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CHAPTER I 

INTRODUCTION 

Irrigation and the increased demand for agricultural products has 

brought about cultivation of lands previously thought too sandy for 

crop production. Soils having sand, loamy sand, or sandy loam surface 

textures are highly subject to wind erosion once cultivated. In Texas 

alone, there are more than 50 million acres of soil with sandy loam or 

coarser textured surfaces, and over 11 million acres of these are culti

vated (Lyles, 1975). This represents approximately one-third of the 

cultivated land in Texas. On the Texas High Plains, vast areas of sandy 

soils are cultivated and pose a major problem because of their wind erod-

ibility. Conventional tillage practices can alleviate much of the prob

lem, but some soils have sand or loamy sand surfaces that extend below 

the normal plowing depth. These areas must be deep plowed in such a 

manner as to bring clod-forming subsoil clay to the surface to reduce 

their wind erodibility (Cunningham, 1956; Chepil et al., 1962). It has 

been observed that some of these deep-plowed soils must be deep plowed 

again after as little as five years of cultivation as the benefits of 

the first deep plowing diminish due to the loss of clay from the upper 

plow layer. Some of the clay is lost by wind erosion or buried by sand 

from adjacent areas (Chepil et al., 1962). The rest of the clay is 

translocated back downward into the subsoil with percolating water and 

deposited in the argillic horizon. Deep plowing is costly, and there

fore, the fate of the surface clay is economically important. 



The primary objective was to study the reformation of argillic 

horizons in deep-plowed sandy soils. Two secondary objectives were to: 

1) characterize the Patricia soil chemically, physically, and mineralogi-

cally, and 2) provide additional information concerning clay illuviation 

as a means of argillic horizon formation. 



CHAPTER II 

LITERATURE REVIEW 

Geomorphology and Climate 

The study area of this project is located in the southwestern 

portion of the Texas High Plains, often referred to as the "Llano 

Estacado" (Fig. 1). The Llano Estacado is essentially a wery large 

plateau bounded by the Canadian River Valley on the north, Pecos River 

Valley on the west, and the Osage Plains on the east; it merges with 

the Edwards Plateau on the south (Lotspeich and Coover, 1962; Reeves, 

1965). Encompassing an area of about 20,000 square miles, the Llano 

Estacado is approximately 250 miles (400 km) long from north to south 

and 125 miles (200 km) wide. The area is remarkably flat and devoid 

of prominent topographic features. Permanent streams are practically 

nonexistant and surface drainage is into the numerous playa lakes that 

dot the landscape (Reeves, 1965). Only near escarpments on the east 

and west sides can small re-entrant streams be observed. Elevation of 

the Llano Estacado ranges from 4800 ft (1460 m) in the northwest, to 

2700 ft (820 m) in the southeast, resulting in slopes of only 8 to 10 

ft/mi (1.5 to 1.9 m/km). Topographic relief is generally less than 

100 ft (30 m) into playa lakes and a few relict Pleistocene drainageways. 

The bedrock under the Llano Estacado is comprised of Permian sand

stones and shales unconformably overlain by Triassic beds of sandstones 

and clays (Evans and Meade, 1944; Frye and Leonard, 1964). Erosional 

remnants of Cretaceous limestone in places overlie the Triassic 
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Figure 1. Location of the cultivated soil (A) and the native range 
soil (B) in Terry County, Texas 
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sediments. The Ogallala Formation, generally considered to be of 

Pliocene age, consists of poorly sorted sands and gravels and lies 

above the Cretaceous and Triassic sediments. The eolian mantle, or 

"cover sands," of the Llano Estacado above the Ogallala Formation con

sists of sediments derived from Permian formations in the Pecos River 

drainage basin, and possibly from exposures of the Ogallala in the 

southwestern part of the Llano Estacado, during Middle Pleistocene 

interglacial periods. The boundary between the Ogallala Formation 

and the eolian mantle is sharply defined in most places by the 

pedogenically-derived "caprock caliche" (Frye and Leonard, 1944). 

Soils on the Llano Estacado are mostly mid-Pleistocene in age. 

Texturally, their surfaces range from sands and loamy sands in the 

southwest, to clay loams and silty clay loams in the northeast because 

of graded deposition. Lotspeich and Coover (1962) state that parent 

material, time and topography have been the dominant factors controlling 

soil formation. The textural gradation in the sediments from the south

west to northeast is the dominant factor controlling regional soil 

patterns. Seitlheko (1975) found that soils on the Llano Estacado 

become consistently finer from the southwest to northeast as argillic 

or subsurface horizon textures graded from fine sands to clays, respec

tively. In addition, he reported consistent decreases in mean sand 

size in a northeasterly direction. Soils used in this project are 

located in the southwestern part of the Llano Estacado (Terry County) 

where fine sands and loamy fine sands predominate. Lotspeich and 

Coover (1962) state that many of the soils have come to near equilibrium 



with their environment despite the limited rainfall because of the great 

length of time since deposition. This is evidenced by well developed 

soil horizons and zones of carbonate accumulation. Topography influ

ences local soil patterns near playa lakes. Erosion and selective sort

ing of the fines within the playa watershed results in shallower soils 

on the slopes and more clayey, impermeable sediments in the playa 

bottom. 

The southwestern part of the Llano Estacado has a warm-temperate, 

subhumid continental climate. Terry County receives an average of 18.6 

inches (473 mm) of precipitation annually with a summer maximum (Soil 

Survey Staff, 1962). High winds, greater than 60 mph at times, blow 

during the Spring months, creating severe dust storms (Lotespeich and 

Everhart, 1962). The area is characterized by high summer temperatures, 

low to moderate relative humidity, and high evapotranspiration rates. 

Winters are cool with occasional near-zero (°F) temperatures following 

the passage of cold fronts. 

Deep Plowing 

Deep plowing is accomplished with large moldboard or disk plows 

pulled by crawler-type tractors. Plowing depth is dependent upon the 

depth to the finer-textured subsoil (argillic horizon) and the amount 

of clay needed at the soil surface to reduce wind erosion. Some authors 

contend that 8% or more clay in the soil surface will significantly re

duce wind erosion to an acceptable level (Cunningham, 1956; Harper and 

Brensing, 1950). However, some authors feel that a considerably greater 



amount is needed (Chepil, 1953; Chepil and Woodruff, 1959; Chepil et al., 

1962). 

Factors affecting soil erodibility include texture, climate, sur

face roughness, field length, and vegetative cover (Lyles, 1975; Chepil 

et al., 1963). Lyles (1975) and Chepil et al. (1963) report wind erodi

bility is greater for sandy soils than medium- or fine-textured soils 

due to the lack of cohesiveness between sand grains. In addition, finer 

sands are more easily eroded than coarser sands. 

Sandy soils in arid and semi arid climates are more susceptible to 

wind erosion because of limited rainfall and less vegetative cover than 

those in more humid climates. This is a particular problem in southern 

semi arid areas because of winter and early spring fallowing of fields 

used for cotton and grain sorghum production (Chepil et al., 1963). 

The presence of stable clods on the soil surface is important in 

controlling wind erosion on sandy soils. The increased surface rough

ness reduces wind velocities at the soil surface, thereby reducing 

erosion during the drier seasons (Baver et al., 1972; Chepil et al., 

1963; Harper and Brensing, 1950). 

Field length, especially if row crops parallel the prevailing wind 

direction, is a major factor affecting soil erosion. Long strips of 

unprotected sandy soil between rows are highly susceptible to wind 

erosion. Row cropping perpendicular to the prevailing winds,or shorter 

row length, are means of controlling this problem (Chepil et al., 1963; 

Chepil and Woodruff, 1963). 

Many authors state that the maintenance of vegetative cover on sandy 

soils is one of the most important means of reducing wind erosion 
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(Chepil et al., 1963; Baver et al., 1972; Chepil and Woodruff, 1963). 

Strip cropping and stubble mulching are the two most common means of 

maintaining vegetative cover year round. 

Many benefits, in addition to erosion control, have been reported 

for soils which have been deep plowed. Productivity is usually in

creased for a limited number of years because of recycling of nutrients 

and oxidation of organic matter (Chepil et al., 1962; Cunningham, 1956; 

Harper and Brensing, 1950). In addition, increased clay content in the 

soil surface increases the water supplying capacity of the sandy soils. 

