Vertic soils occur in many
areas around the globe such as Australia, India, the Sudan, and in the UnitedliSfatds
Krohn and Slosson (1980) estimated that up to 20% of the U.S. may be mantled with soils
subject to shrinkswell behavior. The majority of true Vertisols in the U.S. are found in east
central Texas, southern Texas, Alabama, and Mississipgy ddn also be found in the U.S.
southwest and in the northern Great Plains (Ahmad, 1996). These soils tend to be very hard
when dry and very sticky when wet, and their characteristics combine to make them difficult
soils to manage (Soil Survey Staff, )9 Vertisols have been widely studied by the engineering
community because of the structural challenges they pose to building foundations, highways,
piplines, etc. (Buol et al., 1980). Despite their probleragic soils are generally known for
havinghigh fertility and have proven to be highly productive agricultural soils. Water
management is an important concept when farming high clay, vertic soils. Producers must be
able to properly time operations to deal with excesses and deficits of waterd ALO88).
Thus, collecting more information and improving our understanding of vertic soils is an

important step towards bettering soil management techniques.



1.1.2 Vertic Soil Forming Factors

As previously mentioned/ertisols and other vertic intergtas exhibit a wide range of
vertic properties due to the complexity of their formation. Many researchers have studied the
genesis of vertic soils and have found these soils to have formed in a number of different
environmental conditions. There are twengral conditions which are common to all vertic soils
and thus must be present for the formation of vertic characteristics. The first condition is a large
guantity of expandable clay. The mineralogy of these clays is most commonly smectitic.
Second, aeasonal wedlry cycle is required to cause the expansion and contraction of the soil
material (Soil Survey Staff, 1999).

Vertic soils are found in nearly every major climatic zone. A monsoonal type climate is
the most common climate of formation, andeaist some distinct wet and dry periods are needed
to provide many of the physical attributes of these géitsnad, 1996) The seasonal variations
in precipitation and temperature result in weathering of primary and secondary minerals during
the wet seam but encourage the accumulation of basic cations in the dry season. The variation
in climatic conditions also favors the formation of smectitic clays. Wet Vertisols form in humid
regions and their cracks remain closed for much of the year while \éé&tighich have formed
in more arid regions have open cracks for much longer periods ofBmo¢ et al., 198Q) The
duration the cracks are open and closed is used to differentiate the various soil moisture regimes
in Soil Taxonomy(Soil Survey Staff, 199). Worldwide 56% of Vertisols are within an ustic
soil moisture regime, 28% aridic, 13% udic, and 3% xeric (Eswaran et al., 1999). Vertisols
occur in all soil temperature regimes that are cryic and warmer (Soil Survey Staff, 1999).

The vegetation faud on vertic soils is governed both by the constraints imposed on it
from the climate and the harsh physical and hydrological characteristics of vertic soils. Vertic
soils predominantly occur under grasslands, savanna, open forest, or desert scrubrvegetat
(Soil Survey Staff, 1999). High clay content and hard consistdnog with shear stresses and
soil movementan hinder rooting. Natural vegetation is limited generally to grasses and trees
which have deep, hearty root systems in order to survivedseof drought and cracking. Vertic
soils in temperate humid areas have a greater amount of vegetative cover and thus have higher
organic matter contents. These high organic matter contents have in some cases been found to
reduce the shrinkwell potemial and limit crack formation in the surface horizon. Maintaining
high organic matter levels is an important management strategy. Increased organic matter levels

2



raise the moisture content of the plastic limit allowing farmers to work the soil at mgi&iure

contents (Dudal and Eswaran, 1988). This allows a greater window of time for farmers to

complete field operations. The properties of vertic soils generally allow only a narrow time
frame of workability.

Macrotopographyas well as micrgopogiaphy; isimportant when studying vertic soils.
Vertic soils predominantly form on stable, relatively level to rolling landscapes (Ahmad, 1996).
On areas of greater slopes, increased erosion prevents the development of vertic features. Level
slopes in cobination with low hydraulic conductivity often results in surface ponding (Eswaran
et al., 1999). Micdopography features have received a considerable amount of attention from
researchers (Wilding et al., 1991; Thompson and Beckmann, 1982; Stacé®&lKubble et
al., 1983). Many vertic soils exhibit saircular depressions (microlows) surrounded by slightly
higher ridges or knolls (microhighs). This type of relief comprised of microlows and microhighs
is referred to a gilgai relief (Dudal and\aran, 1988). Wilding et al. (1991) studied the close
interval spatial variability between mictopographic gilgai elements of a vertisol in Texas and
found several distinct differences between the morphological, physical/chemical, mineralogical,
and hylrological attributes of the microlows and microhighs. Nordt et al. (2004) found that in
response to greater water recharge, theattiwr of a Texas coastal plairextisol contained
darker colors, more organic carbon, greater depth of carbonate leastdrigwer pH than the
microhigh.

Parent material is one of the most important factors involved in the formation and
distribution of Vertisols. Vdic soils develop on a wide range of parent material including
alluvial, colluvial and lacustrine depositsarhand other calcareaous rocks, limestone, shales,
igneous, metamorphic and volcanic rocks of basic nature. Vertisols are known to develop on
basalts in Australia, gneisses and sandstones in India, andlglacstrine materials in
Saskatchewan (Duddl965; Ahmad, 1983; Probert et al., 1987; Coulombe et al. bl @809
et al., 1987). For the most part in the U.S., they develop on calcareous clay or in residuum
weathered from soft, calcareous sedimentary rocks (Ahmad, 1996). The smectitic clags may b
inherited from the original rock parent material or may have formed in place as a result of
neogenesis or transformations from primary mineralge limestones anclay mineral rich

shales present in southeastern Kapsagide an abundance expandingclaysminerals Vertic



parent materials commonly have a high base status which favors formation and stability of clay
minerals (Coulombe et al., 1996

Vertic soils are generally considered young soils in relatively unadvanced stages of
weathering andasl formation. However, Buol et al. (1980) proposed that one may consider
them old soils in which the B horizon had become so clayey through illuviation that-shuetik
cycles developed and eventually nelwarédtenwedo t
found on older, stable landscapes. Another interpretation from Buol et al. (1980) was that
Vertisols are in equilibrium with their environment, and the expanding clays will be preserved
barring a climatic change. Others have suggestedtitatthe 2:1 expanding clays are further
weathered to neexpanding clay minerals, vertic soils will cease to churn and crack. The age of
vertic soils is of course variable. Some unconsolidated parent materials may require only a few
hundred years to gelop because high clay contents are indigenous, while for consolidated
parent materials sufficient time is needed for weathering, clay formation, and-siwetik
dynamics to develofCoulombe et al., 19%). Thus age must be inferred from the underlying

parent material.

1.1.3 Pedogenic Processes of Soils with Vertic Properties

Vertic soils form under multipleomplexgenetic pathways. In general, soil forming
processes that lead to the formation of vertic soils are those which control the formation and
stability of smectites in the soil. Such minerals are capable of expanding and contracting with
changes in moisture status. It is this expansion and contraction within the minerals, the
microstructure, and submicroscopic porosity that induces soil maxgBswvaran et al., 1988).
The shrinkswell phenomenon responsible for the formation of vertic properties has been studied
extensively, however; it is still incompletely understood. Linear and normal gilgai, cyclic
horizons, surface cracking upon destmra and the formation of slickensides all can result from
this process (Soil Survey Staff, 1999). Wilding and Tessier (1988) and Coulombe et &) (1996
provide excellent reviews of the current ideas surroundegisol genesis including summaries

of three pedogenic models.

Pedogenic Models of Vertic Soils
The first model is the pedoturbation model or-s&allowing model (Buol et al., 1980).

It was first proposed by Hilgaad!| ow80®) ¢ e
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during thedry season the soil material dries and shrinks in volume forming large cracks that can
extend to a depth @ine meteor more. Surficial and sidewall soil material are disturbed due to
biological activity, wind, water, or gravity and falls into the crackigpon rewetting, the cracks
clos as the soil material expands; howebecause the fallen surface solil is occupying a portion
of the initial soil volume, a space problem is created. Swelling pressures cause soil to move
horizontally and vertically awafrom the infilled former cracks to accommodate for the space
occupied by the infilled material. This process will result in mixing of existing horizons leading
toward a homogenization of the soil profile and the development of vertic morphologic$eature
such as pressure faces, slickensides, gilgai topography, etc. (Wilding and Tessier, 1988).
However,Wilding and Tessier (1988) point out that vertic soils often do have systematic depth
functions of organic carbon, carbonates, and soluble salts, afadrtiegion of albic and argillic
horizons does occur. Also, slickensides commonly develop below the depth of maximum
seasonal cracking. The pedoturbation model alone does not explain these occumexnces
long-term pedogenic translocation processestrstill play a role.

The second model proposed is the differential loading model. This model attempts to
explain the formation of gilai topography and states that clays move from areas of higher
confining pressure to areas of lower confining pressuremypldstieviscous flow (Paton, 1974).
This theory was borrowed from the geologic literature for sedimentary load structures. Wilding
and Tessier (1988) also reject this model as only partially functional as it does not explain the
formation of vertic fatures such as slickensides.

The third model, first proposed by Howard (1932) and later supported by Yaalon and
Kalmar (1978) and Wilding (1985), is the soil mechanics model. This model best explains the
formation of slickensides. It states that soil eniats will fail along shear planes whenever the
swelling pressures of a confined system exceed the shear strength of the soil (Wilding, 1985).
During the dry season, deep cracks form. Upon rewethiegcracks closend horizontal and
vertical stressecause shear failures (slickensides) in a three dimensional dirgoiian
outward and upwardThis formsthrust cones around the polygonal network of cracks.
Formation of these thrust cones forces the soil to move up inducing a slightly undulating
topography (gilgai) which helps to further drive the process through differential wetting between
the microhighs and microlows (Coulombe et al., 196Nhile the soil mechanics model has
come to be well accepted and probably the favored theory behindoVgdrgesis, in reality it is
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most likely the combination of all three models that best explain the formation of vertic
properties in soils. Wilding and Tessier (1988) give a thorough discussion of the various
interconnected factors affecting the shrgwell phenomenon. These factors as discussed by
them include the soil fabric, clay content and specific surface area, soil moisture content,
confining pressure, microclimate and management factors, and clay mineralogy under which
topics such as charge dediocy, microstructure, and electrolyte concentration and speciation are
discussed.

Although the process of shrinking and swelling is very important, it does not preclude the
formation of diagnostic horizons and features. Other pedogenic processes@rsilbésjor
variations among Vertisols and vertic intergrades. These processes include accumulation of
organic matter, carbonates, gypsum, and soluble salts, and acidification processes through
leaching (Eswaran et al., 1988). Clay translocation inosedils is not usually well expressed
due to shrinking and swelling and the constant mixing of pedoturbation. However, it is still a
common and important process occurring in these clayey soils. Well expressed clay skins are
not generally preservedndany translocated clay is engulfed in the matrix or slickensides as a
result of shrinking and swelling. Nettleton et al. (1969) studied argillic Bt horizons in which clay
skins were absent in areas of desertMediterranean climates in the southwester@.UThey
found that clay skins were absent in horizons halimegar extensibility values greattran 4%
or a masepic or omnisepic plasmic fabric while clay skins were present in equivalent horizons
having low shrinkswell potentials and an insepic or sepic plasmic fabric. They concluded
that clay may be illuviated but clay skiwgre not preseritecause ped faces did not persist long
enough due to shrinking and swelling movement. Also, preexisting clay skins could be
destroyed by shrinkwell. Theyadded that these findings should only apply to desert or
Mediterranean climates and that clay skins may very well form in skwel soils of more
humid environments (Nettleton et al., 1969). Blokhuis (1982) cited several reports of clay

illuviation exgressed as thin cutans found iertisols.

1.1.4 Field and Laboratory Identification of Vertic Properties
Many vertic features are quite evident in the field. If the soil is dry, cracks should be
apparent. Cracks can be several centimeters wide, ovdeadeep, and very tortuous. Tillage

may destroy surface cracks, but subsurface cracks continue to exist (Dudal and Eswaran, 1988).
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Slickensides are the next most recogniteadure agvidence of shrirdswell. They appear as
polished, grooved surfacexlined 2060° from horizontal and form as a result of one soil mass
sliding past another during shear failure when the soil material is in a plastic state. Overburden
pressure from overlying soil is required to create the shear stresses that cieatsidés. For
this reason, the optimum depth of slickenside formation is usually5@m. Past about 125
cm depth, the soil moisture fluctuations are generally not great enough to cause slickensides
(Dudal and Eswaran, 1988). Structure can also le distinct in high clay vertic soils.
Granular or blocky structure is usually exhibited in surface horizons giving way to prismatic
structure or wedgshaped structural aggregates. Gilgai mioography may also be present
but are not common to all ke soil landscapes (Coulombe et al., 1996).

In the laboratoryseveral measurements are commonly made to characterized vertic soils.
Bulk density and coefficient of linear extensibility (COLE) valaes high for vertic soils (0.06
0.2 COLE). Bulk derity values reported fovertisols by Coulombe et al. (1996) range from 0.9
to 1.2 Mg nf at 0.33 MPa (field capacity) and 1.6 to 2.0 Man1.5 Mpa (permanent wilting
point). Cation exchange capacity (CEC) is generally highd&®6mol kg* soil) due tathe large
clay fraction and a high content of smectite (Eswaran et al., 1999). Soil textural analysis is
important as total and fine clay content is a defining property of vertic soitay Hiffraction is
useful for determining the types and abundandetay minerals present. Finally, many stress
induced features can be identified in soil thin sections such as planar voids, slickensides, and
microshear within the soil fabric causing linear zones of oriented clay particles (Wilding, 1985;
Wilding andTessier, 1988; Eswaran et al., 19B&khuis, 1982.

1.1.5 Claypan Soils

Claypan soils are defined as soils havirdgase, compact, slowly permeable layer in the
subsoilwith a much higher clay content than the overlying material, from which it is segara
by a sharply defined boundary. Claypans are usually hard when dry, and plastic and sticky when
wet (SSSA, 201Q) There are approximately 4 milliorebtares of claypan soils in the
MidwesternUnited StatesJamison et al., 1968 The clayey subsoil ceimpede downward root
growth (Clark et al., 1998) Also, due to the low hydraulic conductivity of the clayey subsoil,
claypan soiloften have reduced drainage which can result in soil wetness problems and

increased surface runoff (Buckley, 20@anceCanqui et al., 2002 At times, cracking
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networks in these high clay soils promote preferential {ldelly and Pomes, 1998)Wilkison

and Belvins (1999) reported that preferential flow accounted for 35 percent of water drainage
through a claypan soil iMissouri. Despite the large amount of water held within the claypan,
availability of thatwater to crops is lowlue to high water retention (Buckley, 20@anco

Canqui et al., 2002 There are a maber of ways in which claypan soils mfpym. A changg in
parent material stratigraphy is one way that can result in layers having contrasting textures. For
examplethe deposition of a thiloessdeposit directly on top of clayey alluvium or residuum is
one situation that could form a claypan soil. Tlacetion of clay downward in the saqisnd

clay accumulation within an argillic horizon are pedogenic processes that can aid in the
formation of claypansDue to restricted drainage, claypan soils have a high potential for lateral
movement of watesbovethe claypar(Buckley, 2008) It is possible that in some claypan soils,
lateral flow is responsible for leaching of clays and other materials. This lateral pattern of
translocation could help produce the very abupt textural change observed in sorae stalgp
Destruction of clay particlegrough the process of ferrolygiBrinkman, 1970)s also suspected

to contribute to the loss of clay content in the surface soil.
1.2 Mineralogy of Soils with Vertic Properties

1.2.1 Sources of 2:1 Expansive Lay8ilicates

Clay mineralogy is a defining property for vertic soils. Without high contents of
smectitic expanding clay, the physical properties for wkieltisols are known would not be
possible. Clay percentage and surface area are very closely eorreitt shrinkswell
potential; thus, the higher the percentage of fine clay particles, the higher the surface area and
shrink-swell potential (Wilding and Tessier, 1988). The clay minerals may be present in the
original parent material, usually alluviahd marine sediments and shales, and thus inherited, or
they may be formed in place through neogenesis and transformations. Vertic soils formed in
sediment with the potential to shrink and swell are more geographically extensive and occupy
lower parts othe landscape than those formed from igneous and metamorphic rocks (Eswaran,
1988). The development and persistence of smectitic clays is favored by a high pH with
sufficient C&* and Md" in the soil system. The presence of a relatively impermeajse d

some depth within the soil prevents the leaching of the various components needed to form
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smectites. Dixon (1982) suggested that dissolved Si may be important for the stability of
smectites. Eswaran et al. (1988) states that when Si potentiad, isuch as in a leaching
environment, kaolinite forms, but in an environment high in pH, Si, and Mg, smectites form.
Low hydraulic conductivity and poor drainage conditions common to vertic soils help to create

soil conditions favoring the stability ofrectites.

1.2.2 Nature of 2:1 Expansive Layer Silicates

Clay minerals are part of the mineral group phyllosilicates, or layer silicates. The
chemical structure is composed of sheets of Si tetrahedrons and Al octahedrons linked together
forming Si tetrahedhl sheets and Al octahedral sheets. These Si and Al sheets are joined into a
layer by sharing oxygen atoms and Q@jrbups. 1:1 layer silicates suchka®linite are formed
by these layers with each layer consisting of one Si tetrahedral sheet joomexdAboctahedral
sheet. The 2:1 layer silicates associated with vertic properties are also composed of Si
tetrahedral sheets and Al octahedral sheets; however, one 2:1 layer consists of one Al octahedral
sheet sandwiched between two Si tetrahedral sheets

The force of attraction between the structural layers of clay minerals determines their
expanding capabilities. The layers of 1:1 clay minerals are strongly bound together by hydrogen
bonding. Thus, no water molecules or other ions are able todfitha interlayer spaces and
cause expansion. The layers of 2:1 smectitic minerals are only weakly bound together by Van
der Waals attractive force, so the interlayers are able to expand to accommodate water molecules
and ions. This also accountsforentei t eds very | arge internal sut
swell when wet. Other 2:1 layer silicates such as chlorite do not display the ability to shrink and
swell because their layers are held together tightly by an interlayer hydroxide sheetrlySimila
clay mica is not expandable due to strongly bound K cations in the interlayers. As the K cations
are slowly weathered out from the interlayers, clay mica is transformed into vermiculite.
Vermiculite is an expanding 2:1 clay mineral; however, theesin and contraction is limited
by the amount of K cations remaining fixed in the interlayers.

Layer charge is another important aspect of clay mineralogy. In 2:1 layer sjlicates
isomorphous substitution of lower valence cations for Si and Al in sefrahand octahedral
sheets causes a net negative charge, or layer charge deficit. This charge deficit is balanced by

cations within the interlayer spaces and surrounding the clay particles. The magnitude and
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location of the charge deficit governs marfiyhe clay mineral attributes which influence shrink
swell properties (Wilding and Tessier, 1988). Tessier (1984) found that clays with the lowest
charge deficiency have the highest degree of hydration, most complete interlayer exchange, the
most flexibleclay particles, and exhibit the greatest shusmiell potential. Smectites have a
layer charge of 0:P.6 electron pehnalf unit cell, vermiculite haa layer charge of 0-6.9
electron per half unit cell, and clay micas (mica particles in the clayraizeon) have a layer
charge of 1.0 electron per half unit cell. Smectites having a high layer charg@.@).4%ve
been found to have incomplete interlayer exchange and are transitional to vermiculite species
(Ransom et al, 1988; Tessier and Pedr8,/).9 Smectite minerals have also been reported in
Vertisols having a layer charge in the range of vermiculite@®% (Chen et al., 1989; Badraoui
and Bloom, 1990)A large portion of the layer charge in these minerals was found to come from
isomorphicsubstitution in the tetrahedral sheet. This is important because there is less interlayer
expansion when the majority of the charge is located in the tetrahedral than when it is located in
the octahedral sheeThese smectite/vermiculite transitionalmaials are common in soils, and
like vermiculite and partially weathered illite/clay mica, they have the ability to fiarkd NH,"
(Coulombe et al., 199. Kaolinite generally has no isomorphous substitution and thus no
permanent charge, but it does égpH dependent charge (Coulombe et al., P96

Smectitic minerals dominate the vast majority of vertic soils. The expanding and
contracting of interlayer spaces as well as interparticle shrinking within the microstructure is
responsible for the shrirtwell phenomenon that defines vertic soils. It should be noted that
Wilding (1985) stated that shrirdwell potential is a function of the amount of external surface
area associated with plasma aggregates or individual clay domains and not clay mineralogy
Wilding (1985) believed that kaolinite, illite, and other clay minerals could exhibit significant
shrink-swell potential if they had a particle size of fine clay and high specific surface areas as
does smectite (Tessier, 1984). He cited Gi€elty (1974) as having concluded that the
dehydration shrinkage between stacked clay particles and clay particle aggregates (domains) in
the microstructure is the principle component of bulk shrinkage rather than interlayer shrinkage
within the clay minerals. De#p this observation, smectites continue to be considered a
fundamental part of Vertisol formation. Thehsgacing can range from 1.0 to 1.9 nm due to
interlayer expansion. Smectiterdy diffraction peaks are often broad due to the fact that they
occuras very thin crystallites (Coulombe et al., 1896Vlontmorillonite and beidellite are the
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two most common species of smectite occurring in vertic soils, although nontronite has also been
reported in high iron soils (Dixon, 1982).

Several other mineratwe present in the clay fraction of vertic soils as well and can be in
equal or greater abundance than smectite. Kaolinite is considered the second most abundant clay
mineral in vertic soils. In fact, kaolinite has been reported as a very large mirealog
component of Vertisols in El Salvador (Yerima et al., 1987), Sudan (Yousif et al., 1988), Hawaii
(Ikawa, 1985), and Australia (Norrish and Pickering, 1977). Kaolinite may be inherited from the
parent material or formed as a producswiectiteweatheing usually under leaching conditions.
Inherited kaolinite tends to be presastvell crystallized particles whereas neoformed kaolinite
tends to occur as smaller, poorly crystallized particles and give broadgrdfffraction peaks
(Dixon, 1982). Ths, it seems neoformed kaolinite would increase the shviml potential of
the soil due to an increased surface area.

Clay mica is usually present only in small amounts in high clay, vertic soils. Micas are
primary minerals inherited from igneous andtamorphic rocks and sedimentary deposits and
can be present in the sand, silt, and clay sized fraction of soils. Vermiculite weathers from clay
mica minerals, or illite, through an edge weathering process which strips out interlayer cations
(Ransom eal., 1988). Vermiculite has been identified as a minor constituent in many vertic
soils. Trioctahedral vermiculite can be present in all particle size fractions, whereas dioctahedral
vermiculite, like smectite, is typically concentrated in the clayfsaion. Chlorite, hydroxyl
interlayered vermiculite (HIV), and hydroxiiterlayered smectite (HIS) have all been reported
in vertic soils as well as many types of interstratified phyllosilicates such as interstratified
kaolinite-smectite (Yerima et gl1985) and vermiculitsmectite (Carson and Dixon, 1972).

Minerals not in the phyllosilicate group are not of as great importance in vertic soils, and
so they have not received as much attention in previous studies. The most common include

guartz, feldsprs, iron and manganese oxides, and carbonates (Coulombe et &), 1996
1.3 Micromorphology of Soils with Vertic Properties

1.3.1 Micromorphology of Shear Features
The shrinkswell phenomenon in vertic soils creates vertic properties and features at both

the macroscopic and microscopic levels. Macroscopic features such as deep cracks, unigue
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structure, pressure faces, and slickensides have already been discussed. At the microscopic
level, plasma separations, stress cutans, and planar voids are clsti@ofeviertisols and vertic
intergrades (Blokhuis et al., 1988).

Lineated zones of oriented plasma (clay particles) in which clay platelets are stacked
faceto-face form within the microfabrics of vertic soils due to the shear stresses associated with
swdling. These elongated zones of oriented plasma are known as plasma separations and
represent zones of previous shear failure (Coulombe et al.a\3I8ing and Tessier, 1988).

They can occur in the soil matrix, around skeleton grains, and/or alotg) vbnese stress

oriented plasma fabrics fall into the sepic plasma fabrics as termed by Brewer (1964, 1976) and
the striated birefringence fabrics ofdbrics as termed by Bullock et al. (1985). Zones of

parallel oriented clay display interference ee|mr birefringence, when observed with cross
polarized light. This study uses the terminology used by Bullock et al. (1985) and Stoops
(2003), and reports from previous studies have been translated to fit this newer terminology.

Identification of stres®riented plasma fabrics can be achieved with the use of a scanning
electron microscope or in soil thin section using a petrographic microscope witipolaszed
light. According to Wilding and Tessier (1988) these shear zones reduce the strengtbodf th
fabric; thus, they enhance the formation of ped pressure faces and slickensides. The-striated b
fabrics are those associated with vertic properties (Gunal and Ransom, 2006b). Porostriated
(vosepic), granostriated (skelsepic), parallel striateds@mia), and crosstriated (lattisepic) b
fabrics indicate microshear (Wilding and Tessier, 1988; Wilding, 1985). Nettleton and Sleeman
(1985) cite many authors who found that shearing produced parallel striiedds within the
clay-sized material. Gunal and Ransom (2006a) found shrivkell associated striatedfabrics
in Bt horizons in central Kansas. Often the striatdaldvics occurred in the upper part of the
argillic horizons with higher COLE values (Gunal and Ransom, 2006a and 2006bjin&irea
both the horizontal and vertical directions is believed to produce-snoated fabric
(McCormick and Wilding, 1974). Blokhuis et al. (1988) organized thabbics found in vertic
and other high clay soils into three categories: swfalegedplasma separations, subcutanic
plasma separations, and unrelated plasma separations. Saléded plasma separations are
those bfabrics associated with the surfaces of voids and skeleton grains or nodules, and they
include porostriated and granosteid kfabrics. The occurance of theséalbrics has been
found to increase with depth generally to the zone of maximum slickenside development
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(Blokhuis et al., 1988). Subcutanic plasma separations are stritdbdds that are unrelated to
the surface of voids, grains, and nodules. Parallel striatéabinic is an example of these
subcutanic plasma separations. Unrelated plasma separations are not considered characteristic of
vertic soils by Blokhuis et al. (1988However they are commonly desbed in these type soils.
Speckled (asepic), stipple speckled (argillasepic or insepic), mosaic speckled (mosepic), random
striated (omnisepic), and cressiated (lattisepic) are considered unrelatddivics by Blokhuis
et al. (1988). Speckledfiabrics are described by Stoops (2003) as randomly arranged,
equidimensional domains of oriented clay which go extinct successively; whereas in striated b
fabrics, the oriented clay is present in elongated zones or streaks, at least 30 um long, in which
the donains show more or less simultaneous extinction.

Wilding and Drees (1988) found that these speckled and strid#datibs are often
masked by crystallitic4abrics of calcareous soils. Special techniques can be used to remove
the carbonates from thin sems in order to reveal maskeddbrics. Organic matter can also
mask bfabrics.

Void types found in vertic soils are not so different than other soils. Chambers, channels,
and vughs are all common, but planar voids tend to dominate at depths besonfahe
horizons. Planar voids are generally linear and can be jointed or oriented in oblique directions
(Blokhuis et al., 1988). Planar voids often form at shear planes and thus, represent slickensides

and pressure faces.

1.3.2 Other Pedofeatures

llluviation argillans may be found in vertic soils especially if shanlell processes and
pedoturbation are not severe. These argillans appear as clay films or coatings of oriented clay
surrounding skeleton grains or lining voids and ped faces. In sdisigit shrinkswell
potential, these argillans have often been interpreted as being relic features left over from a past
period of pedogenesis (Nettleton and Sleeman, 1985). As discussed earlierswhtink
processes tend to destroy evidence of prevetasilluviation and prevent new clay films from
forming on unstable ped faces. Distorted, embedded argillans are described as past
accumulations of oriented illuvial clay that have been deformed and embedded within the soil
matrix by pressure and sheayi(Stoops, 2003). Gunal and Ransom (2006b) described

embedded grain coatings as formed bgita modification of the micromass due to shévkell
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activity and did not consider them illuvial pedofeatures. Thick, continuous argillans were not
observed bysunal and Ransom (2006a) when cregted bfabric dominated. Other
pedofeatures identifiable in thin section include iron and manganese concentrations, carbonate

nodules, and papules (pseudomorphs of biotite mica) (Nettleton and Sleeman, 1985).

1.4 dassification of Soils with Vertic Properties

To classify as a Vertisol, a soil first must fail to meet the classification requirements for
Gelisols, Histosols, Spodosols, Andisols, and Oxisols according to thmutdiist system of
Keys to Soil Taxonom(Soil Survey Staff, 2006). After this, in general a soil must contain: 1) a
layer at least 25 cm thick with slickensides or wedgaped peds, 2) a clay content of at least 30
percent from the surface to a depth of at least 50 cm, or a lithic or lparatintact, duripan, or a
petrocalcic horizon if shallower, and 3) cracks that open and close periodigp#ygifically,

Keys to Soil Taxonomy requires:

1. Alayer 25 cm or more thick, with an upper boundary within 100 cm of the

mineral soil surfacehtt has either slickensides or wedd@aped peds that
have their long axes tilted 10 to 60 degrees form thizbntal; and

2. A weighted average of 30 percent or more clay in theefamth fraction either

between the mineral soil surface and a depttBadm or in an Ap horizon,
whichever is thicker, and 30 percent of more clay in thedamh fraction of

all horizons between a depth of 18 cm and either a depth of 50 cm or a densic,
lithic, or paralithic contact, a duripan, or a petietc horizon ifshallower; and

3. Cracks that open and close periodically.

There are six suborders of Vertisols that are recognized based upon aquic conditions, soil
temperature regime, and soil moisture regime. The suborders include Aquerts, Cryerts, Xererts,
Torrerts,Usterts, and Uderts. Soil moisture regimes for vertisols are differentiated based on the
duration that the cracks are open and closed (Soil Survey Staff, 1999).

Several of the other soil orders contain vertic subgroups for recognizing soils with vertic
properties that do not meet the Vertisol requirements. There are basically two kinds of these
vertic intergrades. There are soils that show evidence of shrinking and swelling due to
fluctuations in moisture content, but they do not meet the minimum esgeints for vertisols.

The other type of vertic intergrade actually shows little or no evidence of soil movement, but
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they have potential for soil movement due to relatively high COLE values. Often, these soils do
not experience a fluctuation in moistuw@ntent great enough to produce significant shrinking
and swelling (Soil Survey Staff, 1999).

1.5 K" and NH," Fixation in Soils with Vertic Properties

Many vertic and claypan soils have the capacity to both fix and reléameddNH,". K*
and NH," have smilar selectivity on exchange sites of clay minerals because they are similar in
charge, size, and hydration energy. High clay contents and high cation exchange capacities
contribute to the adsorption and release baKd NH;". Pal and Durge (1987) fodrthe coarse
and fine clay fractions to be responsible for most of théxation. However, K and NH,"
fixation does occur within the silt fraction. Other factors such as the type of clay minerals, site
and amount of layer charge of clay minerals,atéoh in moisture and temperature conditions,
topographic position, and the type of cation and electrolyte concentration also play a role in
controlling the retention and release dfahd NH;," (Coulombe et al., 1996). These factors
should receive attemtin when considering soil fertility management in high clay, vertic and
claypan soils.

The type and abundance of phyllosilicate minerals along with their layer charge is
probably the most important factor governingatad NH," fixation. Vermiculite minera are
known for their ability to fix K ions within their interlayers. Carson and Dixon (1972) and
Dixon (1982) reported that vermiculite and mica control thedectivity in certain Vertisols in
Texas. As discussed earlier, smectitic minerals witérlaliarges in the range of vermiculite
(0.6 to 0.9 electron per half unit cell) have been identified and would thus also be ableto fix K
and NH," (Chen et al., 1989; Badraoui and Bloom, 1990). The primary site (tetrahedral or
octahedral) of isomorphowssibstitution, or source of layer charge, is also an important factor
influencing ion retention. Chen et al. (1989) and Badraoui and Bloom (1990) found the charge
in these high charge smectites to be distributed between both the tetrahedral and octahedral
sheets with the majority of the layer charge coming from the tetrahedral sheet. With much of the
negative charge located in the tetrahedral sheets, the distance between the source of negative
charge and interlayer cations is reduced, and the force aftaitr between the opposing charges
is increased, which cause interlayer cations to be retained. High layer charge smectites with a
layer charge in the range of 0.45 to 0.6 also have been found to contribitartd KH;"
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retention. Above a layer charge0.45, K and NH;" are not freely exchangeable (Tessier and
Pédro, 1987). According to Coulombe et al. (1996)dfention was not considered a major
problem in Vertisols dominated by smectitic mineralogy before the recognition of these high
charge smétites. Interstratified clay minerals with layer charges within the high charge smectite
and vermiculite ranges may also influencead NH," retention and release. A high layer

charge and the site of charge deficiency are very important attributeeting to K and

NH," fixation.

Variation in temperature and moisture conditions, which can be influenced by topography
as well as climate, has also been related’tariti NH," fixation. Shadfan (1983) and Thompson
and Beckmann (1982) reported that iesbils in the higher landscape positions contained
greater amounts of exchangeabletian those at lower areas. This was attributed to the
differences in drainage, moisture fluctuations, and temperalu@dition,the concentration of
K*and NH," and other ions present in the soil environment is a fundamental factor involved with
fixation and release from exchange sites (Bouabid et al., 1991). With a recent additipaiof K
drying gererally causes significant fixation (Olk et al., 1995). Areiase in K fertilizer rate
was reported to be a factor responsible foNitation which caused a decrease in rice yield in
vertic soils dominated by high charge smectite (Chen et al., 1989). Simonsson et al. (2007 and
2009) found K fixation to increae as a function of the'Kertilization rate in long term field
experiments. They also found that fiértilization and the resulting fixation impacted soil
mineralogical content by increasing the clay mica/illite component. These are important

considergion for the management of vertic soils.
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CHAPTER 2 - Morphology, Genesis, and Classification of Vertic
Soils in the Cherokee Prairies Major Land Resource Area of

Kansas

2.1 Abstract

Many of the soils of the Cherokee Prairies of southeastern Kansas are characterized by
high clay contents and high shrislwell potentials. The fine sediments that make up these vertic
soils are dominantly provided by the local parent materials, namely alluvium, colluvium, and
residuum derived from weathered Pennsylvanian and Permian shales and limestones. The
objective ofthis study was to describe the morphology envestigate processes of sgénesis
in these vertic, claypan soil$actors and environmental conditions influencing the expression
of vertic characteristics were examinetkn pedons were sampled by honznd described in
the field. Laboratory analyses were conducted and included patrticle size distribution, coefficient
of linear extensibility (COLE), pH, total carbon, and cation exchange capacity (Gisly.
morphology dominantly reflected the geologerent materials available in the region as well as
the significant weathering provided by the humid continental climate with an average annual
rainfall of 865 to 1,145 millimetersThe dominant pedogenic processes currently at work are
clay illuviationand shrinkswell processesRelatively high COLE values were found in all soils.
Silty surface soils overly high shirdwell argillic horizons at all butvo of the sites In these
claypan soilsthe shrinkswell potential of the argillic horizon is nfatlly expressed as the
subsurface horizons dry out less rapidly and are not as subject to differential wetting by
preferential flow down surface cracks due to the buffering effect of thexmensive top soil.

Sites 6 and 7 classify as Vertisols, ancangillic horizon or clay films were describeth these

two soils shrink-swell and pedoturbation provides great enough mixing of surface and
subsurface horizons to effectively counteract downward clay translocation. This action
maintains a clayey, higBOLE value surface, as well as deep cracking that extendsdoithe
surface. Subtle changes in parent material and landscape position are suspected to cause the

differences in vertic characteristics found in this study.
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2.2 Introduction

The Cherokeeiries Major Land Resource Area (MLRA 112) is an atearacterized
by gently sloping to rolling, dissected plagituated within Kansas, Missouri, and Oklahonra
southeastern Kansake region is bounded on the north by the Kansas River and oreséyv
the Flint Hills physiographic region_Local relief is typically only one to three meters, and major
valleys are generally less than 25 meters below adjacent uplisiedsly the entire region is
underlain withalternating layers dPennsylvanian ahMississippian aged marinbales,
limestones, and sastbnes.The soils reflect this geology, and multiple parent materials are
often described. Soils form loess, alluvium, colluvium, and residuum.

Many of the soils in the Cherokee Prairies are attarized by high clay contents and
high shrinkswell potentials.Most soils in this region are not classified as Vertisols; however,
theirvertic properties and claypan characteristics cause soil management to be difficult and pose
problems for agriculttal, environmental, and engineering us¥grtic soils occur in many areas
around the globe such as Australia, India, the Sudan, and in the United States.Kholfexcand
Slosson (1980) estimated that up to 20% of the U.S. may be mantled with bEts smshrink
swell behavior.Vertisols have been widely studied by the engineering community because of
the structural challenges they pose to building foundations, highways, piplines, etc. (Buol et al.,
1980). Despite their problemeertic soils areyenerally known for having high fertility and have
proven to be highly productive agricultural soils. Water management is an important concept
when farming high clay, vertic soils. Producers must be able to properly time operations to deal
with excesseand deficits of water (Ahmad, 1996). Thus, collecting more information and
improving our understanding of vertic soils is an important step towards bettering our soll
management techniques.

The genesis of nearly all Vertisols and vertic intergraddspgndent upon two
conditions: 1) a large quantity of expandable clay; and 2) a seasordiynssiclethatcaussthe
expansion and contraction of the soil material (Soil Survey Staff, 1998hin these two
requirements there exists a wislgectrumof vertic characteristics and propertiégertic soils
occur in nearly every major climatic zone and under many different vegetation types. Parent
material is one of the most important factors involved in the formation and distribution of vertic

soils. Vertic soils develop on a wide range of parent matemaluding alluvial, colluvial and
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lacustrine deposits, marl and other calcareaous rocks, limestone, shales, igneous, metamorphic
and volcanic rocks of basic nature. Vertisols are known to developsatidm Australia,

gneisses and sandstones in India, and glacastrine materials in Saskatchewan (Dudal, 1965;
Ahmad, 1983; Probert et al., 1987; Coulombe et al., 1996; Dasog et al., 1987). For the most part
in the U.S., they develop on calcareolas/©r in residuum weathered from soft, calcareous
sedimentary rocks (Ahmad, 1996). The smectitic clays may be inherited from the original rock
parent material or may have formed in place as a result of neogenesis or transformations from
primary minerals.The limestones and shales present in southeastern Kaesaslirect source

for much of the clay mineral contenVertic parent materials commonly have a high base status
thatfavors formation and stability of clay minerals (Coulombe et al., 199&)r drainage also

favors the formation of smectites.