All authors agree that other conservation practices must be used 

with deep plowing to ensure wind erosion control. 

Clay Movement 

Clay translocation into B horizons of soils effects most argillic 

horizon formation. Much work has been done to substantiate this process 

and to determine what soil factors are most influential in the downward 

movement of clays. McKeague and St. Arnaud (1969) and many others sug

gest that clay translocation is mainly a simple physical process in 

which clays move downward in suspension through the soil with percolat

ing water after soluble salts and carbonates have been removed. Suspen

sion of soil clays occurs as a dry soil is wetted. Soil clays move 

downward until filtered out, deposited on a surface, adsorbed, or floc

culated as the soil dries. The depth to which clays are translocated 

is dependent upon the amount of water moving through the soil and the 

depth to which flocculating salts or carbonates have been translocated. 



Jenny and Smith (1935) stated that clays move in suspension as 

whole particles and not as colloidal SiO^, AUO^, and Fe^O^ with sub

sequent recombination. Most authors concur with this statement, but 

much debate is still centered around whether argillic horizons form 

mostly by translocation or in situ clay formation. A great deal of 

evidence is available to support both arguments, but only clay illuvi

ation is considered here. Torrent et al. (1980) investigated clay 

illuviation as a means of lamellae formation in soils and found the 

fine clay/total clay ratio to increase with depth. This is expected 

in an illuvial process since clays must move downward through existing^ 

pores and finer clays wguld be able to pass smaller pores. The invest

igators also found that the kaolinite percentage decreased with depth, 

most likely due to its larger size. 

Nettleton et al. (1975) found a similar increase in the fine clay/ 

total clay ratio in Argids. They also found considerable redistribution 

of A U O ^ and ^^^'^2 ̂ "̂  argue that this is direct evidence of illuviation 

in argillic horizon formation. Iron and aluminum oxides occur as clay-

sized particles and move as do the silicate clays. Also investigated 

was the degree of weathering and composition of the non-clay fraction of 

surface and subsurface horizons. If the clay increase in an argillic 

horizon was due to erosion or burial, differences in lithology or degree 

of weathering would be expected within the soil profile. The investi

gators found no significant differences in either of these factors and 

consider this as indirect evidence that translocation was responsible 

for the clay increase in the argillic horizons of Argids. 
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Several factors affect the mobility and movement of clays in soils. 

Jenny and Smith (1935) investigated the colloidal aspects of clay pan 

(argillic horizon) formation. Colloidal clay particles must move 

through the available pore channels of the soil skeleton. Therefore, 

particles or aggregates with diameters larger than the pore will be 

trapped within the pore. This results in the formation of even smaller 

pores which will in turn retain clay particles of ever-decreasing size. 

The authors refer to this as the sieve-action principle. Hallsworth 

(1963), in a similar experiment, also found clay movement to be re

stricted as sand size in a column was decreased. Dijkerman et al. 

(1967) found some subsoil lamellae to coincide with stratification of 

parent materials, thus supporting the sieve-action principle of Jenny 

and Smith (1935). Torrent et al. (1980), however, found no evidence of 

stratification of differing sized particles which would result in seiv-

ing of clays; therefore, some other factor, or factors, must have been 

responsible for the lamellae formation. 

Electrolytes also influence clay movement in soils by their ability 

to effect dispersion and flocculation in that positively charged ions 

are attracted to clay surfaces. Jenny and Smith (1935) discussed the 

effects of various cations in solution, primarily in terms of their 

flocculation values, as they affect clay movement. Both size and charge 

of the cations influence the flocculation values, with the former being 

most influential. For the more commonly occurring soil cations, Ca has 

the greatest potential for causing flocculation and Na the least. The 

converse is true when considering the cations in terms of dispersion. 

Saturation of clays with these cations is a reversible process. 
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Jenny and Smith (1935) state that the movement of clays through a 

soil is dependent upon their being in a dispersed state. Cations ef

fecting the greatest dispersion would therefore be expected to give 

clays the greatest mobility. Their experiments showed that Na enhanced 

clay movement more than Ca in soils. Experiments by Hallsworth (1963) 

with kaolinite confirmed the observation of Jenny and Smith (1935). The 

degree of hydration plays a significant role in determining the movement 

of clays in the presence of electrolytes. Jenny and Smith (1935) found 

that fully dispersed and hydrated clays actually reduced translocation. 

Winterkorn and Baver (1934) found that Na-saturated montmorillonite, 

when allowed to fully hydrate, would swell to nearly 5 times the size of 

Ca-saturated montmorillonite, resulting in blockage of pores and reduced 

clay movement. Hallsworth (1963) reported that once the Na concentra

tion in the soil solution reached 0.01 N, clay migration was greatly 

reduced. Jenny and Smith (1935) stated that dehydration, which removes 

water shells and brings primary particles back into contact, reforms 

more stable aggregates and opens soil pores. This would allow for more 

clay movement and accelerate clay pan (extreme argillic horizon) devel

opment. 

Jenny and Smith (1935) discussed an attraction phenomenon in clay 

pan development. When a positively charged iron hydroxide soil is 

passed through a column of glass beads, a thin coat of Fe-colloid 

sticks to the beads due to attraction of the positively charged Fe-

colloid to the negatively-charged glass surface. This results in a 

positively charged surface, which in turn attracts the negatively 
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charged clay particles. This process continues and the coat of alter

nating Fe-colloid and clay thickens and eventually fills the pore space 

until the sieve-action principle begins. This process, in contrast to 

the electrolyte pan,is irreversible. Hallsworth (1963) showed similar 

reductions in clay movement when FeCK and AICK were introduced into 

sand columns through which clay was being translocated. 

Hallsworth (1963) examined some of the factors that affect the 

movement of kaolinite and montmorillonite in an artificial soil con

sisting of varying sized sands and gravels. He found that movement 

was severely restricted when the clay percentage in the column of 

artificial soil reached 40% montmorillonite or 20% kaolinite. Brewer 

and Haldane (1957), in their investigation on clay movement and orien

tation in an artificial soil, found that a mixture of illite and 

kaolinite was immobile, unoriented, and filled the entire pore volume 

when the clay percentage reached 40%. 

Hallsworth (1963) also found that pH influenced clay movement. 

Increasing the pH of the leaching solution increased clay movement for 

pH values between 7 and 13 for kaolinite. Increasing the pH of the 

leaching solution for montmorillonite showed quite different results. 

Maximum mobility of montmorillonite occurred between pH 8.5 and 10.0. 

However, above pH 10, deflocculated hydrous gels of montmorillonite 

completely blocked pores and prevented percolation of the leaching 

solution. 
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Clay Orientation 

Clay minerals have a tendency to become oriented in soils because 

of their platy crystal habit. Translocated clays are deposited in pores 

and cracks in the soil and tend to stack up, one on top of the other, 

with their broad axes parallel to each other. Stephen (1960) states 

that the lower limit of resolution with a petrographic microscope is of 

the order of 5my, but since clays tend to orient, they show optical 

properties such as birefringence and extinction phenomena similar to 

larger crystals. The optical anisotropy of clay aggregates in soils 

results from the orientation of individual clay particles. The degree 

of extinction indicates the perfection of the orientation. 

Brewer and Haldane (1957) investigated the development of clay 

orientation in soils. The basis of their experiments was to introduce 

clay-sized material composed of 60% illite, 30% kaolinite, and 5% 

quartz into columns of sands and silts in different proportions under 

varying conditions. Thin sections were prepared from the sand columns 

and analyzed petrographically for the degree and type of clay orienta

tion. Their results showed that the type of saturating cation had no 

effect upon the orientation of clays. In all cases, the clays were 

strongly oriented. However, as the concentration of clay in suspension 

or the concentration of the salt of the saturating cation was increased, 

weaker orientation resulted. They showed that illuviation could be 

accomplished by both percolation and capillarity. The introduction of 

silt-sized material into the sand columns resulted in weakly oriented 

or unoriented clay aggregates. Evidence gathered about natural soils 

support the results of their experiments. 
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Nettleton et al. (1969) investigated the reasons why some argillic 

horizons of soils in arid and Mediterranean climates lack distinctive 

clay skins. They suggested that the degree of clay orientation in the 

soil plasma is interrelated to the potential of the soil to shrink and 

swell with drying and wetting. Swelling, as the soil wets, can prevent 

clay skins from forming and destroy preexisting clay skins. Unless the 

ped is extremely stable through wetting and drying cycles, clay skins 

thick enough to be seen in thin sections, cannot be formed. Destruction 

of preexisting clay skins would be expected to start in the upper B 

horizon or the horizon highest in clay that is exposed to the most 

pronounced wetting and drying cycles. They further state that despite 

the absence of visible clay skins, other evidence supports clay illuvia

tion in the soils studied and they should continue to be recognized as 

having argillic horizons. 