Althoughthe shrinkswell phenomenon responsible for the formation of vertic properties
has been studied extensively, it is still incompletely understood. Linear and normal gilgai, cyclic
horizons, surfee cracking upon desiccation, and the formation of slickensides all can result from
this process (Soil Survey Staff, 1999). Wilding and Tessier (1988) and Coulombe et al. (1996)
provide excellent reviews diie current ideas surroundingiisol genesisicluding summaries
of variouspedogenic modelsThe pedoturbation model, or sslivallowing model, as proposed
by Buol et al. (1980) suggests that surface soil is disturbed and falls into shrinkage cracks. Upon
rewetting, the cracks close as the soilenat expands; however, because the fallen surface soil
is occupying a portion of the initial soil volume, a space problem is credtad results in high
pressures, which are relieved by displacing the soil to the sides and upwards, forming
slickensidesgilgai, and other vertic featurednother pedogenic model of Vertisol formation is
the soil mechanics model first proposed by Howard (1932) and later supported by Yaalon and
Kalmar (1978). In this model, differential wettinfithe subsoiby preferetial flow along
cracks causes horizontal and vertical stresses in excess of the shear strigregsioil, resulting
in shear failure planes or slickensides (Wilding, 1985). QHleth of these processescur
simultaneously However, most current ingégations cite the soil mechanics modsglbeing
primarily responsible for Vertisol formation. Nordt et al. (2004) and Dasog et al. (1987) support
this idea. Both studies found the depth of cracking was above the zone of maximum slickenside
development.Therefore Nordt et al.(2004)concluded that the soil mechanics model best
explains the preservatiof systematic pedogenic depth functions for many soil properties such
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as color, organic carbon, calcium carbonate, pH, and the formation of slickeriEides

suggests the pedoturbation model is of lesser importdhorlt et al. (2004) also noted that
cracks were never observed during sampling of a Vertisol formed in a udic moisture regime on
the coastal plain of Texaddany interconnected factors inénce theshink-swell phenomenon
including the soil fabric, specific surface area, soil moisture content, clay mineralogy, etc.
(Wilding and Tessier, 1988).

Although the process of shrinking and swelling is very important, it does not preclude the
formation of diagnostic horizons and features. Other pedogenic processes are responsible for
variations among Vertisols and vertic intergrades. These processes include accumulation of
organic matter, carbonates, gypsum, and soluble salts, and acidificatieagg®through
leaching (Eswaran et al., 1988). Clay translocation in vertic soils is not usually well expressed
due to shrinking and swelling and the constant mixing of pedoturbation. However, it is still a
common and important process occurring in tledggey soils. Welkexpressed clay skins are
not generally preserved and any translocated clay is engulfed in the matrix or slickensides as a
result of shrinking and swelling. Nettleton et al. (1969) studied argillic horizons in which clay
skins were alEnt in areas of desert and mediterranean climates in the southwestern U.S. They
found that clay skins were absent in horizons halimagar extensibility values greater than 4
percentor a masepic or omnisepic plasmic fabrfday skins were present imeivalent
horizons having low shrirkwell potentials and an insepic or mosepic plasmic fabric. They
concluded that clay may be illuviated but clay skins could not form because ped faces did not
persist long enough due to shrinking and swelling moven#ssb, preexisting clay skins could
be destroyed by shrirkwell. They added that these findings should only apply to desert or
mediterranean climates and that clay skins may very well form in séwek soils of more
humid environments (Nettleton et,&1969). Blokhuis (1982) cited several reports of clay
illuviation expressed as thin cutans found in vertisols.

The oljective of this study was to describe the morphology and genesis of claypan soils
in the Cherokee Prairies Major Land Resource Area (MIR2). Features of soil development
and pedogenic processes curreatting uporthese soils will be identified and discussédhe
soils selected for this study were hypothesized to express varying degrees of vertic

characteristics. Therefore, fact@rsd environmental conditions influencing the expression of
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these vertic characteristics will be examined as well as the classification of thessiagieys
to Soil TaxonomySoil Survey Staff, 2010)

2.3 Materials and Methods

2.3.1 Description of thé&tudy Area
2.3.1.1 Location and Physiography

The Cherokee Prairies Major Land Resource Area (MLRA 112) is arclaeacterized
by gently sloping to rolling, dissected plagituated within Kansas, Missouri, and Oklahoma
(Fig. 2.1) A section of this rgion and the area in which all sampling occurred for this study is
referred to as the Osage Questas physiographic region of Kdnsmitheastern Kansabke
region is bounded on the north by the Kansas River and on the west by the Flint Hills
physiogrghic region. The foundation rocks of this region are among the oldest exposed in
Kansas. The Osage Cuestas are typified by rolling hills and low ridges tisanaehasteep
on one side and gently sloping on the other. These landforms are known as.taoeat relief
is typically only one to three meters, and major valleys are generally less than 25 meters below
adjacent upland@viLRA Explorer Custom Report, 2006 total of ten pedons we selected
for this study.Pedons were sampled in the follogicountiesOsage, Franklin, Miami,

Woodson, Allen, Wilson, and Neosho.

2.3.1.2 Geology and Parent Materials

The entire study area is underlain with alternating layers of Pennsylvageahshales,
limestones, and sandstones. The soils reflect thisggohnd multiple parent materials are
often described. Soils form in residuum, colluvium/local alluvium, and alluvium. It is also very
common to find a thin loess cap on upland areas throughout this r&pdrderived from
residuum forms in the 300ilion year old Pennsylvanian deposits of limestone, shale, or
sandstone. Alluvial soil® stream valleyseem tdorm in similar sedimentas nearly all of the
rivers in this region have their headwaters located within the region or within the FlatcHil
the westwhich has a similar limestone and shale geoldgyess having blownin from the west
during the Pleistocene and Holocene, is thought to have contributed a significant amount of

sedment to this regionHowever, sce the time of depositn most of the loessedimentas
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beentransported by water and gravity, mixedwither parent materials, and redepositied.
many of the studied soilbit is evidencetdy the lack ofa clarly defined boundary between the
loessmantleandthe underlyingparent material On these relatively old landscapparent
material changes are not always easily discernalttesoil profile. Several soils observed in
this study show evidence of having paleosols representing past land surfaces; hbssses
that time and ongoing pedogenic processes have welded the old and new soils together.

The Pennsylvanian rocks in Ksas have been extensively studied. These sedimentary
beds are well known for their lateral extensiveness especially in relation to their small
thicknesses. Their cyclic nature is also a very distinguishing charactehistact, R.C. Moore
developedhe concept of cyclic sedimentation in the 1930s while studying theser
Pennsylvanian and Lower Permian deposksr the most part the deposits consist of marine
limestone and shale, alternating with rraarine, clastic shale and sandstombe cycic
sedimentation patterns were termed cyclothems by Moore, and they have become widely
acceptedn the geologic communitgCubitt, 1979; Merriam, 1963; Moore, 1949Cyclothems
are related to the regular fluctuationglod shallow sea which covergde mdcontinent of North
Americaduring the PennsylvanidPeriod Changes in the sea level resulted from the melting
and freezing of polar ice caps and tectonic movemeirsidealcylothem goes through a non
marine to marine to nemarine succession and repents a single advance and retreat of the sea.
As sea level rose and fell, the shoreline migrated back and forth across the midcontinent area
(Merriam, 1963) The limestone andalcareous shale wedeposited during periods of
maximum marine transgress; while at times when sdavel fell, deltas and rivechannels
developed and were infilled with sarsilt, or claywith the particle size depending upon the
distance from the source area and the water dédin-marineshale accumulated as floodplain
and delta mud (silt and clay), and the sandstone fills former river and delta channels. Coal beds
formed in lagoons or estuaries, and thin limestone beds represent minor marine in¢alsons
2005) Soil textures in this study reflect the clayey nataf the shale deposj@nd much of the
clay is hypothesized to have been inherited from the parent materials. Clay weathering from
limestone has also most likely contributed to the high clay contents often found in this part of
Kansas.

During the Penndyanian North America was situated over the equator and experienced
a mild, tropical climate While the Kansas region was relatively stable dutimgtime great
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tectonic events took place to the east, south, and WastAppalachian and Ouachita nmbain
systems were thrust up as North America collided with a vast southern continent named
Gondwanawhich included modern Africa, South America, India, Australia and Antarclibe.
result of these collisions walse creation of a supercontinent nanfeahgaea meaning all lands,
which encompassed all modern continents. Meanwhile to the west, the Ancestral Rocky
Mountains were uplifted in Colorado adjacent to a convergent plate boundary on the margin of
the continen{Aber, 2005) Surrounding Kansas duag the Pennsylvanian and Permian was a
series of mountain ranges stretching from the Ozarks of Missouri to theHlec&f South
Dakota These were the major sources of sediment for the Kansas Basins, and tectonic events
within the mountain regions praded dramatic changes in sediment deposition in the shelf seas
of Kansas and Coloraddt has been speculated that the cyclic nature of subduction and the
subsequent mountain uplift helps to account for the regular repetition of clastic shales and
sandstaes in the Pennsylvanian and Permian rocks. Thus, during periods of aptifiend
resulting erosion, fAclastic wedgeso would spr
mountains in Texas, Oklahoma, Arkansas, and Missduwrithe north and egsteltaic lowlands
stretching from North Dakota to the Ozark Dome also supplied limited amounts of sediment to
the basins in Kansg€ubitt, 1979)

Since the Pennsylvaniaiectonic forces have tilted thesgata in eastern Kansas, and
they now dip graduaflito the west and northwest. This gemtip and the differential erosion
that has taken place over millions of years combines to form the rolling, cuesta larfdscape
which the region is named.imestone and some sandstonap uplands and form escarpnts
or benchesrending generally north and soutiith relatively steep east fact#satgently slog to
the west Shales generalljorm gently rolling plains or lowlands, and commonly they occur in
the lower slopes of escarpments beneath the prote@mgfdard strata which make the top of
the escarpmen{®loore, 1949) The many east and southeast flowing streams have incised into
these escarpments and dissected the landscape carrying awayvamnkimg thousands of feet
sedimentary material over tan

Study of Pleistocene geology in Kansas has shown that geologic events that occurred
during this time have shaped the landscapes into what they are factaording to Frye and
Leonard (1952) Kansas during the Late Tertiary was a vast alluvial andralgsiainsloping
gently eastward with little topographic relief. The early Pleistocene was a time of great erosion
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and valley deepeningspecially in eastern Kansa8ber (1997 )supports this and suggests that
erosion in regions to the east and weghefFlint Hills occurred at a greater rate than inFlet
Hills region capped by very resistant cherty limestones. Thus, it was during this time that the
Flint Hills emergedasa bedrockcontrolled upland. Nearly all of Kansas has been either directl
or indirectly influencd by the glacial advances and interglacial periods that occurred throughout
the Pleistocene. In generpériods of glacial advance are associated with erosion and stream
downcutting while periods of glacial retreat were depasai@eriodsof stream alluviation and
eolian deposition. Geologically stable times existed during interglacial periods as evidenced by
several stratigraphically important paleog#isye and Leonard, 1952)

The southern Flint Hills and the Osage Questaon of southeast Kansas show the least
influenceof glaciation. The southerly extent of glaciations in Kansas is generally bounded by
the Kansas River valley. Drainagaghe study area have their headwaters in the Flint Hills and
draintotheeasted sout heast . Frye and Leonard (1952)
Tertiary the Flint Hills became a major drainage divide separating two strongly contrasting
depositional provinced.According to this ideano alluvial material has entered thedge
Questa drainage area either from west of the Flint Hills or from north of the Kansas River. Frye
and Leonard (1952) state this in sayi-ng that
fourth of Kansas are entirely attributable to the PerrarahPennsylvanian rocks eastward from
and including he Her i ngton Limestone. 0 The Tertiary
deposits of chert gravel found on drainage divides, isolated hilltops, and high terraces throughout
eastern KansaslThese lagrs composed of crudelgedded chert derived from the cherty, lower
Permian limestonesyere deposited late Tertiary or early Quaternary stream channels which
would have been the lowest landscape positions at the After. much erosion through str@a
channel shifting and cutting, these former low points nawenty occupy thehigh positiors in
thelandscape suggestitag inversion of the topography since their time of depositirge and
Leonard report that many of these chert gravel depositsdnaad clay matrix and an absence of
limestone gravel suggesting these deposits are highly weathered and have been at the surface for
much of the Quaternalyrye and Leonard, 1952)

While studying these chert gravel deposit§. Aberfound trace amauts (less than 1%)
of quartzite and other exotic pebbles on hill tops and high terraces throughout the region (Aber,
1997). He concludethe origin of these exotic pebblegas froma Tertiary or Cretaceousource
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west of the Flint Hillssuch as the arkimsalluvial sediments of the WellingteMcPherson

Arkansas River Lowlandsnd, in contrast to Frye and Leonattht a drainage did in fact exist
through the Flint Hills in the late Tertiarye proposed that the ancestral Arkansas River flowed
from theWichita vicinity eastward across what would become the Flint Hills and into what is
now the Fall River drainage basin. He further proposed that a through drainage occurred near
where the current Cottonwoddeosho River flows across Marion, Chase, Lyom, @offey

counties These rivers would have brought sediment from the High Plains region into eastern
Kansas. According to Abgthe ancestral drainages in eastern Kansas bear no relation to many
of the modern rivegrsand through a series of stream cagguand ongoing channel shifting
throughout the Pleistocene they have evolved into their curren{Atstg 1997)

Despitethese conflicting views on Tertiary and Quaternary drainage development, the
fact remains that very little of this exotic sedimkas been found in the chert gravels of eastern
KansagAber, 1997) In the event that rivers did carry western sediment into eastern Kasas
during the Tertiary, it is presumed that subsequent erosion removed these dethasithan
trace amounts leftédhind) By the time streams were cutting into the cherty, lower Permian
limestones in the Flint Hillghe through drainage across the Flint Hills must have been cut off
since these deposits are nearly 99 percent chert derived solely from the FlinT hiilts.soil
forming parent materials in the study area generally include only Pennsylvanian bedrock, various
aged alluvium derived from local Pennsylvanian and lower Perbaenck, and relatively
small quantities of Pleistocene loess.

2.3.1.3 Climate ad Vege¢ation
The soils in this study area dominantly have a thesmilctemperature regime andidic
soil moisture regimeSome soils classify with aquic conditionEhe average annual
temperature ranges from 11 to 17 “Cheregion has a humid con@éntal climateandaverage
annual rainfalbf 865 to 1,145 millimetersMost precipitation falls from higimtensity,
convective thunderstorms from late spring through autumn. This area receives more rainfall than
all other parts of KansasSoils of thisstudy originally developed under a prairie grassland
vegetatiofMLRA Explorer Custom Report, 2006)
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2.3.2 Field Description and Sampling

Ten pedons were used in this study. Four pedons were sampled through the spring and
summer of 2009. These pedongludle:Site 1Bucyrus 09KS13900Site 2Woodson
09KS059001Site 3Aliceville 09KS121001, an&ite 4Summit 09KS207001. The remaining
six pedons were sampled and described by Natural Resource Conservation Service (NRCS) soil
scientists prior to the begiimg of this study.These pedons include: Site 5 Woodson
73KS001003, Site 6 Zaar 05KS205002, Site 7 Zaar 97KS205001, Site 8 Kenoma 05KS133003,
Site 9 Parsons 06KS133001, and Site 10 Eram 86KS133ibsamples and thin sections
were retrieved from thBIRCS Solil Survey archive in Lincoln, Nebraska, for additional
laboratory and micromorphology analysis. All pedaese sampled by excavating to a depth of
one to two meters with a backhoe. Pedons were described using the Field Book for Describing
and Sarpling Soils (Schoenenberger et al., 2002). For each horizon, bulk samples were taken
for laboratory characterizatiponriented clods were collected for thin section preparation, and un

oriented clods were sampled and coate8amn for bulk density measement.

2.3.3 Laboratory Characterization

Laboratory analyses performed by the Kansas State University Soil Characterization
Laboratory will be described. Other laboratory data generated by the National Soil Survey
Laboratory will be presentaalith the results. Bulk samples were allowed to air dry and then
were ground with a wooden rolling pin and passed through a No. 10 sieve with 2 mm square
openings.Soil pH was determined in a 1:1 soil to water suspension as well as a 1:2 soil to 0.1 M
CacCl solutionratio usingmethod 4Cla2alal and 4Cla2a2al, respecthilihe Soil Survey
LaboratoryMethods Manua{Soil Survey Laboratory Staff004. Total carbon and total
nitrogen were determined using a hilgaquency induction furnace (Leco Model CGi2800, $.
Joseph, Mi¥ollowing the procedure of Tabatabai and Bremner (19P@)ticle size distribution
was determined using a modification of the pipet method of Kilmer and Alexander (1949) and
method 3A1 form the Soil Survey Laboratory Methods Manual (&ovey Laboratory Staff,
2004). Organic matter was removed prior to particle size andiymis samples containing

greater than 1.7% total C with 30% hydrogen peraxide

2.4 Results and Discussion
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The field morphology of these soils dominantly reflecesdkologic parent materials
presenin the Osage Questa region of Kansas. On the level, upitasd thin, silty textured
loess cap was often observed. Colluvium or alluvium derived from weathered shale and
limestone was described in all soils. Theegems to be confusion as to the nature of this
colluvium/alluvium among soil scientists in Kansas. Many of these soils were originally mapped
with the parent materi al described with the t
the general agef aleposition as much of these soils occur across ancient terraces and rolling
uplands far from the current floodplain. These broad, ancient terraces have often been called
Apal eoterraceso and are thought tonambave for me
drainage development in the late Tertiary and Pleistocene. It seems that soil mappers in the past
have hesitated to describe alluvium and colluvium on high terraces and rolling ugtignelat
distancedrom the current floodplains. However, theer systems in this region have migrated
and changed courses several times throughout the Quaternary leaving alluvial deposits on
hilltops and effectively causing an inversion
exactly what they appear bei water and gravity transported sediment composed of weathered
shale and limestone from both the Osage Questas and the Flint Hills regions. It is often difficult
to determine a definite boundary between alluvial/colluvial material and underlyinguesid
composed of highly weathered shale.