CHAPTER III 

MATERIALS AND METHODS 

Field Studies 

Two sampling sites about 15 miles west-southwest of Brownfield, 

Texas (Fig. 1) were selected for investigation in this study. The 

two pedons sampled are of the Patricia series, which has a thick sandy 

epipedon underlain by a sandy clay loam argillic horizon at about 35 cm, 

Site A was located in an irrigated cotton field. This field was first 

cultivated by clearing of native vegetation and deep plowed to bring 

clod-forming subsoil to the surface in 1978. Site B was located in 

native range 2.5 miles (4 km) east of Site A. Profile de-scriptions as 

well as other site information were recorded at each site. Samples 

were collected for physical and chemical characterization and thin 

section analysis. 

Laboratory Analyses 

Particle Size Distribution 

Particle size distribution was determined by both the simplified 

Day procedure (Gee and Bauder, 1979) and the Bouyoucos (1951) procedure 

as modified and used by the Soil Conservation Service (SCS) in Texas. 

Approximately 100 g of soil were placed into 240-ml screw-cap plastic 

bottles and 100 ml of 5% sodium metaphosphate [Nag(P02)g] were added to 

effect dispersion of the clay colloids. The samples were shaken over

night on a reciprocating shaker. Clay percentage was determined by the 

hydrometer readings at the appropriate times for each procedure. Sand 

15 
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percentages were determined by wet sieving through a 325-mesh (47-ym) 

screen and weighing the sand retained. The sands were saved for 

fractionation and heavy mineral separations. Silt percentages were 

determined by difference. A comparison of the two procedures and 

their results will be discussed later. 

Clay and Silt Separations 

Results of the particle size distribution analysis were used to 

calculate the amount of soil needed to yield approximately 15 to 20 g 

of clay. The appropriate amount of soil from each sample was placed 

in a 1000-ml beaker and 10% acetic acid (HOAc) added to destroy carbon

ates. After reaction ceased, the solution was removed by siphoning, 

and additional HOAc was added until no further reaction was noted. 

Organic matter in the samples was destroyed with successive hydrogen 

peroxide (H2O2) treatments of 10%, 20%, and finally 27.5% with heating 

until no further reaction was noted. The soil suspensions were then 

transferred to 1000-ml Erlenmeyer flasks and 15 ml of 10% sodium meta

phosphate LNag(PO^)^] added. The flasks were stoppered and shaken for 

4 hours on a reciprocating shaker. The suspensions were transferred 

to lOOO-ml sedimentation cylinders and brought to volume. Clay siphon-

ings were conducted at the appropriate time intervals as calculated 

using Stoke's Law. Siphonings in this manner were repeated until the 

suspensions became clear. The suspensions were flocculated using CaCl^ 

and the reaction products removed by repeated siphonings until dis

persion began. 
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Silts were removed by passing the remaining silt and sand through 

a 325-mesh (47-ym) sieve to remove sand and then collecting and drying 

the silt passing the sieve. 

Sand Fractionation 

Sands from the particle size distribution analysis were placed in 

a Janette sand fractionator for 15 minutes and passed through screens 

of 1.0 mm, 0.5 mm, 0.25 mm, 0.1 mm, and 0.05 mm. Retained on each 

screen were very coarse, coarse, medium, fine, and very fine sands, 

respectively. Each fraction was weighed and then the ratio between 

fine and yery fine sand determined. 

Coarse Clay - Fine Clay Separation 

Coarse Clay - fine clay separation was made as outlined by Jackson 

(1956). Approximately 100 ml of clay suspension obtained by the clay 

separation procedure was divided and placed into two 100-ml centrifuge 

tubes and brought to a predetermined depth of suspension with deionized 

water. The suspensions were centrifuged at 2400 rpm for 31 minutes 

to facilitate separation at the <.0.2ym size. The fine clays were de

canted and the procedure repeated until the suspension was clear. The 

coarse clays were washed from the tubes and the ratio of fine clay to 

total clay determined by drying aliquots of the samples. 

Extractable Cations 

Extractable cations were determined on all samples by the ammonium 

acetate (NH.OAc) extract procedure outlined in the USDA Handbook No. 60 

(U.S. Salinity Laboratory Staff, 1954). Ca and Mg were determined on a 
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Perkins-Elmer 290B atomic adsorption spectrophotometer. K and Na were 

determined with a Coleman, Model 21, flame photometer. 

Cation Exchange Capacity 

Cation exchange capacity (CEC) was determined for both the whole 

soil and clay fraction for all samples as outlined in USDA Handbook 

No. 60 (U.S. Salinity Laboratory Staff, 1954). Displaced Na from the 

exchange sites was analyzed by flame emission on a Coleman, Model 21, 

flame photometer. CEC's were calculated from a standard curve and 

reported as meq/100 g. 

Electrical Conductivity 

Electrical conductivity (EC) was determined from the saturated 

paste used in the pH measurement. The sample solutions were extracted 

using a vacuum apparatus. EC was measured using a Soil Test Solu-

Bridge as outlined in USDA Handbook No. 60 (U.S. Salinity Laboratory 

Staff, 1954). 

Soil Reaction 

Reaction (pH) for all samples was determined from a saturated 

paste on a Beckman Expandomatic pH meter. The paste was prepared as 

outlined in the USDA Handbook No. 60 (U.S. Salinity Laboratory Staff, 

1954). Approximately 250 g of soil was saturated and allowed to 

equilibrate overnight prior to the pH determination. 

Organic Carbon 

Organic carbon percentage was determined on each of the samples 

by a modified version of the Walkley-Black method. Approximately 0.5 g 
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of soil wereadded to 10.0 ml of 0.40 N chromic acid (H2Cr207) and heated 

to facilitate reaction. The solution was then back titrated with -0.2 N 

ferrous ammonium sulfate [Fe(NH4S04)2.6H20] to the endpoint as indicated 

by orthophenanthroline. A blank sample was run to determine precisely 

the normality of the ferrous ammonium sulfate. 

Calcium Carbonate Equivalence 

Calcium carbonate (CaCO-j) equivalence was determined by the acid-

neutralization procedure as outlined by the USDA Handbook No. 60 (U.S. 

Salinity Laboratory Staff, 1954). 

Water Retention 

Water retention was determined on a pressure membrane apparatus 

at 1/3 bar (33 kpa) and 15 bars (1500 kpa) for all samples. The pro

cedure used was that described in the USDA Handbook No. 60 (U.S. 

Salinity Laboratory Staff, 1954). Water saturation percentage was 

determined on a portion of the saturated paste from the pH and EC 

determinations. 

Bulk Density 

Bulk density was determined by the paraffin clod method as described 

by Blake (1965). The only modification was the use of thread to suspend 

the clod rather than a wire basket to hold it. Clods of approximately 

golf ball size were weighed, paraffin coated and reweighed in air, and 

then weighed when submerged in water to obtain weight and volume 

readings. 
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Heavy Mineral Separation 
and Identification 

Heavy minerals were separated from the fine and wery fine sand sub-

fractions for all samples. Approximately 2 g of sand were placed into 

each of two 15-ml pointed centrifuge tubes containing 5 ml of 1,1,2,2 

tetrabromoethane (a = 2.96 g/cm ). The tubes were first hand shaken and 

centrifuged for 2 minutes. The tubes were then agitated gently by hand 

to allow trapped heavy minerals to sink to the bottom and centrifuged a 

second time for 3 minutes. The heavy minerals were then frozen to the 

bottom of the tube with dry ice and the light minerals poured off and 

rinsed from the tube with acetone. The frozen tetrabromothane and heavy 

minerals were thawed and poured from the tube onto filter paper and 

rinsed with acetone until free of tetrabromoethane. Heavy mineral per

centages were calculated from the weight of sand used and heavy mineral 

yield. The heavy minerals were further separated into magnetic and non

magnetic fractions with the use of a hand magnet. Zircon and tourmaline 

were identified and counted with a Leitz petrographic microscope. The 

zircon/tourmaline ratio was calculated and interpreted to detect pos

sible differences in origin or lithology of the sediments in which the 

soil was formed. 

Sand and Silt Mineral Identification 

Sand and silt minerals were identified by X-ray diffraction and 

percentages of major minerals calculated for each sample. Powder 

samples were made for both fractions and X-rayed from 5° to 45^ 29. 
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X-ray Identification of Clays 

X-ray diffraction techniques were used to identify soil clays of 

all samples. The clays were separated into coarse and fine fractions 

by centrifugation. Twenty mg of clay were transferred to a 15-ml 

pointed centrifuge tube and 5 ml of 0.3 N CaCU were added to ensure Ca 

saturation. The sample was centrifuged and the supernatant liquid de

canted. This procedure was repeated 3 times. The sample was then washed 

with 5 ml of 1% glycerol solution and centrifuged. This procedure was 

repeated until dispersion occurred. A final addition of 1% glycerol was 

made and the suspension stirred and pipetted onto a glass slide. The 

slide was dried and placed in a 60°C oven to remove excess glycerol. 

A similar procedure was used for K saturation except 0.3 N KCl, 

instead of CaCl^j and deionized water, instead of glycerol solution, 

were used. After drying, the slides were placed in a 250°C oven for 

4 hours and then X-rayed. The same slide was then placed in a 550°C 

oven for 4 hours and X-rayed again. These same procedures were used for 

both clay fractions. 

Clays were X-rayed from 2° to 32° 20 at a chart speed of 2°/minute. 

A General Electric SPG-5 diffractometer was used for X-raying. The 

settings for scale factor and time constant were determined prior to 

X-raying, and remained constant for all samples. 

Translocation Column 

A column for clay translocation was constructed in an attempt to 

artificially translocate clays. The column consisted of a 17.8 x 66-cm 
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Plexiglas pipe mounted on a supporting frame (Fig. 2). Gauze over ex

panded metal served as the bottom of the column and was glued and bolted 

in place with a funnel below to catch and remove leaching water. A 

16-cm thick block of argillic material from the B21t horizon at the 

cultivated site was trimmed and fitted snugly into the bottom of the 

column to serve as a restrictive layer to halt translocating clays. 

Soil from the Apl and Ap2 horizons was placed in the column at their 

respective thicknesses to approximate field conditions. The column was 

placed in the greenhouse and Kleingrass (Panicum coloratum L.) planted 

to aid in drying the soil. 

The translocation column was placed in the greenhouse in June, 

1981. Initially, 18 cm of water were added to wet and settle the soil. 

Enough water was added weekly to allow some water to pass completely 

through the column. Throughout the study, attempts were made to simu

late field conditions as closely as possible. 

In the early stages, 2.5 cm of water were added weekly as the soil 

dried due to evapotranspiration. However, by mid-July, water usage by 

the Kleigrass was great enough to allow 5.1 cm of water to be added 

weekly. The Kleingrass began showing signs of nutrient stress at this 

time, so 2.38 g of ammonium nitrate (NH^NO^) fertilizer, representing 

300 N Kg/ha,were added in solution to the column. The deficiency prob

lem subsequently disappeared. Water usage, by mid-September, was great 

enough to allow 7.6 cm of water to be added weekly. The last water 

addition was made in October, and the grass was allowed to grow until 

it senesced in late November. During the course of the five-month 

translocation effort, 120 cm of water were added to the column. 
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Figure 2. Clay translocation col umn 
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At the end of the study, soil samples were removed from the column 

and possible translocation determined by particle size distribution and 

soil fabric analysis. 

Soil Fabric Analysis 

Standard thin sections of soil peds from all samples were prepared 

commercially. A Leitz petrographic microscope was used to examine soil 

micromorphology and fabric to detect possible clay illuvation. A point 

counting technique was used to assess the percentages of mineral grains, 

voids, matrix material, and clay cutans. Descriptions of soil fabric 

were made in accordance with the terminology discussed by Brewer (1964). 

Both horizontal and vertical thin sections were prepared for selected 

samples of both soils and the translocation column. 



CHAPTER IV 

DISCUSSION OF RESULTS 

Field Studies 

Paired pedons, one in native range (Figs. 3 and 4) and one in a 

cultivated field (Figs. 5 and 6) with similar profile morphologies, 

were selected for study. The native range soil was used as a standard 

to which the cultivated soil was compared. By this means, possible 

soil changes resulting from deep plowing and cultivation could be 

ascertained and quantified. 

Profiles were described with horizon symbols in use at the time of 

sampling (March, 1981). Use of a revised set of symbols was initiated 

by government agencies in May, 1981 (U.S.D.A. Directive 430-V-SSM, 

issued May 1981). These symbols are given in parenthesis below the 

original symbols. 

Patricia--Native Range 

Location: Noble Ranch: 10.5 miles west of Brownfield on U.S. 82, 

thence 5.2 miles south on FM 402, thence 3.5 miles west on dirt road, 

thence 1 mile south on dirt road, thence 0.4 miles west on field road, 

thence 155 yards south into pasture. 

Site Characteristics: The soil is on an upland position with <1% slope 

and a southeasterly aspect. Native vegetation includes Yucca spp, sand 

sage (Artemesia filifolia), sand dropseed (Sporobulus cryptandrus) three-

awns (Aristida spp), and Pannicum spp. Moderate wind deposition has 

occurred at the site. 

Parent Materials: Eolian deposits ("cover sands"). 
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Figure 3. Landscape of the native range soil 
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Figure 4. Profile of the native range soil 
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Figure 5. Landscape of the cultivated soil 
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Figure 6. Profile of the cultivated soil 
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Soil Profile: 

Horizon 

C 
(C) 

All 
(Al) 

A12 
(A2) 

Bl 
(BA) 

B21t 
(Btl) 

B22t 
(Bt2) 

B3t 
(BC) 

Depth 
(cm) 

+10-0 

0-11 

11-28 

28-39 

39-62 

62-98 

98-13 

Description 
(moist colors) 

Strong brown (7.5YR 4/6) fine sand; weak granular; 
very friable; noncalcareous; abrupt wavy boundary. 

Dark brown (4.5YR 3/4) fine sand; weak subangular 
blocky; very friable; noncalcareous; clear smooth 
boundary. 

Brown (7.5YR 4/4) fine sand; weak subangular 
blocky to single grain; wery friable; noncalcar
eous; clear wavy boundary. 

Yellowish red (5YR 4/6) fine sand; weak subangular 
blocky to single grain; yery friable, noncalcar
eous; abrupt smooth boundary. 

Dark red (2.5YR 3/6) sandy clay loam; moderate 
prismatic breaking into moderate subangular blocky; 
firm; noncalcareous; thick continuous clay films 
on ped surfaces; gradual wavy boundary. 

Dark red (2.SYR 3/6) sandy clay loam; moderate 
prismatic breaking into moderate subangular blocky; 
friable; noncalcareous; thin continuous clay films 
on ped surfaces; gradual wavy boundary. 

Dark red (2.SYR 3/6) sandy clay loam; weak prismatic 
breaking into weak subangular blocky; friable; non
calcareous; thin continuous clay films on ped 
surfaces. 

Remarks: The C horizon on the surface resulting from erosion of a culti
vated field 180 m to the west of the site and subsequent deposition, was 
not sampled. A few coarse shinnery oak roots occur throughout the pro
file and common fine roots are present above the B21t horizon. Many fine 
roots are on prism faces in the B21t horizon, but only few are within the 
peds. Few fine roots occur below the B21t horizon. Auger samples were 
collected for characterization from 170 to 180 cm. 