Dominant pedogenic processes currently at work are clay illuviation and-skeik
processes. Theumidclimate of this region provides adequate precipitafioorciay
translocatiorand the formation of clay filmgn the surfaces of peds and voids. Clay films are
observedn the fieldin the majority of soils in the region; however, they are best expressed in
soils exhibiting the least shrirdwell potential. The reverse is true in that soils exhibiting high
shrink-swell potential have less strongly developed clay films or none at all. Soils of the Zaar
series in this studghowed little evidence of clay illuviatipand an argillic horizon was not
described.Clay illuviation and shrinkswell tend to be opposimedogenic processes because
the soil movement associated with shéwell and pedoturbatioacts to destroy ped faces before
clay has the opportunity to accumulate. These two processes occur simultangébesgfore, it
could be conceived that if thate of clayilluviation exceeded the rate at whishrink-swell
could destroy ped faces, then accumulations of translocated clay would be observable-in shrink
swell soils. Results of this studhow that given the right climasad soil conditionsclay ®ils
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can develop relatively well expressed clay films and argillic horizons while having moderate

vertic characteristics.

2.4.1 Macomorphology/ Field Descriptions

2.4.1.1 Site 1

Pedon 09KS139001 was sampfeain aprairie hay field in eastern Osage Coujoist
north of Pmona Lake.Table 2.1 displays site characteristics for each pedbe.soil pt was
dug on a backslope of amerfluve near a short escarpment that appeared to have formed due to
erosion when the field was in cultivatiomhe slope wameasured as 4 percenfthe slope faced
generally southeast and sloped down to an ephemeral stream just to the east. The nearest large
streamnow feeding into Pomona Lake is One Hundred Ten Mile Cregikh joins the Marais
des Cygnes River a feilometeas south of the lake. Site 1 is located within a delineation of
Eramsilty clay loam, 3 to 7 percent slopes (map unit 8735), but the lower part of the pedon is
formed in limestone instead of shale and is deeper than the typical Eram soil. The pedon is
taxadjunct to the Bucyrus series and outside the range because it does not classify as a Paleudoll.
Colors in the lower argillic horizon are not red enough. Aliceville is also a similar soil, but it is
outside the range of that series because the limektmiteck is below 150 cm. The drainage
class is moderately well. Parent materials were described as coll(BAL®O cm)over
residuum(100-200 cm)weathered from cherty limestenTable 2.2 gives pedon characteristics
for each soil. Although not desdbped, there is probably a thin loess cap mixed with the upper
colluvial materials, and the boundary between loess and colluvium is not clearly discernible.
Indurated limestone bedrock was observed at 186 cm and is likely a member of the Lecompton
Limestore Formation of the Shawnee Groupn argillic horizon and clay films were described
from 46 cm to bedrock. Common slickensides were found occurring from 81 cm to heshdck
prismatic structure parting to subangular blocky structure occurred throubkaitbsoil
Redoximorphic features weabserved from 46 cm to bedrock, and 1 to 3 percent chert
fragments were described from 11 cm to bedrdlckble 2.3 shows selected field morphology
data for each pedon.

2.4.1.2 Site 2
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Pedon 09KS05900&/as sampledii a brome hay fieldn the Kansas State University
East Central Experiment Field south of Ottawa, Kansas, in Franklin C@tigty22). The site
had at one time been in row crop production, but at time of sampling it had been in brome for
several yearsThe whole field was nearly level plairwith portions slightly rolling The slope
was 1 percent, and landscape position was descriteeseay gradual shoulder of an interfluve
(Table 2.1) From this pointwater flows into an ephemeral stream whigimg the Marais des
Cygnes River to the north. Major streams to the south include Middle Creek and Pottawatomie
Creek both of which eventually flow into the Marais des Cygnes River to theTdessite is
located on the boundary between delineationdobdson 0 to 1 percent slop@sap unit 8962)
and Woodson 1 to 3 percent slopd@$e drainage class is somewhat poorly. Parent materials
described include loess over clayey alluvium derived from weathered shale; however, there is no
observable lithologidiscontinuity where loess ends and alluvium begins. It was also considered
that the bottom of the profile was composed of highly weathered residuum derived from shale
(Table 2.2). A relatively abrupt textural change occurred where the argillic hoepam lat 26
cm. Silt coatings were obserdén the lower A and upper Btl horizons on vertical faces of peds.
Slickensides were encountered fréfto 117 cm, and the structure was prismatic parting to
subangular blocky through most of the subsoil (Tak8g. 2Colors in this soil were particularly
dark turning to low chroma gragplorswith depth. Redoximorphic features and aquic

conditions were described starting atc2@

2.4.1.3 Site 3

Pedon 09KS121001 was sampteda grassy hilltop near Miola Lakerttzeast of Paola,
Kansas, in Miami County. The slope was measured as 2 percent on a summit of and interfluve
(Table 2.1) The nearest stream which feeds Miola Lake is Sixmile Creek. Water from this
creek eventually flows into the Marais des Cygnes Rsweeth of PaolaAt time of sampling
the site area was mapped as Catoosa silt loam, peoc8nislopes (map unit 8645), batter
completion of the current MLRA 112 update projélse map unit will be changed to Wagstaft.
The Aliceville series is aommon deeper inclusion of Wagstaff map units. The drainage class is
moderately well. Parent materials were described as loess over residuum weathered from
limestong(Table 2.2) There was no clear discontinuity between loess and residuum. The

limestore bedrock encountered at 140 cm is one of the members of the lola Limestone
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Formation of the Kansas City Groupin argillic horizon and clay films were described from 45

cm to bedrocKTable 2.3) Common slickensides were found in the horizon overheg t

bedrock, and prismatic structure occurred from 31 cm to bedrock. Redoximorphic features were
observed starting at 45 cm.

2.4.1.4 Site 4

Pedon 09KS207001 was sampled in a large prairie southeast of Yates Center, Kansas, in
Woodson CountyFig. 23 and 24). The soil pit was excavated on a 4 percent backslope of an
interfluve (Table 2.1) The site is nearly located on a drainage divide. Water flowing east goes
into an ephemeral gully that eventually becomes South Owl Crdseéh empties into the
Neoslo Riverin southwestern Allen CountyWater flowing south enters an ephemeral gully
connected to Sandy Creefithich empties into the Verdigris Rivar northwestern Wilson
County The site was located wiiin a delineation of Ringo silty clay loam, 3 t@&rcent slopes
(map unit 8871put is very near the boundary to Summit 1 to 3 percent slopes. The pedon
description fits the Summit series beBtrainage class is somewhat poorRarent material
described include loess over colluvium over residuumatihered from limestone and shale
(Table 2.2) The boundary between loess and colluvium is not clearly discernible. This suggests
a considerable amount of soil mixinghich may be attributed to both erosideposition
processes and shrisiwvell, pedoturhtion processes. The colluvial material is most likely a
mixure of colluviated loess and transported material derived from weather shale and limestone.
Residuum is considered to start at 177 cm. The bottom of the profile was beginning to look like
shale and it was assumed that shale would not be too much deeper. The shale belongs to a
member of the Douglas Groufhe argillic horizon and clay films were described from 29 cm
to depth (Table 2.3though the textural change at the top of the argillimisas abrupt as in the
Woodson seriesCommon to many strongly expressed slickensides were present thoughout
much of the profile (5210 cm). Prismatic and wedge structure occufn@a 29 cm to depth.
It should be noted that although wedge strucitvae observed, no subsurfasteucturalwaviness
associated with gilgai topography was apparent in any of the peBadeximorphic features

were observed starting at 18 cm.

2.4.1.5 Site 5
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Pedon 73KS001003 was sampled arearly leveluplandwith aslopeof 1 percentn
southern Allen Count{Table 2.1) The nearest stream is Goose Creek just to the east. This
stream flows into Big Creek to the south which eventually empties into the Neosho River in
northern Neosho Countylhe site is mapped in an ar@faZaar silty clay, 1 to 3 percent slopes
(map unit 8991). Drainage class is somewhat poorly. Soil material is composed of sediments
high in clay. Possible parent materials include loess, alluvium derived from weathered shale and
limestone, and residuufrom highly weathered sha(@able 2.2) No lithic or paralithic contact
was described in this soillhe argillic horizon starts at 20 cm where there is an abrupt textural

change. Slickensides were note@ne horizon from 97 to 132 cfable 2.3)

24.1.6 Site 6

Pedon 05KS205002 was sampie row cropped field just north of Fredonia, Kansas,
in Wilson County. The site was located a nearly level (0.2 percent slope) toeslope of a large
terrace described as a paleoterface miles wide and origad northnortheast by south
southwest{Table 2.1) Water from this field flows through ephemeral streanthéd-all River
just a few miles south. However, the site is not far from the drainage divide where water flows
northward to th&/erdigris River. The area is mapped as Zaar silty clay, 0 to 1 percent slopes
(map unit 8990), and the drainage class is somewhat poorly. The parent material is described as
fine, clayey alluvium most likely derived from weathered shale and lime§iaide 2.2) A
cambc horizon is described from 56 to 212 cido clay films or argillic horizon was described.
This suggests either very little clay translocation is occurring in this soil or, more tlaty,
translocation is occurring but shiskvell soil movement is asing all evidence of it. Pressure
faces and slickensides were observed from 28 cm to the bottom of the profile at 212 cm, and
prismatic structure parting to subangular blocky structure dominated the majority of the profile
(Table 2.3). Redoximorphic faaes and aquic conditions were described from 28 to 212lcm.
to 5 percent coarse, prominent, spherical, strongly cemented carbonate concretions were present

in the matrix fromb6 cm to depth.

2.4.1.7 Site 7
Pedon 97KS20500&/as sampleth a rowcroppedfield about ten km south of Fredonia,
Kansas, irsouthwesWilson County. The site was located on a 1 percent, concave footslope

(Table 2.1).Water from the field flows into ephemeral EIm Creek which flows south to join
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Duck Creek.Duck Creek joins th&lk River in northwest Montgomery County, and it

eventually ends up in the Verdigris River near Independence, Kansas. Also the Fall River
drainage basin is just a few miles north of the site. Like site 6, this site is also mapped as Zaar
silty clay, 0 tol percent slopes (map unit 8990), and the drainage class is somewhat poorly
Likely parent materials include clayey alluvium derived from weathered shale and limestone and
residuum of weathered limestone (Table 2 &so similar to site 6, no argilliborizon or clay

films were observed in this sdilfable 2.3) A cambic horizon is described from 53 to 179 cm.

A lithic contact occurred at 179 caf hard limestone bedrock described as a Cr (179 to 219 cm)
and an R at 219 cm. Slickensides were fouathf63 cm to bedrock. Redoximorphic features

and aquic conditions occurred from 22 cm to bedrdcto 5 percent weakly cemented

carbonate concretions were found from 53 to 179 cm.

2.4.1.8 Site 8

Pedon 05KS133003 was sampled in a-mvapped field north foGalesburg, Kansas, in
Neosho County. The site was located on a 0.5 percent toeslope of a pale(tairbeca.1).
Water from this field flows into Rock Cregkhich joins the Neosho River abaik kilometers
to the north. The largest stream to tbath is Labette Creek. The site is mapped as Kenoma silt
loam, 1 to 3 percent slopes (map unit 8775), and the drainage class is borderline between
moderately well to somewhat poorlifarent materials are described as silty loess (0 to 17 cm)
over clayeyalluvium (17 to 71 cm) over residuum weathered from shale (71 to 195 cm) (Table
2.2). An argillic horizon occurs from 17 to 128 cm, and clay films are described down to 174 cm
(Table 2.3).Slickensides were found in Bt2 horizon and from 101 to 174 aismBtic parting
to subangular block structure is described throughout the majority of the profile. Redoximorphic
features are described from 17 to 195 Gubrounded, noncemented shale fragments (1 to 5
percent) were found from 101 to 174 cm with thaluwme increasing to 50 percent in the bottom
horizon. 1 percent weakly cemented, white gypsum crystals were found lining pores in the

2Btgl horizon.

2.4.1.9 Site 9
Pedon 06KS13300&as sampleth a prairie about one half mile southwest of site 8 in
NeoshoCounty, Kansas. The site was located on a 1 percent shoulder slope of an alluvial

paleoterrace (Table 2.1). The erosional shoulder is caused by the small, intermittent stream that
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is about 200 feet to the westhe drainage pattern is similar to thésde 8; however, this site is
even closer to a drainage divide where water would instead flow south into Labette Creek. This
site is mapped as Verdigris silt loam, channeled (map unit 8300), and the drainage class is
somewhat poorly. Parent materiate described as silty loess (0 to 28 cm) over clayey alluvium
(28 to 176 cm) over residuum weathered from shale (176 to 205 cm) (Tabl&la.Bard

bedrock was encounteredhis is the only pedon in this study not classified as a Mollisol. It is
descrbed with an ochric epipedon (0 to 18 cm) and an albic horizon (E hotigdn,28 cm).

This suggests that significant eluviation of clay, organic matter, and other material has occurred
in this soil. The argillic horizon starts at 28 cm and continuéegpsh. Clay films are described
from 28 cm to depth (Table 2.3). No slickensides were observed in this soil, but 10 percent
pressure faces were found in the bottom horizon. Prismatic parting to subangular blocky
structure was described from 28 to 17%. cRedoximorphic features occurred from 28 to 205

cm. Up to 10 percent prominent, irregular, moderately cemented gypsum crystals were

described on surfaces along pores and on faces of peds from 91 to 205 cm.

2.4.1.10 Site 10

Pedon 86KS133005 was sampiea grass pastuiout four and one half miles east of
Galesburg, Kansas, in southern Neosho County. The site was located on a 4 percent upland
backslope (Table 2.1). The upland provides a drainage divide where water flows north and east
directly to tte Neosho River and south to Labette Credkch eventually joins the Neosho
River near Chetopa, Kansas, in southern Labette County. The site is mapped as Eram silty clay
loam, 3 to 7 percent slopes (map unit 873HH the drainage class is moderatelif.wliakely
parent materials include colluvium derived of fine, clayey sediments weathered from shale and
limestone and residuum weathered from shale (Table 2.2). Hovedikologic discontinuity
wasnotdescribecandwasprobably not clearly discerrid A lithic contact of weathered, soft,
platy shale was encountered at 91 cm (Cr horizdhg argillic horizonglay films, and

redoximorphic featurewereall observedrom 16 to 65 cm. No slickensides were described

2.4.2 Laboratory Characterizatio
Table 2.4containsselected physical arthemical data for all pedon&aboratory data
shows evidence of clay illuviation and high COLE values in the majority of the pebions.

generalclay contents and fine clay contents are hagid sand and coarBagment (>2 mm)
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contents were low COLE values and bulk density values are high in the subsoils. For the most
part pH ranges from 6 to 7 for these soils. Sites 4, 6, 7, 8, and 1MiwgnezrpH valuesn their

lower horizongdue toresiduum weatherefom calcareous shale. All soils exhibitgical

total carbon distributions with depth. Cation exchange capacities (CEC) were high due to the
relatively large contents of expandable clay minerklschangeable sodium percentagese

low and generajlwere not more thal0 percent in most horizons.

2.4.2.1 Site 1

The | aboratory data for site 16s pedon 09K
shrink-swell are dominant processes occurring in thisdesbite being positioned on a 4 percent
baclslope where recent erosion has the potential to truncate soils and erase evidence of clay
illuviation and soil cracking. The particle size distribution shows a steady increase in clay
content down to the Bt2 horizon with 55.2 percefite argillic horiza starts at 46 cm which is
deeper than most of the pedons with argillic horizons in this study. Similarly, Pedon
09KS121001 at site 3 has an argillic horizon starting at 45 cm. The deeper depth to the argillic
horizon and gradual clay increase may beiduwmmbnation to the translocation of clay
downward in the profile and the deposition of colluvium and loess on the suRates of fine
clay to total clay are generally higher in the argillic horizitmthelast horizon formed in
residuum (2Btss3the clay content increases to 67.4 percent, and sand content falls off to only
1.7 percent. This difference in texture may point to a thimeecognizedithologic
discontinuity for this horizonCOLE values and bulk density values enter the rasgecsated
vertic soils in the Btl horizon and stay high until bedro€COLE values seem well correlated

with total clay content values in this pedon.

2.4.2.2 Site 2

Pedon 09KS059001 has a clagtdbution with depth that exhibits an abrupt textural
change of 22.1 percent clay at 26 cwhich is the top of the argillic horizon. After this initial
increasethe clay content stays fairly constant with depth. Sand content increases slightly in the
bottom few horizons which may indicate a different agela¥alm or perhaps highly weathered
residuum. Fine clay to total clay ratios start at 0.68 and generally increase throgbba&.
values and bulk density values are highest in the Btl horizon but remain relatively large with

increasing depth.
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2.4.2.3 Sié 3

Pedon 09KS121001 is similar to the Bucyrus soil at site 1; however, it is not as deep.
Clay content at the surface is relatively high with 32.7 percent clay, silty clay lo&mat site
1, this soil has a steady clay increase to the top of théahgirizion at 45 cm, then the clay
content increases slightly in the Btss horizon overlying the limestone bedrock. The fine clay to
total clay ratio ranges from 0.59 to 0.78oth COLE and bulk density values generally increase
with increasing depthral increasing clay content. They approach the vertic range in the BA
horizon, and COLE values are well correlated with total clay content.

2.4.2.4 Site 4

Pedon 09KS207001 is similar to the Woodson soil described at sitee2textural
change between trsairface soil and the argillic horizon is not quite as abrupt as at site 2. The
surface texture is relatively clayey with 35.3 percent clay, silty clay Idarthe Bt1 horizon
the clay content jumps up to 54.4 percent and remains high throughouinérbiay to total
clay ratio is significantly higher in the upper parent material described as the top four horizons.
This increase in the fine clay content may be due to intense weatbetirggupper part of the
pedon. Alternatively, the upper pafttbe pedon may be composed of sediment that is from a
source with greater amounts of fine clay than that of the lower parent matétial€COLE

value at the surface is nearly 0.08, and it remains greater than 0.1 throughout much of the pedon.

2.4.2.5 Sie 5

Pedon 73KS001003 is also similar to the soils at sites 2 and 4. Lab data shows that there
is an abrupt texture change at 20 cm. The clay percentage remains in the silty clay range from 20
cm to the bottom of the profile. Sand content is 1 to 2gmergigher in the lower part of the
pedon. Ratio of fine clay to total clay ranges from 0.6 in the surface to 0.79 in the upper argillic.
The COLE value of the surface is 0.033, but it jumps to 0.103 in thar8tteflects changes in
clay content with dpth

2.4.2.6 Site 6
Pedons 05KS205002 and 97KS205001, at sites 6 and 7 respectively, are both Zaar soils
and differ significantly from the other soils studied. At sitéhé clay content increases 10

percent from the Ap to the A horizon; however, thedBthick Ap horizon has a clay content of
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46.7 percenand no clay films were observed in the field. Thus, no argillic horizon is described
at either site 6 or 7. This type of clay distribution could be caused by two possibilities. Either
these soils@ relatively young and unweathered with little translocation of clay having occurred
or the soil movement and pedoturbation caused by sbvigll is great enough toave

destroyed evidence of clay illuviation. Given the relatively old and stable EHmelpositions

and the depth to pedogenic carbonates, it is unlikely that this is a young, unweathered soil.
Therefore, it is assumed that shrskell processes are preventing the formation of an argillic
horizon. Alsoratios offine clay to total clayare highest in the surfacghich is the reverse of

moast of the pedons in this study. The component of coarse clay is much greater in the subsaoil
horizons. Bulk densitis highest at site 6. The surface horizon bulk density value is 1.8%,g cm

and itincreases up to 1.98 in the Bg horizon. Similarly, COLE values are also high throughout.