Patricia--Cultivated 

Location: Brownfield Farm: 10.5 miles west of Brownfield on U.S. 82, 

thence 5.2 miles south on FM 402, thence 5.3 miles west on dirt road, 

thence 0.4 miles south on turn row into field, thence 200 yards east 

into cultivated field. 
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Site Characteristics: Soil is on an upland position with <1% slope 

with a southeasterly aspect. This soil was brought into cultivation 3 

years previously by clearing of sand shinnery and deep plowing. Center 

pivot irrigated cotton has been grown since the area has been farmed. 

Parent Materials: Eolian deposits ("cover sands"). 

Soil Profile: 

Horizon Depth Description 
(cm) (moist colors) 

Apl 0-20 Yellowish red (SYR 4/6) fine sandy loam, weak 
(Apl) subangular blocky to massive; very friable; non

calcareous; abrupt wavy boundary. 

Ap2 20-35 Dark brown (7.5YR 3/4) and dark reddish brown 
(Ap2) (2.SYR 3/4) fine sandy loam (composite); massive 

within fragments of B21t material, wery friable 
matrix, friable B21t fragments; noncalcareous, 
abrupt wavy boundary. 

B21t 35-56 Dark red (2.SYR 3/6) sandy clay loam; moderate 
(Btl) prismatic breaking into moderate subangular blocky; 

friable; thin patchy clay films on prism faces; 
noncalcareous gradual smooth boundary. 

B22t 56-105 Dark red (2.SYR 3/6) sandy clay loam; moderate 
(Bt2) prismatic breaking into moderate subangular blocky; 

friable; thick continuous clay films on prism 
faces; noncalcareous; gradual smooth boundary. 

B23t 105-134 Dark red (2.SYR 3/6) sandy clay loam; moderate 
(Bt3) prismatic breaking into moderate subangular blocky; 

friable; thin patchy clay films on prism faces; 
noncalcareous; gradual smooth boundary. 

B3t 134-150+ Red (2.5YR 4/8) loamy fine sand; weak prismatic 
(BC) breaking into weak subangular blocky; yery friable; 

wery thin discontinuous clay films on prism faces; 
noncalcareous. 

Remarks: The Ap2 horizons are a mixture of fragments from the original 
Al and B21t horizons. Shinnery oak roots occur throughout the profile. 
Few fine roots are in the Ap horizons and common to many coarse to fine 
roots are in the Bt horizons. Auger samples for characterization were 
taken from 197 to 217 cm and from 276 to 284 cm. 
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The range soil was described as having a 10-cm thick C horizon on 

the surface. Because of such recent origin, the horizon was not sampled 

for physical and chemical characteristics. Depth measurements were 

adjusted downward to the top of the All horizon to make comparisons be

tween the two pedons at specific depths more accurately reflect differ

ences in soil development and the effects of deep plowing. Fine sand 

textures, occurring from the surface through the Bl horizon, were 

weakly structured or single grain because of the lack of clay needed 

for structural development. The Bl horizon appeared to have been part 

of the argillic horizon at one time, but clay stripping evidently has 

resulted in translocation of clay deeper into the soil. 

Sandy clay loam textures occurred throughout the argillic horizon 

of the range soil. Thick, continuous clay films were described in all 

Bt horizons and showed maximum development in the B22t horizon. How

ever, clay films were not apparent within peds. The red and dark red 

(2.SYR) colors of the argillic horizon are characteristic of the 

Patricia soil, and indicate the presence of considerable iron oxides. 

None of the horizons described contained calcium carbonate (CaC02)> but 

the auger sample taken from 170 to 180 cm was slightly calcareous. 

The cultivated soil had fine sandy loam Ap horizons as a result of 

deep plowing. The Apl horizon appeared well mixed as many of the frag

ments of argillic material had been partially broken down by cultivation. 

The Ap2 horizon appeared undisturbed since it was first deep plowed and 

consisted of many argillic horizon fragments scattered in a darker, less 

red, sandy matrix of All horizon soil material. Soil structure in the 

Ap horizons was generally weak to massive. 
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The argillic horizon of the cultivated soil was similar in color 

and texture to that of the range soil. However, a dramatic decrease in 

clay content was observed in the B3t horizon which had a loamy fine 

sand texture. The loamy fine sand continued to a depth of 165 cm. 

Auger samples taken below this depth indicate the presence of a buried 

argillic horizon of sandy clay loam. CaCO^ was not observed to occur 

in any horizon nor any of the auger samples to a depth of 284 cm. 

Laboratory Analyses 

Particle Size Distribution 

Particle size distribution analyses (Table 1) yielded results 

similar to those estimates made in the field during sampling. Two 

methods of hydrometer analysis were employed to determine sand, silt, 

and clay percentages for all samples from both pedons. A modified ver

sion of the Bonuyoucos (1951) procedure was used in which a 6-hour 

reading is used to determine the clay percentage rather than the cus

tomary 2-hour reading. This procedure is used by the Soil Conservation 

Service (SCS) in Texas. The second procedure discussed by Gee and 

Bauder (1979) makes use of a modified Day procedure to determine sand 

and clay percentages. In this procedure, the average of the weighted 

30-second and 60-second readings is used to determine the sand percent

age, and the average of the weighted 1.5-hour and 24-hour readings is 

used to determine the clay percentage. An additional factor was incor

porated into the equation because the dispersion method used resulted 

in increasing the density of the suspension. A "blank" sample containing 
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the same amount of dispersant used in dispersing the soil sample was 

used to determine the increase in density. (The density increase is 

< 0.1%.) The resultant equations to determine the particle size dis

tribution were as follow: 

(P3Q-B) X 0.876 + (PgQ-B) 

1) % Sand = 100- 2 x 100 
soil wt. 

(P^ 5-B)x 0.876 + (P24-B) 

2) % Clay = 2 x 100 
soil wt. 

where P^Q = 30-second reading; Pg^ = 60-second reading; P-i 5 = 1.5-hour 

reading; Pp^ = 24-hour reading; and B = reading of the blank. Earlier 

work at Texas Tech has shown this procedure to more closely approximate 

the sand and clay percentages obtained by sand sieving and pi pet analy

sis for soils of a variety of textures. 

Pronounced differences in surface horizon textures were observed 

between the two pedons as a result of deep plowing. Soil textures are 

fine sands to a depth of 39 cm in the All, A12, and Bl horizons of the 

range soil. Deep plowing in the cultivated soil increased the clay 

percentage in the Ap horizons enough that fine sandy loam textures 

resulted. Assuming that the cultivated soil originally had sand sur

face textures similar to the native range soil, deep plowing must have 

incorporated the upper 10 to 12 cm of the argillic horizon into the Ap 

horizons. As a result, the Apl and Ap2 horizons contain 13.1% and 12.5% 

clay, respectively. This amount of clay would be sufficient to reduce 
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wind erosion to an acceptable level as it exceeds the necessary 8% 

minimum suggested by Cunningham (1956) and Harper and Brensing (1950). 

Because of the random mixing of argillic horizon material which occurs 

with deep plowing, it was impossible to determine by particle size 

analysis whether clay translocation has occurred in this soil since it 

has been cultivated. 

Both pedons exhibit wery pronounced argillic horizon development, 

but differ greatly in the degree and depth of clay illuviation (Fig. 7). 

The clay percentage in the range soil ranged from a maximum of 28.7% 

in the B22t horizon to a minimum of 22.2% in the B3t horizon. The B22t 

horizon of the cultivated soil had 33.1% clay, but decreased to 9.1% 

clay at 134 cm. Both pedons were considered to be of the Patricia 

series, which is classified as a fine-loamy, mixed, thermic Aridic 

Paleustalf. The range soil meets the requirements of a Paleustalf as 

the clay percentage did not decrease by >20% of its maximum within 

1.5 m of the soil surface (Soil Survey Staff, 1975). However, the 

deep plowed soil does not meet the requirements for a Paleustalf. The 

clay percentage decreased by 72.5% from its maximum at <1.5 m. This 

pedon would now be classified as a fine-loamy, mixed, thermic Aridic 

Haplustalf. 

Silt percentages were low throughout the profile of the cultivated 

soil and varied by only 3 to 4% (Table 1). Auger samples taken at both 

sites had similar clay percentages to the argillic horizons above, 

but silt percentages were much higher. 
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A comparison of the two particle size analysis procedures showed 

that sand percentages can be more accurately determined with the modi

fied Day procedure than the Bouyoucos procedure as used by the SCS. 

Sand percentages determined by the modified Day procedure differed from 

the sand-sieved percentages from 0.1% to 3.8% with an average difference 

of 1.1%. Sand percentages determined by the Bouyoucos procedure varied 

2.2% to 8.6% from the sand-sieved results with an average difference of 

4.1%. Clay percentages determined by the two procedures varied from a 

minimum of 1.0% to a maximum of 3.9%. In all cases, the modified Day 

procedure gave lower clay percentages than the Bouyoucous procedure. 

.Textural classes resulting from the two procedures were the same with 

the exception of the B22t horizon of the cultivated soil. The modified 

Day procedure indicated a sandy clay loam, and the Bouyoucos procedure 

indicated a sandy clay. 

Sand Fractionation 

Results of the sand fractionation analysis indicate the two soils 

have developed in relatively homogenous sediments (Table 2). Variation 

in the relative percentages of each sand size fraction is probably due 

to local conditions of deposition and subsequent reworking by wind. 

Possible lithologic discontinuities were indicated by the fine sand/very 

fine sand ratios at the B3t horizon of the range soil and the 197- to 

217-cm depth of the cultivated soil (Fig. 8a). 

A regression analysis was run to determine whether a clay accumula

tion corresponded with decreasing sand size as determined by the fine 

sand/very fine sand ratio. The results indicated very little correlation 
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TABLE 2.--Results of the sand fractionation analyses 
' ' ' ^ ~ ^ ~ — ' 1 1 1 — 

Mery Fine/ 
Horizon Depth Coarse Medium Fine Fine \ltry Fine 

cm % 

Native range soil 

All 0-11 0.8 13.4 65.0 20.8 3.13 

A12 11-28 0.8 12.6 66.9 19.7 3.40 

Bl 28-39 0.9 14.7 65.9 18.5 3.56 

B21t 39-62 0.9 14.9 65.5 18.6 3.52 

B22t 62T98 0.9 13.0 62.5 23.6 2.65 

B3t 98-138+ 0.6 9.9 58.9 30.6 1.93 

170-180 0.6 12.0 59.8 27.5 2.18 

Cultivated soil 

Apl 

Ap2 

B21t 

B22t 

B23t 

B3t 

0-20 

20-35 

35-56 

56-105 

105-134 

134-150+ 

2.8 17.7 

3.3 20.8 

2.6 16.6 

2.8 14.9 

2.9 16.6 

3.2 18.3 

197-217 0.8 6.4 

276-284 1.4 11.8 

58.2 

57.4 

58.8 

59.5 

60.3 

61.8 

39.3 

52.4 

21.3 

18.5 

20.0 

22.8 

20.2 

16.7 

53.5 

34.4 

2.73 

3.10 

2.94 

2.61 

2.99 

3.70 

0.73 

1.52 

file:///ltry
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0.8 0.9 1.0 
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Figure 8. Fine sand/very fine sand ratio (a), and the fine clay/ 
total clay ratio 
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between the percent clay and the sand size ratio in either the range 

soil (r = 0.33) or the cultivated soil (r^ = 0.20). These results 

indicate the argillic horizons have not formed as a result of the sieve-

action principal as discussed by Jenny and Smith (1935). 

Coarse Clay/Fine Clay Ratio 

The fine clay/total clay ratios (Table 1) increased with depth in 

both soils to >130 cm. The increase was from 0.77 in the All horizon 

to 0.99 in the B22t horizon of the range soil, and from 0.84 in the Ap2 

horizon to 0.96 in the B23t horizon of the cultivated soil. Below 

130 cm, both soils showed a decrease in the fine clay/total clay ratio 

(Fig. 8b). These results are similar to those of Bilzi and Ciolkosz 

(1977) and Nettleton et al. (1975) in their investigations of argillic 

horizon formation by clay illuviation. It was therefore concluded that 

the argillic horizons of the range and cultivated soils have formed 

principally through illuvial processes and not in situ clay formation. 

Extractable Cations 

Ammonium acetate-extractable cations expressed in meq/lOOg soil 

are reported in Table 3. Variability in the cation exchange suite at 

corresponding depths between the two pedons was slight. Base saturation 

(Table 3) was lower in the cultivated soil than the range soil. The 

lower base saturation was possibly due to the addition of fertilizer. 

Whole soil cation exchange capacity (CEC) was closely related to clay 

and organic carbon content. 

As in most High Plains soils, Ca was the dominant extractable 

cation (Table 3) of all samples. Ca tended to increase as a function 
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of depth and clay content in both pedons. The high extractable Ca 

content recorded at the 170- to 180-cm depth in the range soil was due 

to the presence of free CaCO^. The calcium saturation percentage 

(Table 3) averaged 8.7% higher in the range soil than the cultivated 

soil. 

Extractable Mg increased with depth in the range soil from 0.5 

to 5.0 meq/lOOg soil (Table 3). The cultivated soil had a more uniform 

distribution of Mg showing slightly higher amounts in the surface, but 

lower amounts with depth, than the range soil. Magnesium saturation 

was lowest in the upper argillic horizons of both soils and highest in 

the B3t horizons (Table 3). 

Extractable K in both pedons was moderate and in line with that 

generally reported for sandy soils of the High Plains. Evidence of K 

recycling by plants is apparent as the K saturation percentage (Table 3) 

was highest in the surface horizons of both soils and decreased with 

depth to >130 cm. Mixing of the upper 35 cm of the cultivated soil by 

deep plowing has resulted in a more even distribution of K to this depth 

Extractable Na was very low in both soils (Table 3). Horizons 

above the argillic had only 0.1 meq/lOOg soil exchangeable Na. Slight 

increases were observed in the argillic horizons. Na saturation per

centages (Table 3) were slightly lower in the cultivated soil, ranging 

from 0.6% to 1.3%, than in the range soil where 0.9% to 3.3% exchange

able Na was recorded. 
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Electrical Conductivity 

Electrical conductivity (EC) reflects the concentration of salts 

more soluble than gypsum in the soil. Both soils had wery low EC 

values as expected. The EC was < 1 mmho/cm for all horizons (Table 4). 

The low salt concentration in both soils would have little or no effect 

upon clay movement. 

Electrical conductivity was generally higher in the cultivated soil 

than the range soil, and slightly different trends with depth were 

apparent. EC values increased with depth from 0.30 mmhos/cm in the All 

horizon of the native range soil to 0.61 mmhos/cm at the 170- to 180-cm 

depth. In the cultivated soil, EC values were again lowest in the sur

face (Apl horizon) at 0.37 mmhos/cm, but increased to a maximum of 0.95 

mmhos/cm in the B23t horizon and then decreased below. The difference 

in these trends may be due to fertilizer and irrigation water applica

tion. Fertilizer salts may increase the EC, and the additional water 

percolating through the soil would tend to concentrate salts at the 

depth to which the wetting front reached. Moreover, there is some evi

dence that salts tend to concentrate at the Ap-B2t interface in sandy 

soils which have been irrigated for several years (Bryant, 1977). 

Soil Reaction 

Soil reaction (pH) generally increased with depth in both pedons 

(Table 4). However, pH was slightly higher in the range soil than the 

cultivated soil. Soil pH is indicative of the nature of the cation 

exchange suite and the kind of salts present. Higher base saturation 

percentages generally result in higher pH values. The base saturation 
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TABLE 4.--Selected chemical properties 

^^^°3 Total Clay 

Horizon Depth E.C. pH O.C. Equivalent CEC 

cm mmhos/cm % meq/lOOg 

Native range soil 

All 0-11 0.30 7.11 0.3 0.2 50.7 

A12 n-28 0.45 7.40 0.1 0.1 57.9 

Bl 28-39 0.55 7.70 0.1 0.2 58.7 

B21t 39-62 0.50 7.30 0.3 0.9 62.0 

B22t 62-98 0.50 7.37 0.3 1.1 62.1 

B3t 98-138+ 0.57 7.54 — 0.8 67.3 

170-180 0.61 8.18 —- 2.1 69.1 

Cultivated soil 

Apl 

Ap2 

B21t 

B22t 

B23t 

B3t 

0-20 

20-35 

35-56 

56-105 

105-134 

134-150+ 

0.37 6.70 0.3 0.4 63.7 

0.40 6.67 0.3 0.3 63.5 

0.49 6.88 0.3 0.6 64.0 

0.50 6.71 0.3 0.9 65.3 

0.95 6.91 0.2 0.8 58.4 

0.57 7.32 — 0.3 57.6 

197-217 0.45 7.38 — 1.0 61.3 

276-284 0.55 7.79 — 1.0 65.7 
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percentage reported earlier (Table 3) was higher in the range soil than 

the cultivated soil. 