2.4.2.7 Site 7

Pedon 97KS2050@4 similar to the soil at site 6; however, limestone bedrock is
encountered at 179 cni.extures are silty clay throughout, clay conteeaks in the Bss1
horizon. Sand content increases slightly with depth, and likd sitel6, the fine clay to total
clay ratio is much smaller in the lower half of the pedon. Bulk density and COLE values are

high throughout and reflect changes in ataptent with depth.

2.4.2.8 Site 8

Particle size distribution data for pedon 05KS133003 shows a sharp clay increase from
the surface to the Btl horizon at 20 cm, providing evidence of clay translocation. The clay
content falls off some with depth, buktares remain in the silty clay and clay range to the
bottom of the profile. Sand contents are higher in this pedon than most other pedons in this
study, increasing in the lower pedon and topping out at 12.7 percent in the 2Bssgl hidrzon.
fine clay 0 total clay ratio is highest in the surface and upper argillic horizons. It drops below
0.50 in the horizons below 49 cm, similar to sites 4, 6, andJLE values respond to the large
clay increase near 20 cm and raise to 0.117 from 0.018. In thepawtef the argillic however,

COLE values drop off to about 0.05 and only increase slightly with depth.

2.4.2.9 Site 9
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Pedon 06KS133001 was described with an albic horizon (18 to 28 cm). In this horizon
there is a small decrease in clay content fronstiteace Then there is a sharp clay increase in
the 2Btgl at 28 cm, and the clay content remains high to depth. Bulk density increases in the
argillic horizon as does COLE.

2.4.2.10 Site 10

Pedon 86KS133005 has a high clay content of 47.2 percerd sutface. Clay content
increases to 53.9 percent in the Btl horizon and stays relatively constant with depth. This type
of clay distribution is similar to the Zaar soils at sites 6 and 7. Sand contents are also higher in
this soil which is comparable that of site 8. Bulk density and COLE values are moderately

high throughout

2.4.3 Taxonomy

Pedon 09KS139001 at site 1 classifies as a $imectitic thermic Oxyaquic Vertic
Argiudoll. The soil misses clagying as a Vertiso$inceit does not hava weighted average of
30 percent or more clay in the top 18 cithe weighted average of clay in the top 18isi28.2
percent. The clay content in the Ap horizon (26.6 percent) is lowered by the eluviation of clay
out of this horizon and potentially blye deposition o$ilty colluvium and loessThe aquic
conditions that create the redoximorphic features are assumed to be of short duration in normal
years because there is not any indication of hydrophitic vegetation; thushtindesus Udoll.
The pelon isataxadjunct to the Bucyruseries and outside the range because it does not classify
as a Paleudoll. The colors are not red enough in the lower argillic hofffwnPale great group
requires colors of 7.5YR or redder and chroma of 5 or moré pebcent of the matrix in one or
more subhorizons. This pedon is described with 20 percent 5YR 4/4, 40 percent 7.5YR 5/8, and
40 percent 10YR 6/4 in the 2Btss®@/ith a weighted average of 52 percent clay in the particle
size control sectiof¥6 to 96 cn), the particle size class is find’hough the clay mineralogy
(data not shownf this soil appears somewhat mixed (40% smectite, 30% kaolinite, 10%
vermiculite, 15% clay mica, and 5% quartz in the control section), smectite is still in greater
guantitythan any other clay mineral. Therefore, the mineralogy class is smectitic.

Pedon 09KS059001 at site 2 is a fine, smiectihermic Vertic Argiaquoll.Based on
field estimates of clay this soil wastially thought to be borderline to a Vertisol; howeube

weighted average of clay in the top 18 cm calculates to be 24.5 percent; thus, the soil does not
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classify as a Vertisol but instead as a Mollisol. The relatively abrupt textural change from the
surface to the argillic horizon, limited amount otkénsides, and limited amount of evidence of
cracking in the pedon suggests this soil does not have as much cracking and pedoturbation
typical of a Vertisol. The mollic epipedon extends from the surface to 84 cm based on color,
organic carbon content, abdse saturationLow chroma and redox concentrations in the lower
part of the mollic epipedon and the presence of an argillic horizon classify it as an Argiaquoll.
Slickensides found in the Btssg horizon put the soil in a Vertic subgupweightediverage
of clay in the particle size control section (26 to 76 ©#)6.6 percent, making the particle size
class fine. Based on clay mineralogy data, which will be discussed in the following chapter, the
mineralogy class islearlysmectitic. This pedm is taxajunct to the Woodson series because it
exhibits Vertic properties, and the Vertic subgroup keys out before the Abruptic subgroup (Soil
Survey Staff, 2006). The aquicgperties are weakly expressed, and it is assumed that this soll
is better draied than most Aquolls.

At site 3 pedon 09KS121001 is classifisomilarly to pedon 09KS139001 at site 1. ltis
afine, mixed active, thermic Oxyaquic Vertic ArgiudollThe clay content is greater than 30
percent in the surface, and slickensides wenadan this soil, however not within 100 cm of the
surface. Because of thikie soil fails to meet the requirements for a Vertiddie soil is too
shallow to make the Pale great group, so it keys out as an Argiudoll. Slickensides were
encountered atGR cm, allowing the soil to make the Oxiaquic Vertic subgrolipe weighted
average of total clay is 54 percent in the particle size control section (45 to 95 cm), so the patrticle
size class is fine. Mineralogy data for this pedon is not available offibial series description
for the Aliceville series places it in a mixed mineralogy class.

Pedon 09KS207001 at siteckassifies as a fine, smectitic, thermic Aquertic Argiudoll.
In the field it appearedimilar to the Woodson series described & 3it This soil however,
does not have a texture change as abrupt as the Woodson, and it is thoughgjhblypbetter
drained because of grayer colors in the Woodddre aquic conditions that form the
redoximorphic features are assumed to be of shodtion. The pedon is placed in the Summit
series. Like at site 2, this soil was thought to be borderline to a Vethaséd on field estimates
of clay and the slickensides encountered at 53 cm. The lab data confirthssteatl does meet
the requrements to classify as a Vertisol; however, the clear boundary and increase of 18.2
percent clay from the A to Btl horizon suggests this soil does not have enougkssleiinknd
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pedoturbation to classify as a Vertisdlherefore, with soil interpretatns in mindit was the
consensus of the sampling pattiat the pedon is not a Vertisorhe weighted average of clay in

the particle size control sectioB(to 70cm)is 57 percent, making the particle size class fine.
Similar to at site 1, the clayimeralogy data for this pedon appears mixed; however, in the

control section smectite is in slightly greater quantity than any other clay mineral (40% smectite,
35% kaolinite, 5% vermiculite, 10% clay mica, 10% quartz, and feldspars present in trace
amouns in the control section). Thus, the mineralogy class is smectitic.

Pedon 73KS001003 at site 5 is classified in the Woodson series as a fine, smectitic,
thermic VerticArgiaquoll. The A horizon has a clay content of 25.2; thus, this soil cannot
classifyas a Vertisol.Low chroma and redox concentrations in the lower part of the mollic
epipedon and the presence of an argillic horizon classify it as an Argia&liokensides found
at 97 cm place it in the Vertic subgrouphe weighted average of claythe particle size
control section (20 to 70 cm) is 52 percent, making the particle size class fine, and the
mineralogy class, based on the clay size fraction, is smectitic.

Pedon 05KS205002 at site kagsifies as a fine, smectitithermic Aeric Endoacgrt in
the Zaar series. With slickensides found at 84day, content greater than 30 percent
throughout, and cracks that open and close periodically this soil meets the requirements for a
Vertisol. The low chroma and redox features present in the mhagdrthe pedon suggest
endosaturation and place the soil in the Endoaquert great group. The pedon is further placed into
the Aeric subgroup based on colors in the Bg horizon. The weighted average of clay in the
particle size control section (25 to 10®) is 53 percent, making the particle size class fine.
Based on clay mineralogy ddte&e mineralogy class is smectitic.

Pedon 97KS205001 at site 7aiso in the Zaar seriesd classifiesimilarly to the soil at
site 6. It is a fine, smectitic, therenTypic Epiaquert. Like at site 6, the cracking characteristics,
high clay content throughout, and slickensides starting at 53 cm meet the criteria for a Vertisol.
The relatively impermeable bedrock at 179 cm causes this soil to exhibit episatuvhinbnis
the result ofa perchd water table The weighted average of clay in the particle size control
section (25 to 100 cm) is 51 percent, making the particle size clas8tsed on clay
mineralogy datéhe mineralogy class is smectitic.

At site 8,pedon 05KS133003 is classified as a fiméed, superactive, thermic Vertic
Argiaquoll in the Kenoma seriegn this soil slickensides are not encountered until 101 cm, and
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there is a sharp clay increase at 17 cm giving evidence for a significanttasholay
illuviation. Therefore, this soil does not classify as a Vertisol, but the mollic epipedon (0 to 71
cm) and high base saturation throughout meet the requirements for a Mdihs®pedon isn
Aquoll based on the low chroma and redox conegiotns in the lower mollic horizon. It
classifies in a Vertic subgroup based on its cracking characteristics and the presence of
slickensides starting at 101 cm. The weighted average of clay in the particle size control section
(17 to 67 cm) is 54 percemmaking the particle size class fine. Based on clay mineralogyndata
the control sectiarthe mineralogy class is mixed. Smectite and kaolinite are estimated to make
up 75 percent of the clay fraction in the control section (40% kaolinite, 35% tam&68o clay
mica, 10% quartz, and 5% feldspars).

Pedon 06KS133001 at sitasSthe only soil in this study with an ochric epipedon and an
albic horizon. It is classified as a firmmectitic thermic Vertic Albaqualin the Parsons series
No slickensi@és or wedgehaped peds are described, and the high clay content does not extend
to the surfaceDark colors do not extend deep enough to meet the requirements for a mollic
epipedon, so this soll is classified as an Alfisbhis is a relatively wet sodnd exhibits aquic
conditions within 50 cm of the surfac&here is an abrupt textural change between the albic and
argillic horizons. Tkse propertieand the low saturated hydraulic conductivity of the argillic
horizon place it in the Albaqualf gregitoup. The soil classifies in the Vertic subgroup because
linear extensibility values greater than 6.0 cm in the argillic horizon. The weighted average of
clay in the particle size control section (28 to 78 cm) is 53 percent, making the particlessize cla
fine. The clay mineralogy of this soil appears to be more mixedhe control sectigrsmectite
is in greater quantity than any other clay mineral (40% smectite, 30% kaolinite, 10% vermiculite,
10 % clay mica, 10% quartz, and trace amounts of bmethge and lepidocrocite. Therefore,
the mineralogy class is smectitic.

At site 10, pedon 86KS133005 is classified as a fine, maed;e,thermic Aquic
Argiudoll in the Eram seriesTheclay increase of only 6.7 percent from the Ap to the Btl
horizonis not quite great enough tdassify as an argillic horizon. Howevegded on the
observation of illuvial clay and therosion suspected to have occurred at thistbigeargillic
horizon classification was not revise@he clay content is greaterath 30 percent throughout;
however, no slickensides or wedglgaped peds were described. The mollic epipedon extends
from the surface to 28 cm, and base saturation is greater than 50 percent throughout, classing this
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soil as a Mollisol. The soil iscloseto classifyng as an Aquollputfalls out as an Argiudoll.

Also based on the description and limited linear extensibility data, this soil does not meet the
requirements for an Aquertic or Vertic subgroup, and thus classifies as an Aquic Argiudoll. The
weighted average of clay in the particle size control section (16 to 66 cm) is 53 percent, making
the particle size class fine. Based on clay mineralogyaddtee control section this soil is very
close to classifying as kaolinitic as kaolinite make Q@o5of the clay fraction. However, it is

believed that a mixed mineralogy class is more representative of this soil.

2.5 Conclusions

The morphology and genesis of these soils dominantly reflects the geologic parent
materials available in the Osage Questagon of KansasWhen examining parent material
sources on a regional scale, the vast majority of the sediment out of which these soils have
developed is from a single and local source region. Based on the study of Tertiary and
Quaternary drainage basievelopment in Kansas, it is assumed that all of the alluvium,
colluvium, and residuum found in this studyderived from the Pennsylvanian and Permian
rocks found at the surface in the Osage Questas and adjacent Flint Hills region. This is unlike
muchof the rest of Kansas in that deep loess deposits, alluvial deposits, and glacial sediments
were transported great distancasd these exotic sedimemnizsw cover areas north of the Kansas
River and west of the Flint HillsThe easily weathered shales eoeposed of silt and clay
sized particles and directly provitlee fine textured sediments necessary for vertic soil
development.Most of the sites studied occur on stable landforms that have been in place for
hundreds to thousands of yeaasd the sod have thus been exposed to extended periods of
weathering

Many pedogenic processes are currently at work in the studied pedons including
accumulation of organic matter, leaching of carbonate and other soluble salts, and weathering of
clay minerals. Pedenic carbonates were found well below 100 cm in all soils. However, the
dominant pedogenic process#dnterest to this studgretranslocation of claynd shrinkswell
processesClay increases and the formation of argillic horizons in the uppeofptre profile is
primarily caused by clay illuviatianHowever, given the humid climate, clay mineral formation
through neogenesis is thought to have contributed to the abundance of clay throughout these
soils. About half of the pedons showeather abupt textural changes forming the top of the
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argillic horizon These soils are often referred to as claypan soils. Sites 2, 5, 8alhidriain
greater than 20 percent clay incredsesveen the argillic horizon arlde overlyingsurface
horizon, anctlay films are observed in these soiBlso, evidence of soil movement, cracking,
and pedoturbation was least apparent at these sites.

Alternatively,the Zaar soils atites 6 and 7 contained little evidence of clay illuviation.

No argillic horizon or brupt textural changes were observed, and no clay films were described
in the field. Evidence of soil movement and cracking due to shear stress associated with soil
volume fluctuations was apparent. Many slickensides were described, and the two gutls exh
high COLE values throughouWertic processes have apparently destroyed clay films and mixed
surface and subsoil horizons.

The soil at site 4 appears to express charactergdtimsth the claypan soils and the Zaar
soils. Site 4 has a well defidargillic horizon; however, the clay increase is not as abrupt.
Many slickensides were described as well as wedge stru@ites 1 and 3 are similar soils and
are both formedverlimestone bedrockThe clay films and argillic horizons occur at aajes
depth than in the claypan soils, and the clay increase with depth is much more gradual.
Slickensides occur in the lower part of these ped@&ite 10 is a shallow soil formed over shale
at 91 cm. Like the Zaar soils, this soil shows a high clajecwin the surface and only a slight
clay increase with depth. Clay films and an argillic horizon were observed, however. COLE
values are significantly lower than in the Zaar soils.

There are many possible factors responsible for the marked diffeiaraday illuviation
and vertic properties displayed among theses soils. With the potential for clay translocation
relativelyconstant, the differences lie with the shrswell potentials.Wilding and Tessier
(1988) give a thorough discussion of the @as interconnected factors affecting the shanlell
phenomenonAccording to them, vertic properties are a function of the amount of fine clay and
the proportion of smectites in this fraction.
fine clay, the higher the surface area and shsink e | | potential . o Il nteres
total clay ratios for soils in this study tend not to support this(i@ieble 2.4) Soils that express
the strongest vertic properties, sites 4, 6, andvg ttee lowest fine clay to total clay ratios, and
the ratio values tend to decrease with dejfibwararet al. (1988) also found inconsistencies

with Wi Il ding and Tessierbds cl ai m. Eswaran fo
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with an R value of0.7642indicating that shrirdswell is strongly related to the amount of clay.
However, they found fine clay to be poorly correlated with COLES(R.2958).

While studying Vertisol formation in a humid climate, Nordt et al. (2004) observed
argillans n the lower part of the pedon, but not in the upper where shwel activity was
greatest.They concluded that translocation of clay was certainly occurring, but clay films were
only preserved in the lower pedon where ped and void surfaces were afibee $tordt et al.
cites other studies of soils in humid climates that reached similar conclusions (Mermut and
Jongerius, 1980; Yerima et al., 1987; Wilding and Drees, 1998309 et al. (1987) studied
vertic soils in Saskatchewan and found subhumild smicontain argillic horizons and prominent
mollic epipedons Graham and Southard (1983) studied Vertisols and associated Mollisols in
Utah and found both soils to exhibit cracking, slickensides, and high COLE values. The
Mol | i sol 6s s uslogedainkbruptly bye loanr surface goil; thus, cracking and high
COLE values were not present in the surface as these features were in the Vertisol. A similar
situation occurs with the claypan soils with abrupt clay increases found in this &ratpm
and Southard proposed the formation of the Vertisols in their study was probably initiated with
the erosion of the A horizon of the Mollisols which exposed the clayey argillic horizons at the
surface. Similarly, Nettleton et al. (1969) and Buol et @980) proposed that argillic horizons
may at times become so enriched in clay through illuviation and in situ clay formation that their
shrink-swell activity could become great enough to incorporate the surtazons, destroy clay
films, and effectivef transform the soil into a Vertisol.

Pedoturbation is of minor importance to the formation of vertic properties in the soils of
this study. Limited mixing of soil horizons has occurascevidenced bihe normal distribution
of pedogeniqroperties, suchs color, total carbon, and pH, widkpth. Silt loam and silty clay
loamsurface soils overly high shirdwell argillic horizons at all but sites 6 and 7. In these
claypan soilsthe shrinkswell potential of the argillic horizon is not fully expressadhe
subsurface horizons dry out less rapidly and are not as subject to differential wetting by
preferential flow down surface cracks due to the buffering effect of thexansive top soil.
Subtle changes in parent material and landscape posié@uspected to cause the differerines
vertic characteristics found in this study. Changes in parent material and landscape position can

in turn affect other related factors such as soil moisture content, confining pressure, and clay
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mineralogy which wilbe discussed latefFurther studies are needed to determine quantitatively

the influence these factors have on vertic processes.
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2.7 Figures and Tables

Figure 2.1- Pedon locations (sites-10) within the Cherokee Prairies Major Land Resource
Area 112.

[ states
150 300Kiometers I VLRA 112
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Figure 2.2 - Site 2, pedon 09KS059001, Woodson, fine, smectitic, thermic Vertic Argiaquoll,
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Figure 2.3 - Site 4, pedon 09KS207001, Summit, fine, smectitic, thermic AquestArgiudoll,

sampled in Woodson County, Kansas
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Figure 24 - Landscape and vegetation at site 4, pedon 09KS207001
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Table 2.1- Site Characteristics

Site | Soil Series | Pedon No. County Elevation Topographic Slope| Drainage Class Vegetation
(m) Position (%)

1 |Bucyrus 09K S139001 |Osage 30s |Packslopeofinterfuve |, | qerately well  |9rass/herbaceous

on plains cowver
. shoulder of crest of grass/herbaceous

2 Woodson 09K S059001 |Franklin 296 . . 1 |somewhat poorly
interfluve on plains cowver

3 Aliceville 09KS121001 |Miami 290 sur_nmlt of interfluve on 2 moderately well grass/herbaceous
plains cowver

4 Summit 09KS207001 |Woodson 341 backs!ope ofinterfluve 4 |somewhat poorly grass/herbaceous
on plains cowver

5 Woodson 73KS001003 |Allen upland summit or 1 |somewhat poorly grass/herbaceous
shoulder cover

6 |zaar 05K S205002 |Wilson o5 |Proad paleoterrace 0.2 |somewhat poorly  |row crop
summit or shoulder

7 Zaar 97KS205001 |Wilson 216 footslope 1 |somewhat poorly row crop

8 Kenoma 05KS 133003 |Neosho 294 toeslope of broad 0.5 |moderately well row crop
paleoterrace
shoulder of grass/herbaceous

9 Parsons 06KS133001 [Neosho 296 paleoterrace on alluvial| 1 [somewhat poorly cover
plain

10 [Eram 86K S133005 |Neosho backslope of upland 4  [moderately well g(r)ise?/herbaceous
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Table 2.2- Pedon Characteristics

Site Soil Pedon No. Mollic Ochric Argillic | Cambic Albic Redox Slickensides|Paralithic/Lithic Parent Material Classification
Series Epipedon | Epipedon | Horizon | Horizon | Horizon |Concentrations (cm) Contact
(cm) (cm) (cm) (cm) (cm)
1 |Bucyrus 09KS139001 0-46 5 46-186 5 5 46-186 81-186 186 colluwum over residuum weathered from Flng, smectitic, thermic Oxyaquic Vertic
cherty limestone Argiudoll
2 |Woodson |09KS059001 0-84 5 26-200 5 5 26-200 56-117 5 'f?:nissz‘s; allwium/residuum weathered |0 e critic, thermic Vertic Argiaguoll
3 |aliceville  |09ks121001 0-45 5 45-140 5 5 45-140 102-140 140 I_oess owver residuum weathered from Flne_, mlxgd, active, thermic Oxyaquic
limestone Vertic Argiudoll
4 [Summit 09KS207001 0-103 d 29-210 4 3 18-210 53-210 4 loess owver colluvium over residuum Fine, smectitic, thermic Aquertic Argiudoll
5 |Woodson |73KS001003 0-80 d 20-318 4 6] 48-318 97-132 e} loess ower clayey alluvium Fine, smectitic, thermic Vertic Argiaquoll
6 |Zaar 05KS205002 0-56 3 e} 56-212 6] 28-212 84-212 4 clayey alluvium Fine, smectitic, thermic Aeric Endoaquert
7 |zaar 97KS205001 5 5 53-179 5 22-179 53-179 179 clayey alluium over residuum weathered| by o o mectitic, thermic Typic Epiaquert
from shale and limestone
8 |kenoma |osKs133003 | 071 5 17-128 5 5 17-195 38-71, 5 loess over alluvium over residuum Fine, smectitic, thermic Vertic Argiagquoll
101-174 weathered from shale
9 |parsons 06KS133001 5 0-18 28-205 5 18-28 28-205 5 5 loess over alluvium over residuum Fine, mixed, active, thermic Vertic
weathered from shale Albaqualf
10 |Eram 86KS133005 0-28 5 16-65 5 5 16-65 5 o1 colluvium over residuum weathered from Flng, mixed, active, thermic Aquic
shale Argiudoll
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Table 2.3- Macromorphology.

Horizon Depth Dominant Color Structure§ Consistence§ Field Texture§ Fe-Mn Clay Films Slickensides
(cm) Concentrations
(%)

Site 1 - Bucyrus 09KS139001
Ap 0-11 10YR 2/1 2mgr fr sicl
A 11-28 10YR 2/1 2mgr fr sicl
BA 28-46 10YR 3/2 1mpr-2fsbk fr sicl 2
Btl 46-60 10YR 4/3 2mpr-2fsbk fi sic 12 30% discontinuous
Bt2 60-81 10YR 4/2 2mpr-2msbk fi sic 12 25% discontinuous 1% discontinuous
Btss1l 81-100 10YR 4/2 2mpr-2msbk fi c 9 35% discontinuous 10% discontinuous
2Btss2 100-159 10YR 4/2 2copr-2cosbk fi c 7 30% discontinuous 15% discontinuous
2Btss3 159-186 10YR 6/4 2copr-2msbk fi c 5 40% discontinuous 20% discontinuous
2R 186-200 ' ' ' ' '

Site 2 - Woodson 09KS059001
Ap 0-8 10YR 3/2 2fsbk-2fgr fr sicl
A 8-26 10YR 3/2 2fpr-2mabk fr sicl
Btl 26-56 10YR 3/1 2mpr-2coabk il sic 2 70% continuous
Bt2 56-84 10YR 3/1 2mpr-2msbk fi sic 10 60% continuous 5% discontinuous
Btssg 84-117 10YR 5/2 2mpr-2msbk fi sic 10 50% continuous 25% continuous
Btgl 117-148 10YR 5/1 2mpr-2msbk fi sic 50 30% continuous '
Btg2 148-166 10YR 5/1 1mpr-2msbk fi sic 60 25% continuous
Btg3 166-200 10YR 6/1 1mpr-2msbk fi sic 60 20% continuous

Site 3 - Aliceville 09KS121001
Ap 0-16 7.5YR 3/1 2fsbk-2mgr Wit sicl
A 16-31 7.5YR 2.5/1 2fsbk-2mgr fr sicl
BA 31-45 7.5YR 4/3 2fpr-2fsbk fi sic 50% discontinuous
Btl 45-68 10YR 4/3 2mpr-2fpr fi sic 10 40% discontinuous
Bt2 68-102 10YR 4/3 2copr-2msbk fi c 7 30% discontinuous
Btss 102-140 7.5YR 4/6 2copr-2msbk Vi c 30 40% discontinuous 20% discontinuous
R 140-200 ' ' ' ' ' '

Site 4 - Summit 09KS207001
Ap 0-18 10YR 2/1 1msbk-2fgr Vit sicl
A 18-29 10YR 3/1 2msbk-2fgr fr sic 5
Btl 29-53 10YR 3/2 2mpr-2msbk fi c 15 30% continuous
Bt2 53-103 10YR 3/1 2mpr-2mabk fi c 25 10% continuous 25% continuous
2Btss1 103-135 10YR 4/3 2cowg Vi sic 8 40% continuous 20% continuous
2Btss2 135-177 10YR 3/3 2mpr-2msbk Vi sic 3 20% continuous 5% continuous
3Btkss 177-210 7.5YR 4/6 3vcowg-3fwg il c 3 70% continuous 50% continuous

Site 5 - Woodson 73KS001003
A 0-20 10YR 3/1 1fgr fr sil nd nd
Btl 20-32 10YR 3/1 2fsbk Vi sic nd nd
Bt2 32-49 10YR 3/1 2fsbk \il sic nd nd
Bt3 49-80 10YR 3/1 2msbk Vi sic nd nd
Bt4 80-97 5Y 5/1 1msbk \il sic nd nd
Bt5 97-133 10YR 5/1 2fsbk il sic nd nd 5% discontinuous
Bt6 133-159 10YR 5/1 2fsbk \il sic nd nd '
Bt7 159-188 10YR 5/1 2mpr-2msbk Vi sic nd nd
Bt8 188-228 10YR 5/1 2mpr-2msbk Vi sic nd nd
Bt9 228-318 10YR 5/1 1msbk \il sic nd nd
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Table 2.3- Morphology (Continued).

Horizon Depth Dominant Color Structure§ Consistence§ Field Texture§ Fe-Mn Clay Films Slickensides
(cm) Concentrations
(%)

Site 6 - Zaar 05KS205002

Ap 0-13 10YR 3/1 2msbk-2mgr fi sicl
A 13-28 10YR 3/1 2fpr-1mgr Vi sic
BA 28-56 10YR 3/1 2mpr-2cogr Vi sic 1 ' 2% pressure faces
Bg 56-84 2.5Y 4/3 2mpr-2cosbk il sic 7 ' 1% pressure faces
Bssgl 84-106 2.5Y 3/2 3vcopr-2cosbk Vi sic 5 ' 3% continuous
Bssg2 106-142 2.5Y 4/1 3vcopr-2vcosbk Vi sic 10 ' 5% continous
Bssg3 142-163 2.5Y 4/1 3wvcopr-2vcosbk Vi sic 20 ' 15% continous
Bssg4 163-212 2.5Y 4/1 2vcopr il c 35 ' 10% continous
Site 7 - Zaar 97KS205001
Ap 0-22 10YR 2/1 1mabk-1mgr Vi sic
BA 22-53 10YR 2/1 2mpr-1msbk il sic 2
Bssl 53-86 10YR 3/1 2copr-2msbk Vil sic 2 ' 15% continuous
Bss2 86-117 10YR 3/1 2copr-1msbk Vi sic ' ' 25% continuous
Bkss 117-147 10YR 3/2 2copr-2msbk Vi sic 6 ' 25% continuous
Bss 147-179 10YR 3/1 1cosbk-1msbk il sic 60 ' 35% continuous
Cr 179-219 ' ' ' ' ' '
Site 8 - Kenoma 05KS133003
Ap 0-17 10YR 3/2 1msbk-2mgr fr sil 1
Btl 17-38 10YR 3/2 2mpr-2mabk fr sic 3 30% continuous
Bt2 38-71 10YR 3/2 2copr-2cosbk fr sic 8 30% continuous 5% continuous
2Btgl 71-101 10YR 4/4 1copr Vi sic 10 20% continuous '
2Btg2 101-128 10YR 4/2 2mpr-2mabk il sic 30 20% continuous 2% continuous
2Bssgl 128-156 10YR 4/2 2copr-2cosbk fi sic 10 40% continuous 2% continuous
2Bssg2 156-174 10YR 4/1 2copr-2cosbk fi sic 10 20% continuous 20% continuous
2BC 174-195 2.5Y 4/1 1msbk fi sic 15 ' 1% pressure faces
Site 9 - Parsons 06KS133001
A 0-18 10YR 3/2 2fgr g sil
E 18-28 10YR 4/2 2fsbk-1mgr fr sil 1
2Btgl 28-55 10YR 4/2 2copr-2msbk il sic 7 40% continuous
2Btg2 55-91 10YR 4/2 2copr-2cosbk Vi sic 22 15% continuous
2Btygl 91-115 10YR 4/2 2mpr-2cosbk Vi sic 17 20% continuous
2Btyg2 115-142 2.5Y 4/2 1mpr-2msbk Vi sic 40 20% continuous
2Btg3 142-176 2.5Y 4/1 1mpr-2msbk il sic 45 20% continuous
3Btg4 176-205 2.5Y 5/1 2cosbk-2mabk i sic 40 40% continuous  10% pressure faces
Site 10 - Eram 86KS133005
Ap 0-16 10YR 3/2 1mgr-1fgr fr sicl ' ' nd
Btl 16-28 2.5Y 3/2 2msbk-2fsbk i sic 1 patchy nd
Bt2 28-43 2.5Y 4/2 2mabk Vi 11 patchy nd
Bt3 43-65 2.5Y 5/2 2mabk Vi 1 patchy nd
BC 65-91 5Y 5/2 1mabk il ' ' nd
Cr 91+ ' ' ' ' ' ' nd

8 Abbreviations: iweak, 2moderate, Jtrong, ffine, mmedium, cecoarse, wery, grgranular, sbk
subangular blocky, ab&ngular blocky, pprismatic, wgwedge, fefriable, fi-firm, sil-silt loam, sicisilty clay

loam, siesilty clay, cclay, ndno data
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Table 2.4- Selected Physical and Chemical Properties

Horizon Depth  Texture Sand Clay FC: T@AIl k De COLEA pH Total CECA
(cm) (%) (%) Oven Dry (H,O0) Carbon NH4O0Ac
(@ cm?) (%9 (cmol(+)/kg)

Site 1 - Bucyrus 09KS139001

Ap 0-11 SiL 4.4 26.6 0.64 1.26 0.049 7.0 3.77 23.2
A 11-28 SiCL 4.2 30.7 0.64 1.48 0.036 6.4 2.05 22.0
BA 28-46 SiCL 4.0 35.6 0.68 1.39 0.05 6.2 1.64 21.7
Btl 46-60 SiC 4.2 47.4 0.77 1.68 0.088 6.3 1.18 27.6
Bt2 60-81 SiC 3.5 55.2 0.8 1.85 0.102 6.2 0.78 30.9
Btssl 81-100 SiC 3.3 52.1 0.77 1.83 0.088 6.1 0.30 28.5
2Btss2 100-159 SiC 4.3 51.6 0.76 1.88 0.089 6.4 0.00 29.9
2Btss3 159-186 C 1.7 67.4 0.67 1.6 0.118 6.8 0.00 35.7
2R 186-200 ' ' ' ' ' ' ' ' '

Site 2 - Woodson 09KS059001

Ap 0-8 SiL 2.0 23.9 0.68 1.28 0.033 6.2 3.02 21.6
A 8-26 SiL 2.0 24.9 0.69 1.49 0.044 6.3 1.76 20.4
Btl 26-56 SiC 1.5 47.0 0.77 2 0.126 6.4 1.26 33.5
Bt2 56-84 Sic 1.3 45.9 0.75 1.96 0.103 6.6 0.49 32.3
Btssg 84-117 SiC 2.2 45.1 0.76 1.88 0.103 6.6 0.29 30.9
Btgl 117-148 Sic 4.3 45.9 0.8 1.85 0.082 6.8 0.00 30.3
Btg2 148-166 SiC 5.2 46.1 0.83 1.83 0.096 6.9 0.00 30.5
Btg3 166-200 SiC 4.7 48.1 0.82 1.81 0.108 7.0 0.00 31.4

Site 3 - Aliceville 09KS121001

Ap 0-16 SiCL 4.1 32.7 0.65 1.35 0.058 5.8 3.29 25.5
A 16-31 SiCL 3.1 37.1 0.7 1.51 0.054 6.0 1.49 25.0
BA 31-45 SiC 2.9 44.1 0.73 1.56 0.068 6.0 1.56 27.3
Btl 45-68 SiC 3.9 54.0 0.74 1.82 0.107 6.1 0.92 321
Bt2 68-102 SicC 3.9 54.4 0.71 1.88 0.119 6.4 0.17 33.0
Btss 102-140 C 5.1 58.6 0.59 1.84 0.121 6.8 0.04 38.1
R 140-200 ' ' ' ' ' ' ' ' '

Site 4 - Summit 09KS207001

Ap 0-18 SiCL 4.9 35.3 0.68 1.33 0.079 6.0 4.95 31.4
A 18-29 SiCL 5.3 36.2 0.7 1.54 0.072 6.2 2.66 29.2
Btl 29-53 SiC 3.6 54.4 0.77 1.85 0.131 6.4 1.52 37.8
Bt2 53-103 C 2.6 59.6 0.75 1.82 0.127 6.7 0.62 39.2
2Btss1 103-135 C 4.5 58.0 0.33 1.89 0.107 7.0 0.60 35.3
2Btss2 135-177 SiC 5.4 49.1 0.53 1.82 0.088 7.4 0.32 36.7
3Btkss 177-210 C 2.3 62.1 0.28 1.92 0.107 7.4 0.00 27.2

Site 5 - Woodson 73KS001003

A 0-20 SiL 2.2 25.2 0.6 1.42 0.033 5.9 2.49 20.7
Btl 20-32 Sic 1.2 46.1 0.78 1.76 0.103 5.2 1.5 33.0
Bt2 32-49 SiC 0.7 56.3 0.79 1.9 0.138 5.4 1.27 39.6
Bt3 49-80 SiC 1.0 52.5 0.76 1.87 0.099 5.6 0.96 36.7
Bt4 80-97 Sic 3.0 45.5 0.76 ' ' 5.3 0.48 31.2
Bt5 97-133 SicC 2.9 45.9 0.77 1.79 0.075 5.7 0.2 32.2
Bt6 133-159 Sic 2.9 47.8 0.77 1.77 0.087 6.3 0.15 34.1
Bt7 159-188 SiC 3.5 49.1 0.69 ' ' 6.6 0.14 36.3
Bt8 188-228 SiCc 4.2 46.2 0.73 1.85 0.097 6.8 0.08 33.7
Bt9 228-318 Sic 3.3 50.6 0.64 ' ' 7.2 0.07 37.1
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Table 2.4- Selected Physical and Chemical Properties (Contiraal).

Horizon Depth  Texture Sand Clay FC: T@GAIl k De COLEA pH Total CECA
(cm) (%) (%) Oven Dry (H,O) Carbon NH4O0Ac
(g cm™®) (%09 (cmol(+)/kg)
Site 6 - Zaar 05KS205002
Ap 0-13 SiC 1.7 46.7 0.72 1.89 0.113 6.9 1.65 35.8
A 13-28 Sic 1.3 56.8 0.65 1.9 0.135 7.4 0.81 40.3
BA 28-56 SiC 1.8 56.1 0.5 1.94 0.143 7.8 0.63 38.5
Bg 56-84 SiC 2.5 53.1 0.32 1.98 0.141 8 0.64 36.2
Bssgl 84-106 SiC 4.7 48.8 0.25 1.96 0.144 8.1 0.78 33.4
Bssg2 106-142 SiC 3.6 46.6 0.19 1.95 0.13 8.2 0.54 36.1
Bssg3 142-163 SiC 3.5 48.4 0.22 1.88 0.122 8.3 0.37 35.8
Bssg4 163-212 Sic 3.3 50.6 0.3 1.88 0.125 7.9 0.24 34.5
Site 7 - Zaar 97KS205001
Ap 0-22 SiC 2.7 42.5 0.7 1.77 0.12 6.9 2.33 40.5
BA 22-53 SiC 33 44 .4 0.71 1.81 0.137 7.3 1.81 40.6
Bssl 53-86 SiC 2.3 55.6 0.67 1.85 0.182 7.4 1.26 47.6
Bss2 86-117 SiC 33 54.2 0.44 1.87 0.164 7.8 0.93 45.1
Bkss 117-147 SiC 6.3 50.0 0.38 1.86 0.141 8.2 1.11 42.5
Bss 147-179 SiC 6.4 51.0 0.39 1.83 0.131 8.1 42.1
Cr 179-219 ' ' ' ' ' ' ' '
Site 8 - Kenoma 05KS133003
Ap 0-17 SiL 6.2 22.1 0.62 1.53 0.018 5.9 2.05 16.7
Btl 17-38 SiC 3.3 53.3 0.76 1.77 0.117 5.6 1.48 33.4
Bt2 38-71 SiC 2.9 55.0 0.74 1.85 0.125 6 1.31 33.2
2Btgl 71-101 SiC 10.7 43.5 0.46 1.67 0.051 6.4 0.29 19.5
2Btg2 101-128 SiC 11.9 44.2 0.48 1.7 0.051 6.8 0.29 19.8
2Bssgl 128-156 SiC 12.7 44.5 0.47 1.79 0.044 7 0.33 19.8
2Bssg2 156-174 C 11.1 50.4 0.46 1.75 0.057 7.1 0.33 21.3
2BC 174-195 SiC 12.1 43.4 0.32 1.88 0.062 7.3 0.25 19.1
Site 9 - Parsons 06KS133001
A 0-18 SiL 4.6 25.0 ' 1.2 0.029 5.6 2.28 19.0
E 18-28 SiL 4.9 23.1 1.4 0.027 5.6 1.01 12.9
2Btgl 28-55 SiC 2.8 54.4 1.78 0.105 5.9 0.71 28.0
2Btg2 55-91 SiC 2.4 50.8 1.94 0.112 6.6 0.41 26.7
2Btygl 91-115 C 5.0 55.8 1.83 0.096 6 0.32 27.3
2Btyg2 115-142 C 4.3 61.6 1.81 0.111 5.9 0.31 28.9
2Btg3 142-176 C 3.4 65.1 1.82 0.124 6 0.26 31.3
3Btg4 176-205 C 4.4 60.0 1.87 0.104 6.4 0.23 28.4
Site 10 - Eram 86KS133005