Soil pH ranged from 7.11 in the surface of the range soil to 8.18 

at the 170- to 180-cm depth. The value of 8.18 reflects the presence 

of free calcium carbonate (CaCO^). This sample was the only one in 

either pedon that effervesced when treated with 10% HCl. 

Slightly acidic values, ranging from 6.67 in the Ap2 horizon to 

6.91 in the B23t horizon, were recorded for the cultivated soil to a 

depth of 134 cm. Below 134 cm, the pH was slightly alkaline and compar

able to the pH at corresponding depths in the range soil. The lower 

values in the cultivated soil may be due to the addition of fertilizers 

which have neutral to slightly acidic reactions, or they may simply re

flect the natural variability of the soils in the area. However, it 

should be remembered that pH changes near neutrality represent only 

minor variation in the H activity because of the logrithimic nature 

of the pH scale. 

The pH values found in these soils would have little effect upon 

clay movement. Hallsworth (1963) found that the migration of kaolinite 

would be increased slightly at values occurring in these two pedons. 

Organic Carbon 

Organic carbon (OC) was low iin both pedons as is typical in West 

Texas sandy soils (Table 4). The range soil showed decreased values 

with depth to the B21t horizon. The percentage then increased in the 

B21t horizon to 0.3%, the level found in the All horizon. The increased 
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OC indiates that humus has been translocated from the above horizons 

into the upper argillic horizon. 

The cultivated soil showed consistent OC content with depth from 

the Apl horizon through the B22t horizon and decreased thereafter. 

Mixing of the eluviated horizons and the upper argillic horizon is 

responsible for the consistent trend. Although OC is usually lower in 

cultivated soils than corresponding range soils (Bryant, 1977). the 

lack of measurable difference in the two soils is probably due to the 

limited number of years the cultivated soil has been used for crop 

production. Jenny and Smith (1935) state that colloidal humus protects 

clays from flocculation by increasing the stability of the suspension 

in the presence of flocculating salts. Because of the low OC percentage 

in these soils, it is unlikely that its presence has much effect upon 

keeping clays in suspension. 

Calcium Carbonate Equivalence 

Calcium carbonate (CaCO-) equivalence (Table 4) was low in both 

pedons at depths above 150 cm, but increased with depth in both soils. 

The lack of calcareous horizons in either pedon indicates that any 

atmospheric additions of CaCO^ are leached to depths greater than those 

sampled except the 170- to 180-cm depth in the range soil. The sample 

from that depth was slightly calcareous and had 2.1% CaCO-^. 

Clay movement would not be reduced by flocculation due to CaCO^ in 

either of the two soils studied. CaCO^ which was originally in the 

parent sediments, or which has been added as calcareous dust, has been 

leached below the depths sampled except as previously noted. The 
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presence of well-developed argillic horizons in both pedons indicates 

that clay illuviation has not been restricted by CaCO^. 

Water Retention 

Water retention (Table 5) was very low in the upper horizons of 

the range soil because of the sand textures. However, as clay percent

age increased, water retention also increased. Bryant (1977) showed 

water retention to be highly correlated with clay content in Texas High 

Plains soils. Deep plowing resulted in a 3-fold increase in plant 

available water in the upper 35 cm of the cultivated soil, in comparison 

to the range soil, but the available water is still relatively low. 

Water retention is of particular importance in clay translocation 

in soils of dry regions. Since clays must be carried in suspension by 

percolating water, horizons which retain large quantities of water 

would restrict clay translocation. The low water retention of the sur

face horizons above the argillic would allow the limited rainfall of 

this area to be more effective in translocating soil clays. 

Bulk Density 

Bulk densities (Table 5) showed considerable variation from horizon 

to horizon in both soils. The Ap horizons of the cultivated soil had 

quite high bulk densities at >1.8 g/cm as compared to the All, A12, 

and Bl horizons of the range soil. The higher bulk densities have 

resulted from cultivation which destroys natural soil structure. The 

bulk density of the Bl horizon of the range soil was much lower than 

expected since it consists of >90% sand and has weak structure. The Bl 
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TABLE 5.--Water retention and bulk density 

Horizon 

A l l 

A12 

Bl 

B21t 

B22t 

B3t 

_ — 

Apl 

Ap2 

B21t 

B22t 

B23t 

B3t 

— 

— 

Depth 

cm 

0-11 

11-28 

28-39 

39-62 

62-98 

98-138+ 

170-180 

0-20 

20-35 

35-56 

56-105 

105-134 

134-150+ 

197-217 

276-284 

Saturation 

Nati 

17.7 

16.9 

15.5 

26.7 

31.2 

27.4 

29.0 

Water Retention 

1/3 Bar 15 Bars 

0/ 

ve range soi 

2.8 

2.5 

3.4 

17.5 

20.2 

17.2 

19.8 

Cult ivated so i l 

15.0 

22.9 

24.8 

30.7 

28.1 

18.2 

27.8 

29.6 

8.2 

7.8 

13.2 

20.7 

17.0 

7.2 

19.5 

17.1 

1 

1.8 

1.5 

2.2 

10.3 

11.6 

9.2 

12.6 

4.5 

4.8 

8.1 

12.7 

10.2 

3.7 

10.7 

8.6 

Ava i l 
able 

1.0 

1.0 

1.2 

7.2 

8.6 

11.0 

7.2 

3.7 

3.0 

5.1 

8.0 

7.8 

3.5 

8.8 

8.5 

Bulk 
Density 

g/cm 

1.69 

1.52 

1.40 

1.73 

1.78 

1.79 

1.83 

1.83 

1.80 

1.74 

1.82 

1.83 

1.56 

1.59 

1.72 
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horizon is believed to have once been the upper part of the argillic 

horizon, but stripping of clays by illuviation has reduced the clay 

percentage to such an extent that the texture is now a fine sand. 

Apparently enough clay has been removed to give the low bulk density, 

yet enough remains behind to keep the skeletal framework intact. 

Bulk densities in the argillic horizons were similar for both 

soils and tended to increase with depth. However, an unexplained low 
3 

bulk density of 1.56 g/cm was observed in the B3t horizon of the 

cultivated soil. 

Bulk density affects the movement of water through the soil and, 

consequently, the movement of solutes and suspended clays. Water must 

move through the available pores in the soil. Therefore, it is ex

pected that high bulk densities would adversely affect clay movement. 

Soil Mineralogy 

Heavy Minerals 

Heavy mineral analyses were conducted primarily to aid in the 

recognition of possible lithologic discontinuities in the soils. The 

tourmaline/zircon ratios were quite similar from horizon to horizon 

within each soil and between the two soils (Table 6). The percentage 

of heavy minerals obtained from the wery fine sand fraction (Table 6) 

of the range soil were highly variable and ranged from 0.20% in the All 

horizon to 1.10% in the Bl horizon. The cultivated soil yielded very 

consistent heavy mineral percentages to the auger depth, ranging from 

1.10% in the upper four horizons to 1.20% in the lower two horizons. 

The heavy mineral percentage in the two auger samples were much lower 
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TABLE 6.--Heavy mineral"^ analyses of the wery f ine sand 

Horizon 

A l l 

A12 

Bl 

B21t 

B22t 

B3t 

Apl 

Ap2 

B21t 

B22t 

B23t 

B3t 

— 

— 

t p > 2. 