Ap 0-16 SiC 10.1 47.2 ' 1.64 0.076 6.7 3.87 35.6
Btl 16-28 C 9.4 53.9 1.65 0.074 7 1.55 33.6
Bt2 28-43 C 7.7 54.5 1.71 0.065 7.1 1.06 29.7
Bt3 43-65 SiC 8.7 50.7 1.77 0.06 7.2 0.97 26.0
BC 65-91 SiC 6.1 50.2 1.86 0.051 7.4 0.76 23.4
Cr 91+ SiC 10.5 41.2 ' ' 8 0.59 19.6

A Analysis by National Soil Survey Laboratory
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CHAPTER 3 - Mineralogy and Micromophology of Vertic Soils in

the Cherokee Prairies Major Land Resource Area of Kansas

3.1 Abstract

Many of the soils of the Cherokee Prairégs charactezed by high clay contents and
high shrinkswell potentials.The fine sediments that make up these vertic soils are dominantly
provided by the local parent materials, namely alluvium, colluvium, and residuum derived from
weathered Pennsylvanian and Pernshales and limestones. Clay mineralogy and
micromorphology of nine soils in the Kansas Cherokee Prairiesimagstigated with the
objectivebeing to investigate differences between and within pedons. Pedogenic processes,
especially clay illuviation ahshrinkswell processes were evaluated as well asfthet of clay
mineralogy on the expression of vertic properti8gt loam and silty clay loam surface saaisd
overly high shinkswell argillichorizonsoccurredat all but sites 6 and. Sites 6and 7 classify
as Vertisols, and no argillic horizon or clay films were described. Relativelychgfficients of
linear extensibility (COLE) values wefeund in all soils. Clay mineralogy for sites 2, 5, 6, and
7 was dominated by smectite while sitegl, 8, 9, and 10 exhibited a more mixed mineralogy,
though smectite still played a major role in many of the horizémsall soils, disruption of
illuvial clay features by shrinkwell movement was evident in thin section. Striatéaliics
dominatecexcept insurface soilthat exhibitecalow COLE valueand that occurred above an
argillic horizon. Linear planes lined with stress oriented clay and representing zones of shear
failure were observed along with argillans that had been distorted andasabeithin the
matrix by swelling pressure and soil movemeMineralogy is not the only factor influencing
the expression of vertic properties in these soils. This is apparent due to the differences observed
between sites 6 and 7 and 2 and 5 despatie similar mineralogies. It is hypothesized that the
norrexpansive silty surfadayerat all but sites 6 and 7, actas a buffeand limited shink-swell

by causing expansive subsoils to dry out less rapidly.

3.2 Introduction
The Cherokee Prairies Majband Resource Area (MLRA 112) is an aokaracterized
by gently sloping to rolling, dissected plagituated within Kansas, Missouri, and Oklahona

southeastern Kansake region is bounded on the north by the Kansas River and on the west by
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the Fint Hills physiographic regionMany of the soils in the Cherokee Prairies are characterized
by high clay contents and high shriswell potentials.Athoughmost soils in this region are not
classified as Vertisols, therertic properties and claypanasiacteristics cause soil management

to be difficult and pose problems for agricultural, environmental, and engineering uses.
Collecting more information and improving our understanding of vertic amlisnportant step

towards bettering soil managemésthniques.

A section of MLRA 112 and the area in which all sampling occurred for this study is
referred to as the Osage Questas physiographic region of Karisa®©sage Cuestas aramed
for the low, rolling escarpmenknown as cuestas, whieesonmewhatsteep on one side and
gently sloping on the othet.ocal relief is typically only one to three meters, and major valleys
are generally less than 25 meters below adjacent upldimgstegion is underlain with
alternating layers of Pennsylvanian avigsissippian aged marin@aes and limestonesThe
soils reflect this geology, and multiple parent materials are often described. Soils form in
residuum, colluvium/local alluvium, and alluvium. It is also very common to find a thin loess
cap on uplandreas throughout this regioithe soils in this study area dominantly have a
thermic soil temperature regime anddic soil moisture regimeThe region has a humid
continental climate witlanaverage annual rainfadf 865 to 1,145 millimeters. Most
precipitation falls from highintensity, convective thunderstorms from late spring through
autumn(MLRA Explorer Custom Report, 2006)The humid climate provides adequate moisture
for the processes of in situ clay mineral formation and clay translocatiemajority of
studied pedons contained argillic horizofihe inherently clayey parent materials directly
provide the fine textured sediments necessarghankswell processes, and the monsoenal
type rainfall distribution enhances these processgsdyding seasonal watry cycles. Nine
pedons representative of the clayey, vertic soils found in this region were selected for this study.
Pedons were sampled in the following Kansas counties: Osage, Franklin, Woodson, Allen,
Wilson, and NeoshoClay mineralogy and micromorphology were investigated with an
emphasis on understanding how mineralogy influences the expression of vertic properties.

The genesis of nearly all Vertisols and vertic intergrades is dependent upon two
conditions: 1) a large quéty of 2:1 expandable clagnineralsand 2) a seasonal wety cycle is

required to cause the expansion and contraction of the soil material (Soil Survey Staff, 1999).
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Within these two requirements there exists a wide spectrum of vertic charactenidtics a
properties. Vertic soils occur in nearly every major climatic zone and under many different
vegetation types. Parent material is one of the most important factors involved in the formation
and distribution of vertic soilsVariation in parent mateti@ften results in variation in soil
mineralogy The vast majority of vertic soils are known to be dominated by smettike.

smectitic clays may be inherited from the original rock parent material or may have formed in
place as a result of neogenesisransformations from primary mineralf general, soll

forming processes that lead to the formation of vertic soils are those which control the formation
and stability of smectites in the soil. Such minerals are capable of expanding and contracting
with changes in moisture status (Eswaran et al., 1988).expanding and contracting of

interlayer spaces agell as interparticle shrinkadeetween stacked clay particles and clay

particle aggregates (domains)the microstructure is responsible for theisk-swell

phenomenon that defines vertic soieveral other mineratsan bepresent in the clay fraction

of vertic soils as welland can be in equal or greater abundance than smd€titdinite,

vermiculite, clay mica, and quartz can often contebaisignificant amount of the clay fraction.

In this study, expression of vertic properties is agskssing field descriptions
(macromorphology)laboratory characterization data, awd thin section description
(micromorphology) At the microscopidevel, plasma separations, stress cutans, and planar
voids are characteristic of Vertisols and vertic intergrades (Blokhuis et al., 19688ated
zones of oriented plasma (clay particles) in which clay platelets are stacked-face form
within themicrofabrics of vertic soils due to the shear stresses associated with swelling. These
elongated zones of oriented plasma are known as plasma separations and represent zones of
previous shear failure (Coulombe et al., 1996; Wilding and Tessier, 1988Yy.c@h occur in the
soil matrix, around skeleton grains, and/or along voids. These-stiested plasma fabrice
sepic plasma fabrics as termed by Brewer (1964, 1976) and the striated birefringence fabrics or
b-fabrics as termed by Bullock et al. @88 (Gunal and Ransom, 2006b)his study uses the
terminology used by Bullock et al. (1985) and Stoops (2003), and reports from previous studies
have been translated to fit this newer terminologgnes of parallebriented clay display
interference cdars, or birefringence, when observed with cross polarized Ibtostriated
(vosepic), granostriated (skelsepic), parallel striated (masepic), anestiag=d (lattisepic)-b
fabrics indicate microshear (Wilding and Tessier, 1988; Wilding, 1985)leMet and Sleeman
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(1985) cite many authors who found that shearing produced parallel stritedds within the
clay-sized material. Gunal and Ransom (2006a) found siswetl wasassociatedvith striated
b-fabrics in Bt horizons in central KansaSften the striated-babrics occurred in the upper part
of the argillic horizons with higher COLE values (Gunal and Ransom, 2006a and 2006b).
Shearing in both the horizontal and vertical directions is believed to producestrated fabric
(McCormick and Wilding, 1974). Unrelated plasma separations are not considered characteristic
of vertic soils by Blokhuis et al. (1988However they are commonly described in these type
soils. Speckled (asepic), stipple speckled (argillasepic or insepic), ispsalded (mosepic),
andrandom strited (omnisepicare considered unrelateefdibrics by Blokhuis et al. (1988).
Speckled Habrics are described by Stoops (2003) as randomly arranged, equidimensional
domains of oriented clay which go extinct successjwehereas in striated-fabrics, the
oriented clay is present in elongated zones or streaks, at least 30 um long, in which the domains
show more or less simultaneous extinctidaid types found in vertic soils are not so different
than other soils. Chamars, channels, and vughs are all common, but planar voids tend to
dominate at depths below the surface horizons. Planar voids are generally linear and can be
jointed or oriented in oblique directions (Blokhuis et al., 1988). Planar voids often foneeaat s
planes and thus, represent slickensides and pressure faces.

The objective of this study was itovestigate clay mineralogy and micromorphology for
selected vertic soils of the Cherokee Prairies Major Land Resource Area. Pedogenic processes,
especial clay illuviation and shrindiswell processesvere evaliated as well as the effect of clay

mineralogy on the expression of vertic properties.
3.3 Materials and Methods

3.3.1Field Description and Sampling
Nine pedons were used in this studyite and pedn numbers are consistent with those in
the previous chapter. Site 3 Aliceville 09KS121001 is left out of this chapter because
mineralogy and micromorphology analysssverenot performed on this pedoffhreepedons
were sampled through the spring anthewer of 2009. These pedons include: Site 1 Bucyrus
09KS139001, Site 2 Woodson 09KS059001, and Site 4 Summit 09KS2070D04 remaining

six pedons were sampled and described by Natural Resource Conservation Service (NRCS) soill
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scientists prior to the baming of this study. These pedons include: Site 5 Woodson
73KS001003site 6 Zaar 05KS205003jte 7 Zaar 97KS205001, Site 8 Kenoma 05KS133003,
Site 9 Parsons 06KS133001, and Site 10 Eram 86KS133005ho8adnsamples and thin
sectiondor these sipedonsvereprovidedby the NRCS Soil Survey archive in Lincoln,

Nebraska, for additionahineralogyand micromorphology analydiy/ the Kansas State

University Soil Characterization Laboratorpll pedons were sampled by excavating to a depth
of one to wo meters with a backhoe. Pedons were described using the Field Book for
Describing and Sampling Soils (Schoenenberger et al., 2002). For each horizon, bulk samples
were taken for laboratory characterization, oriented clods were collected for thim sectio
preparation, andon-oriented clods were sampled and coatefdaranfor bulk density

measurement.

3.3.2 Mineralogy

Total clay and silt mineralogy were analyzed for selected horizons by the methods of
Jackson (1975). Forty gram samples of the lesszlmam air dry fraction were pretreated with
1 M NaOAc and 30% hydrogen peroxide to remove carbonates and organic matter, respectively.
The samples were dispersed and passed through a 300 mesh sieve (50 um openings) where the
sand was collected. The siltdclay fractions were separated through a series of eight
sedi mentation cycles where Stokesod I|ldaom was us
depth of fall (Jackson, 1975). The clay fraction was flocculated with MgGickfrozen in a
bath ofdry ice and ethanol, and then water was removed through freeze drying. The silt fraction
was oven dried to a powder.

Six clay treatments were prepared for each sample: Mg 25°EtMdene Glycol (Mg
EG), MgGlycerol (MgGLY), K 25°C, K 350°C, and K 550°CSolutionscontaining 30 mg of
clayfor each treatment were pipetted onto a glass slide and allowed to dry to provide a parallel
oriented mount.

A Phillips XRG-3100 generator and an APDrAy diffractometer wreused to analyze
all samples. The instrumewas equipped with a Theta compensatingastitl a monochromatic
X-ray beamwas obtained using a graphite monochromator. The instrum@enoperated with
VisualXRD software (GBC Scientific Equipment Pty. Ltd., Victoria, Australia). Instrument

operatirg conditions were as follows:
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Target: Cu

Radiation: Cu K U

Potential: 35 kV

Current: 20 mA

Detector: Scintillation

StepSize: 0. 02A2d

Time/Step: 0.6 seconds

The clay slides were scanned from 2A2d to
2A2d to 15A2d for the owdhre $camneédefatonmni 8A2
using randomly oriented powder diffraction specimen holders. Mineral peaks were identified by
their dspacing, and relative abundance of each clay mineral was estimated using peak

intensities.

3.3.3 Micromorphology

Thin sections were prepared for each horizon by a commercial laboratory (Texas
Petrographics, Houston, Teydsr sites 12, and4. For sites 57,8, 9 and 10Qthin sections
were prepared for selected horizons by théddal Soil Survey LaboratoryOrientedclods for
thin section preparation were not available for sites 3 antl&tliral fabric clods were not
available for thin section preparation for pedon 05KS205002 at sitlifi.sections were
examined with a petrographic microscope (Model Optiitalt Nikon, Melville, New York)
using plane and cross polarized light. Photographs were taken using a camera system (Model
UFX, Nikon, Melville, New York) attached to the microscope. Thin sections were qualitatively
described using the terminology of Stogp803). Particular attention was given to the

description of micromass and pedofeatures.

3.3.4Laboratory Characterization
Particle size distribution, pH, and total carlveere measured at the Kansas State
University Soil Characterization Laboratory fates 1 through 4. All other routine soil
characterization (not including mineralogy and micromorphology) was done at the National Soil
Survey Laboratory and methods can be found in the Soil Survey Laboratory Methods Manual
(Soil Survey Laboratory Staff0®4). Bulk samples were allowed to air dry and then were
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ground with a wooden rolling pin and passed through a No. 10 sieve with 2 mm square openings.
Soil pH was determined in a 1:1 soil to water suspension as well as a 1:2 soil to 0.1,M CaCl
solutionratio using methods 4Cla2alal and 4Cla2a2al, respectfully, of the Soil Survey
Laboratory Methods Manual (Soil Survey Laboratory Staff, 2004). Total carbon and total
nitrogen were determined using a hilgbquency induction furnace (Leco Model CI2800, St

Joseph, MI) following the procedure of Tabatabai and Bremner (1970). Particle size distribution
was determined using a modification of the pipet method of Kilmer and Alexander (1949) and
method 3A1 form the Soil Survey Laboratory Methods Manual (Souesu_aboratory Staff,

2004). Organic matter was removed prior to particle size analysis from samples containing

greater than 1.7% total C with 30% hydrogen peroxide.

3.4 Results and Discussion

3.4.1 Field Morphology and Laboratory Data

The field morphtngy of these soils reflects the geologic parent matguigsenin the
Osage Questa region of Kans&dany pedogenic processes are currently at work in the studied
pedons including accumulation of organic matter, leaching of carbonate and othersatsble
and weathering of clay minerals. Pedogenic carbonates were found well below 100 cm in all
soils. However, the dominant pedogenic processes of interest to this study are translocation of
clay and shrinkswell processesSoil movement and mixingsaociated with shirkwell tends to
destroy evidence of clay illuviation (Nettleton et al., 196Bese two processeanoccur
simultaneously. Therefore, it could be conceived that if the rate of clay illuviation exceeded the
rate at which shrirdswell could destroy ped faces, then accumulations of translocated clay
would be observable isoils with highshrink-swell properties. Clay increases and the formation
of argillic horizons in the upper part of the profile is primarily caused by clay illuniatio
However, given the humid climate, clay mineral formation through neogenesis is thought to have
contributed to the abundance of clay throughout these SDli¢s/. films are observeia the field
in the majority of soils in the region; however, they lagst expressed in soils exhibiting the
least shrinkswell potential. This is shown in the upper argillic horizons at site 2 which generally
expressed little evidence of vertic soil movement. The Btl horizon is described with 70 percent

continuous faint lack (10YR 2/1), moist, and very dark gray (10YR 3/1), moist, clay films on all

67



faces of pedsThe reverse is true in that soils exhibiting high shealell potential have less
strongly developed clay films or none at allhe Vertisols at sites 6 andvére not described
with any clay films. Table 3.1 shows selectetiysical and chemical characterization data for all
pedons.

The study pedons generally seem to belong to two different categories with regards to
clay illuviation and vertic properties: $®with silty surface layes and strongly developed
argllic horizons(i.e., claypan soils)and soils without argillic horizonsaving a more even clay
distribution throughout Silt loam and silty clay loam surface soils overly high stenlell
argillic horizons at all but site6 andr. In these claypan sojlthe shrinkswell potential of the
argillic horizonmaynot befully expressed as these subsurface horizons dry out less rapidly and
are not as subject to differential wetting by preferential timwn surface cracks due to the
buffering effect of the noexpansivesurface layer Half of the pedons showed strong evidence
of clay illuviation. These soils are often referred to as claypan soils. Sites 2, 5, 8, and 9 all
contain a very abrupt textalrchange at the top of the argillic horizon with greater than 20
percent clay increases from the overlying horiz8hickensides were described at sites 2 and 8,
andall four soils containetligh COLE valuesn the argillic horizon. Howeveryaence ofsoll
movement, cracking, and pedoturbation was least apparent at thes@sien.09KS059001 at
site 2 classifies as a fine, smectitic, thermic Vertic Argiaquéatisite 5 pedon 73KS001003 is a
fine, smectitic, Abruptic Argiaquoll. Ped@bKS133003at site 8 is classified as a fine,
smectitic, thermic Vertic ArgiudollPedon 06KS133001 at site 9 is the only soil in this study
with an ochric epipedon and an albic horizon. It is classified as a fine, mixed, active, thermic
Vertic Albaqualf.

Alternaively, the Zaar sod at sites 6 and7 contained little evidence of clay illuviation.
No argillic horizon or abrupt textural changes were observed, and no clay films were described
in the field. Evidence of soil movement and cracking due to shear assssated with soil
volume fluctuations was apparent. Many slickensides were described, aodsk&hibit high
COLE values throughout. Vertic processes have apparently destroyedrgridcaused the
mixing of surface and subsurfaberizons. Site 6 is a fine, smectitic, superactive, thermic Aeric
Endoaquert, whilegdon7 classifies as a fine, smectitic, thermic Typic Epiaquert.

The solil at site 4 appears to express characteristics of both the claypan soils and the Zaar
soils. Site 4 has a walefined argillic horizon; however, the clay increase is not as abrupt.
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Many slickensides were describedvasl as wedge structurélhe soil at site 4 classifies as a

fine, smetitic, thermic Aquertic Argiudoll.Site 1 is formed over limestone bedrack exhibits

clay films, but heclay films and argillic horizowccur at a greater depth than in the claypan

soils, and the clay increase with depth is much more gradual. Slickensides occur in the lower
part ofthe pedon, and the soil is a fine, mixadtive, thermic Oxyaquic Vertic ArgiudolISite

10 is a shallow soil formed over shale at 91 cm. Like the Zaar soils, this soil shows a high clay
content in the surface and only a slight clay increase with depth. Clay films and an argillic
horizon wereobserved, however. COLE values are significantly lower than in the Zaar soils.

The soil at site 10 is classified as a fine, mixed, active, thermic, Aquic Argiudoll.

3.42 Mineralogy

Based on the total clay mineralogy results, these nine pedons carbaggbuped into
two differing categories: soils dominated by smecttel soils exhibiting a more mixed clay
mineralogy. Clay mineral abundance graphs andax diffraction(XRD) patterns arshown for
all sites (Fig3.1 through3.18). At sites 2, 56, and 7, smectite dominated the clay fraction with
abundances in selected horizons ranging from 40 to 60 percent throughedXRD patterns
often showedhat the width of the smectite peak (M§°C) at half hajhtincreasedn horizons
near the soil surface.g., theAp and BA horizons of Pedon 6 (Fig. 3.10)his may indicate
increased weathering in the upper part of the soil as compared to the lower part of the soil.
Increased weathiag could causgreatemeoformatim of smectitesn the upper horizons
explaining the broader smectite peaksolinite was the next most common clay mineral in all
horizons (15 to 30 percent). Clay mica made up 5 to 15 percent panthyglaysized quartz
usually accounted for leslsan 10 percent. In even smaller amounts, feldspars were detected in
all four soils. In the upper parts of both Woodson soils, sites 2 asivell as in the Ap
horizon at site 4a hydroxyinterlayered mineral was found and estimated to be as mu¢h as 1
percent in the A horizon at site 5. This mineral is probably a hydrdgglayered smectite
(HIS) or vermiculite (HIV) and is evidenced by the broad shoulder on the 10A peak of the K
25°C treatment that persists when heated to 350°C and 550°C (tresak¥850°C and K
550°C) (Fig.3.19).

The soils at sites 1, 4, 8, 9, and 10 exhibited a more mixed mineralbgites 1, 4, 8,

and 9, smectite still made up a significant portion of the clay fraction, and as would be expected,
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this is especially trum the argillic horizons At sites 1, 4, and,$mectite contents increased to
as much as 40 percent in the argillic horizons. The fluctuations in the smectite contetaend
reflect changes in the fine clay to total clay ratio. When the fanetsltotal clay ratio increased
in the argillic hoizon, smectite content increasaslwell. Mineralogy of the fine clay fraction
was not determined for this study; however, many studies have found that snoéetitesake

up nearlythe entire fine clay fretion (Gunal and Ransom, 2006a)

Kaolinite contentatsites 1, 4 ,8 ,9, and 1@ere generally greatéihan inthe Woodson
and Zaar soils (sites 2, 5, 6, ancadfirangedfirom about25 to 45 percentVermiculite was
found in all five of the more mixed soils (sites 1, 4, 8, 9, and E@jures3.20 and3.21 show
the Mg25°C, MgEG, and MgGLY treatments for the 3Btkss and BC horizons at sites 4 and 10,
respectively. The interlayespacing of smdite is known to expand from 14 to 18 A when
treated with ethylene glycol and glycerdllo interlayr expansion is observed in theseay
diffraction patterns; thus the majority of the Ageak is contributed to vermiculitdt
contributed anywheradm 5 to 30 percent of the clay fraction and generally increased with
depth. Clay mica and quartz usually contributed 5 to 15 percent each, and feldspars were
detected in all but sites 1 and 1Goethite and/or lepidocrocite were fouimdsmall amountst
sites 1, 8, 9, and 10.

The clay mineralogy of pedon 86KS133005 at site 10 proved to be very different from all
the other soils. Site 10 was estimated to have the highest kaolinite corgbouti0 percent
throughoutand the lowest smectite conteitlO percent throughout. Even though site 10 did
have high total clay contesithoughout like the Zaar soils, its COLE and CEC values are much
lower. These findings support the mineralogy results for this pedon as smectite is known to
contribute a graadeal to COLE and CEC. Much of the profile at site lf@ised inresiduum
derived from weathered shalghich isthought to be one of the lower members of the Kansas
City Group. The vastly different mineralogy found at thigesisprobablyinherited from the
geologic material found locally at the surface.

At sites 1 4, 8, and 10an interstratified mineral was identified in some of the horizons.
This mineral was interpreted to be a regularly interstratifie@dsmectite (RMS) or regularly
interstratified micavermiculite (RIMV) (a distinction between the two was ma&de)having a
regular repeating pattern of interstratified layersafa and either smectite or vermiculit€his
mineral was identifieth XRD patterns oftie Mg25°C treatmenbased on the presence of

70



shoulders and small peaks at about 2B#y. 3.20 and 3.213s well aghe presence dfroad
peaks at 12Avhich were onlyobserve in horizons at site 1(Fig. 3.21) Several other
researchers have found bo#gularly and ratiomly interstratified mineralsimilar tothese
(Sawhney, 1989; Gunal and Rans@d06y; Murashkina et al., 2007; Fanning et 4089;
Moore and Reynolds, 1997 Murashkina et al2007)and Sawhney (198%rmed this mineral
hydobiotie. It is thought to form as an alteration product of mica weathermiving the
replacement of K by Mgr Cain alternag interlayer zone¢Sawhney, 1989)

The broad peaks fourzbtween 10A and 14A (~124Fig. 3.21)that increase in-d
spacing upn treatment with ethylene glycol and glyceiolthe horizons at site 18uggest the
presence of a randomly interstratifieticasmectite (Sawhney, 1989However, the distinction
between regularly andmdomly interstratified mineralwas notmade infigures3.1 through
3.18. Randomly interstratified minerals atemposedimilar to that described above for regul
interstratification however, the distribution of the different clay mineral layers lacks a regular
repeating patternRandominterstratificaton of layer silicates in soil clays is much more

commonthan regulainterstratification(Sawhney, 1989).

3.4.3 Micromorphology

Micromorphology investigations were primarily undertaken in order to examine the
extent of clay illuviation and the effects gfirink-swell. In all soils, disruption of illuvial clay
features by shrinlswell movement was evident. Striatefabrics dominated except soils
with low COLE value in thesurfacdayeroverlying argillic horizons. Differences among soils
and soil torizons generallpccurred with the varying amounts of illuviated cthgtwere
preserved either on void and grain surfaces or embedded within the matrix. llluviated clay was
distinguished from stress oriented clay based on the sharpness of boundhtiesthitkness of
the normally lineasshaped oriented clay zaneStress oriented clay and illuvial clay that has
been deformed by pressure tended to have characteristics of the matrimapeidiffuse
boundariesand often resembled large lineaiaions under cross polarized ligbomewell
developed clay films were observed in #ngillic horizons of these soils; however, they
appeared discontinuous in thin sect{bigy. 3.22, 3.23, and 3.34 Gunal and Ransom (2006a)

reported in a study obkss derived soils in Kansas that illuvial argillans were not observed when
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the plasmic fabric was lattisepic or striatélthis suggests that large voids and ped surfaces do
not persist long enough for the accumulation of clay particles. However, bateel distorted,
embedded remnants of old illuvial features, it seems apparent that significant translocation and
illuviation of clay has occurred. Thus, the description of argidBt horizonsis justified.

While studying Vertisol formation in a hudhclimate, Nordt et al. (2004) observed argillans in

the lower part of the pedon, but not in the upper where skl activity was greatest. They
concluded that translocation of clay was occurring, but clay films were only preserved in the
lower pedm where ped and void surfaces were more stable. Nordi(20@#)cite other studies

of soils in humid climates that reached similar conclusions (Mermut and Jongerius, 1980;
Yerima et al., 1987; Wilding and Drees, 1990).

Surfacelayers at sites 1, 2, 4, and 9 revealed no evidenceastumulations of oriented
clay and were nearly entirely dominated by stipgpeckled Kabric in the plasma fabric or
micromass.Microstructure of these surface soils as compared to their subsoils differed as well.
Surface soils at these sites exhibited a more open granular or subangular blocky structure
whereas the argillic horizons in the subsoils were much more dense with accommodating
channels and many linear planes resulting from shrinkage and shear slippage ¢®@8)ps
The microstructure of the clayey surface at site 7 resembled that of the subsoils described above
with its blocky, dense appearance and the presence of linear (Fanes25. Some small
zones of weakly developed striatedialbric were presd in the Ap horizon at site 7, but stipple
speckled Kabric was much more common. The Ap horizon at siteht@vedstriations of
oriented clay in the plasma fabric. Stress oriented clay was also observed surrounding several
iron-manganese nodes and and grains.(Thin sections of the Ap horizon at sitev@renot
available.)

All subsoils exhibited features that were interpreted as being remnants of older illuvial
argillans that had been deformed and/or embedded within the matrix by pressure and sheari
(Fig. 3.26, 3.27, and 3.28 Similar embedded grain argillans were observed by Wehmueller
(1996) Rabenhorst and Wilding (1986), and Ransom and Bidwell (199@)s1, 2, 5, 8, and 9
appeared to show the least deformation of argillans. Some iltlaiatoatings appeared
undisturbedandmanyothers had been embeddbdt their deformation was not as severe as at
sites4, 7, and 10.Coatings and infillings of silt were found in channels in several soils,
especially in the upper argillic horizoogsites 1, 2, 5, 8, and(%ig. 3.29. These silt coatings
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exhibited no birefringence color®arallel striated, granostriated, and porostriatéabbics were
present in all subsoils examingeg. 3.30, 3.31, and 3,32Gunal and Ransom (2006&ad

200@), Presley et al. (2004yYehmueller (1996), and Glaze (1998) also observed striated b
fabrics in argillic horizons in Kansad/onostriated, crosstriated, and crescent striated b
fabrics were also observe&triated bfabricsgenerallywere the mostteongly expresseuh the
lower part of the profile, or in the zone of maximum slickenside development. Many linear
planes were observed of all sif€g3. 3.33 and 3.2b Some are thought to represent slickenside
surfaces or zones of shear failure. ledingear zones of stress oriented clay are present on either
side of these planes and are associated with monostridébdids. Other pedofeatures observed
include many redoximorphic iremanganese accumulations in all soils. Thesennanganese
accunulationsoccuras matrix accumulationgrriargillanhypocoatings around voids, and
intrusive nodules. #sites 4 and,fcalcium carbonateoduleswere observedh the lower

horizons

3.4.4Model of Soil Genesis

The distortion of illuvial clay featuresoserved in thin section suggests that these claypan
soils havalevelopedhroughat least two differing environmenis period of significant clay
illuviation to create thelay filmsfollowed by a period of shinkwell activitythat effectively
distortedand embedded the clfiims. At some point during soil formationilty, non-expansive
surface soilsvith underlyingclaypansgdevelogddue to avarietyof possiblereasons.Loess
deposition on top aflayey alluvium or residuum, translocation of claywavardand/or
laterallyin the soil,and clay particle destructighrough ferrolysis are afiroposednethodsof
claypan formation.Once the silf, nonexpansive top soil forejthe soil ceases to crack to the
surface. Preferential flow through surfareacks is drastically reduced. Thus, differential
wetting of the subsoil, needed in the soil mechanics model of Vertisol formation, becomes
limited due to the buffering effect of the nrerpansive surface soil. Therefore, the staniell
potential of theclayey subsoil is not fully expressed as thesezons dry out less rapidlyl his
prevents these soils from developsigongly expressed vertic properties and classifying as
Vertisols. In some soils of the region (i.e. Zaar series, Osage seriesadwhich aresimilar
to sites 6 and 7), shrindwell and pedoturbatiomay providegreat enough mixing of surface and

subsurface horizons to effectively counteract clay translocalibese soils are thought to be
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younger soils than theoils formed ith claypans. Thereforéhe upper horizonkck the
contribution from loess deposition observeather pedons of the studfhese soils maintaia

clayey, high COLE value surfaseil, as well as deep cracking that extends to the surface.

3.5 Conclwsions

Clay mineralogy data shows that sites 2, 5, 6, and 7 are clearly dominated by smectite
whereassites 1, 4, 8, 9, and 10 exhibit a more mixed mineralogy with a smaller abundance of
expanding clay mineraldn the mixed mineralogy pedons, kaoliniteymiculite, and clay mica
often played larger roles even though smectite content was still significant. Some of these soils
are borderline to both the smectitic and mixed mineralogy classes. Based orsal@link
characteristics, a smectitic mineralodgss may be most appropriate since shawell
characteristics are historically associated with smectitic mineral®mectite content generally
has a positive relationship with shislvell potential. This concept is partially supported in that
sites 6and 7 displayedtrongvertic characteristics in the field, in thin section, and in the
laboratory data. These two soils classified as Vertisols. HowevemibetiticWoodson soils
at sites 2 and 5 displayéithited evidenceof soil movement andrackingin the field These
sitesclassified as Vertic ArgiaquollsThis indicates that clay mineralogy alone does not
influence theamount of soil volume contraction and expansion oegtpgession of vertic
properties.Also, the total clay content and fictay to total clay ratios for all soils are relatively
high. Therefore, even the soils exhibiting mixed mineralogies contain a significant quantity of
expanding clay minerals. This fact, in combination with seasonal moisture changes, provides
enough shnk-swell movement to deform clay films and create the striatiadbtics observed in
thin section The distortion of illuvial clay features observed in thin section suggests that these
claypan soils have developed througkeast two differing environments: a period of significant
clay illuviation followed by a period of shirswell activity. Since he formatiorof silty, non
expansive surface soils with underlying claypdahsrate and magnitude gbil volume chage
has leen limitedby bufferingof the wetting and dryingrocess.Sites 6 and 7 are younger soils

lacking a developed claypan.
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3.7 Figures and Tables

Figure 3.1- Mineralogy of total clay fraction of site 1, pedon09KS139001, sampled in
OsageCounty, Kansas
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Figure 3.2- X-ray diffraction pattern of selected horizons for site 1. Mg25°C treatment
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Figure 3.3 - Mineralogy of total clay fraction of site 2, pedon 09KS059001, sampled in

Franklin County, Kansas.
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Figure 3.4- X-ray diffraction pattern of selected horizons for site 2. Mg25°C treatment
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Figure 3.5 - Mineralogy of total clay fraction of site 4, pedon 09KS2070Qkanpled in

WoodsonCounty, Kansas

Figure 3.6- X-ray diffraction pattern of all horizons for site 4. Mg25°C treatment.
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Figure 3.7 - Mineralogy of total clay fraction of site 5, pedon73KS001003 sampled inAllen

County, Kansas
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Figure 3.8- X-ray diffraction pattern of selected horizons for site 5. Me25°C treatment.
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Figure 3.9 - Mineralogy of total clay fraction of site 6, pedon 05KS2050QZampled in

Wilson County, Kansas
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Figure 3.10- X-ray diffraction pattern of selected horizons for site6. Mg-25°C treatment.
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Figure 3.11- Mineralogy of total clay fraction of site 7, pedon 97KS2050Q0kampled in

Wilson County, Kansas
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Figure 3.12- X-ray diffraction pattern of selected horizons for site 7. M¢g25°C treatment.
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Figure 3.13- Mineralo gy of total clay fraction of site 8, pedon 05KS1330Q3ampled in

NeoshoCounty, Kansas
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Figure 3.14- X-ray diffraction pattern of selected horizons for site 8. Mg25°C treatment.
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Figure 3.15- Mineralogy of total clay fraction of site 9, pedon 06K&33001 sampled in
NeoshoCounty, Kansas

Site 9
% Abundance
0% 20% 40% 60% 80% 100%
' ' ' ' ' ' ® Smectite
A m Kaolinite
i = Vermiculite
E T s ciay Mica
c |
¢ xo N ...
s | pars
1 Goethite

2etyg1 - | ——

2Btg3 W‘

Figure 3.16- X-ray diffraction pattern of selected horizons for site 9. M¢g25°C treatment.
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Figure 3.17 - Mineralogy of total clay fraction of site 10, pedon 86KS13300%ampled in

NeoshoCounty, Kansas
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Figure 3.18- X-ray diffraction pattern of selected horizons for site 10. MeR5°C treatment.
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Figure 3.19- X-ray diffraction pattern of the A horizon at site 5 K-25°C, K-350°C, and k-

550°Ctreatments. Broad 10A to 14A peak persists when sample is hedte This is evidence

that the mineral layers are not collapsing and suggests the presence of a hydrexyl

interlayered mineral such as hydroxylinterlayered smectite or vermiculite.
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Figure 3.20- X-ray diffraction pattern of the 3Btkss horizon at site 4. Mg-25°C, Mg-EG,
and Mg-GLY treatments. The 14A peak does not shift to 18A when treated with ethylene
glycol or glycerol showing that the interlayers are not expanding. This is diagnostic of
vermiculite. The peak at~24A indicates a regularly interstratified mica-smectite or mica

vermiculite.
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Figure 3.21- X-ray diffraction pattern of the BC horizon at site 10. Mg25°C, Mg-EG, and
Mg-GLY treatments. The 14A peak does not shift to 18A when treated with ethylene glycol
or glycerol showing that the nterlayers are not expanding. This is diagnostic of

vermiculite. The peak at ~2A indicates a regularly interstratified mica-smectite or mica
vermiculite. The broad peak between 10A and 14Avhose dspacingincreaseswith the

ethylene glycol and glyceol treatments, indicates a randomly interstratified mica-smectite.
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Figure 3.22- 2Btg1l horizon at site 9. A) Limpid, laminated illuvial clay coating appears
relatively undisturbed by soil movement. B) Note the lack of illuvial clay coatings in the

larger channel. This suggests that this channel opened more recentind clay has not yet

been deposited on its walls. Crosseaablarized light. Framelength is 665 pm.
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Figure 3.23- 2Btss3 horizon at site 1. A) Thick illuvial clay coatings along linegplains. B)
Large zone of oriented clay displaying orange interference colors embedded in the matrix.
Crossedpolarized light. Framelength is 1330 pum.
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Figure 3.24- Btg3 horizon at site 2. Laminated illuvial clay feature filling a pore. Crossed

polarized light. Framelength is 3325 pum.
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Figure 3.26- Btgl horizon at site 2. Distorted, embedded argillan andtress oriented clay

along linear plains. Crosseebolarized light. Framelength is 1330 um.
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Figure 3.27- Btl horizon at site 2. Distorted, embedded argillan separated by a linear

shrinkage plain. Note the lack of illuvial clay coatings on large voidurfaces. Crossed

polarized light. Framelength is 1330 pm.




Figure 3.28- Btg3 horizon at site 2. Distorted, embedded argillans. Crossqablarized

Figure 3.29- Btss1 horizon at site 1. Silt infilling a channel and sé¢ss related linear plains.

Plain-polarized light. Framelength is 3325 pum.
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Figure 3.30- Btgl horizon at site 2. Strongly expressed parallel striated-fabric caused by

micro-shear due to shrinkswell. Crosseepolarized light. Framelength is 665 pm
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Figure 3.31- Btl1 horizon at site 4. Granostriated bfabric around Fe-Mn nodules.
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Figure 3.32- Btgl horizon at site 2. A) Porostriated bfabric. B) Distorted, embedded

argillan. Crossedpolarized light. Framelength is 665 pm.

Figure 3.33- at site 10. Linear plane with thin, stress oriented clay on either side. Crossed

polarized light. Framelength is 1330 pm.
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