Depth 

cm 

0-11 

11-28 

28-39 

39-62 

62-98 

98-138+ 

170-180 

0r20 

20-35 

35-56 

56-105 

105-134 

134-150+ 

197-217 

276-284 

.94 g/cm'^. 

Total 

0.20 

0.42 

1.10 

0.86 

1.00 

0.79 

0.65 

1.10 

1.10 

1.10 

1.10 

1.20 

1.20 

0.75 

0.58 

Magnetic 

o/_ 

Native range 

69 

61 

48 

56 

50 

59 

65 

Cult ivated 

38 

43 

51 

42 

40 

49 

53 

79 

Nonmagnetic 

so i l 

so i l 

31 

39 

52 

44 

50 

41 

35 

62 

57 

49 

58 

60 

51 

47 

21 

Tourmaline/ 
zircon 

0.32 

0.28 

0.33 

0.43 

0.36 

0.31 

0.26 

0.34 

0.29 

0.33 

0.40 

0.31 

0.21 

0.25 

0.24 
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than the horizons above and similar to the percentages of the B3t 

horizon and the 170- to 180-cm depth of the range soil. The percentage 

of magnetic and nonmagnetic heavy minerals (Table 6) were, again, quite 

variable and no trends could be established. 

The heavy mineral analysis alone does not indicate the presence of 

a lithologic discontinuity within the upper horizons of either soil. 

However, there may be justification for a lithologic discontinuity occur

ring at depth, as judged from the auger samples, in the cultivated soil. 

The lower heavy mineral yield coupled with the abrupt changes in the 

FS/VFS ratio (Table 2) indicates a possible lithologic discontinuity in 

both auger samples. 

Sand and Silt Mineralogy 

The sand and silt mineralogy varied little between the range and 

cultivated soils. Estimates of the percentages of the common minerals 

are found in Table 7, and the diffraction data of these minerals are in 

Table 8. X-ray diffractograms (Fig. 9) and grain counts of the fine 

sand fraction from the All and B21t horizons of the range soil, and 

the Ap2 and B21t horizons of the cultivated soil indicate approximately 

85 to 90% quartz and 10 to 15% feldspars. Estimates are based upon 

diffractograms of known mixtures of quartz and feldspar as determined 

by Seitlheko (1975). Grain counts were conducted because the diffracto

grams indicated a nearly siliceous mineralogy family. 

X-ray diffractograms of the silt fraction of both soils (Fig. 9) 

indicate lesser amounts of quartz and greater feldspar content. Quartz, 

plagioclase feldspar, K-feldspar, and minor amounts of a micaceous 
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TABLE 7.--Estimated fine sand and silt mineralogy 

Total Plagioclase 
Horizon Depth Quartz Feldspar"^ K-feldspar Feldspar Mica 

cm % '0 

Fine Sand Native range soil 

All 0-11 87 13 
B21t 39-62 86 14 

Cultivated soil 

Ap2 20-35 87 13 
B21t 35-56 90 10 

S i l t Native range soil 

All 0-11 65 15 15 5 
A12 11-28 65 15 15 5 
Bl 28-39 65 15 15 5 
B21t 39-62 65 15 15 5 

0-11 
11-28 
28-39 
39-62 
62-98 
98-134+ 
170-180 

65 
65 
65 
65 
65 
65 
65 

B22t 62-98 65 15 15 5 
B3t 98-134+ 65 15 15 5 

15 15 5 

Cultivated soil 

Apl 
Ap2 
B21t 
B22t 
B23t 
B3t 
——_ 

—— — 

0-20 
20-35 
35-56 
56-105 
105-134 
134-150+ 
197-217 
276-284 

65 
65 
65 
65 
65 
65 
55 
65 

15 15 5 
15 15 5 
15 15 5 
15 15 5 
15 15 5 
15 15 5 
20 20 5 
15 15 5 

"^"Total feldspar" includes both K-feldspar and plagioclase feldspar. 
I t was not possible to make separate estimates because of such low 
amounts present. 
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TABLE 8.--X-ray diffraction data for minerals in the sand, silt, and 
clay particle size fractions 

Mineral d-(A) (hkl) 

Illite 

K-Feldspar 

0.0 

5.0 

3.3 

002 

004 

006 

Smectite 18.0 001 

Kaolinite 7.1 001 

3.6 002 

Mica 10.0 002 

Quartz 
4.26 

3.34 

2.46 

2.28 

2.24 

2.13 

4.02 

3.78 

100 

101 

110 

102 

111 

200 

111 

130 

Plagioclase Feldspar 3.19 002 
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mineral were identified from the diffractograms and estimated at 65%, 

15%, 15%, and 5%, respectively. The diffractogram from the 197- to 

217-cm depth of the cultivated soil indicates a higher percentage, 

approximately 20% each, of both feldspars. 

The higher percentage of feldspars and much lower FS/VFS ratio 

(Table 2) at the 197- to 217-cm depth indicates the presence of a litho

logic discontinuity. However, the tourmaline/zircon ratio of the heavy 

mineral analysis does not indicate a difference in the mineralogy of 

the sediments. Likely, the parent materials of both soils are from the 

same source area, but differences may exist in the mineralogy of the 

silt and sand fractions as a function of particle size. It appears that 

feldspars tend to occur more abundantly in the wery fine sand to silt 

size fractions. If this is indeed the case, then the environment of 

deposition and local reworking of the sediments by wind could actually 

aggregate different mineral species as a function of size. 

Clay Mineralogy 

The mineralogy of the clay fraction of a soil dominates the chem

ical properties, and has a great influence upon physical properties. 

The identification of soil clays is imperative in understanding physico-

chemical properties, and is a great asset in determining stages and 

trends in soil genesis. Characteristic reflections of the clay-sized 

minerals identified by X-ray diffraction, along with their Miller 

indices, are in Table 8. Semiquantitative estimates of the relative 

percentage of each mineral (Tables 9 and 10) are based upon X-ray 
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TABLE 9.--Estimated mineralogy of the course clay (2.0-0.2]im) 

Horizon 

All 

A12 

Bl 

B21t 

B22t 

B3t 

Apl 

Ap2 

B21t 

B22t 

B23t 

B3t 

— 

— 

Depth 

cm 

0-11 

11-28 

28-39 

39-62 

62-98 

98-138+ 

170-180 

0-20 

20-35 

35-56 

56-105 

105-134 

134-150+ 

197-217 

276-284 

Quartz 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

Feldspar Smectite 

.»^v.oo o1:ix/ 

Native range soil 

X 

X 

X 

X 

X 

X 

X 

Cultivated 

X 

X 

X 

X 

X 

X 

X 

X 

X 

soil 

X 

XX 

XX 

Illite 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

XXX 

Kaolinite 

XXX 

XXX 

XXX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

XX 

t Relative Quantities: XXXX>40%, XXX 25-40%, XX 10-25%, X<10%. 
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TABLE 10.--Estimated^ mineralogy of the fine clay (<0.2 \im) 

Horizon 

All 

A12 

Bl 

B21t 

B22t 

B3t 

Apl 

Ap2 

B21t 

B22t 

B23t 

B3t 

_-_ 

— 

Depth 

cm 

0-11 

11-28 

28-39 

39-62 

62-98 

98-138+ 

170-180 

0-20 

20-35 

35-56 

56-105 

105-134 

134-150+ 

197-217 

276-284 

Smectite 

Native range 

XX 

XX 

XXX 

XXX 

XXX 

xxxx 

xxxx 

Cultivated 

XXXX 

XXXX 

XXXX 

XXXX 

XXX 

XXX 

XXX 

xxxx 

Illite 

soil 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

XXXX 

xxxx 

soil 

XXXX 

XXXX 

XXXX. 

xxxx 

xxxx 

xxxx 

xxxx 

XXX 

Kaolinite 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

t Relative Quantities: XXXX>40%, XXX 25-40%, XX 10-25%, X<10%, 
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diffraction data (Figs. 10, 11, 12, 13, and 14) and on total clay CEC 

values (Table 4). 

The clay mineralogy of the range soil was dominated by the 2:1 

phyllosilicates, illite and smectite, with kaolinite occurring in some

what lesser amounts. Quartz and feldspar were also present in the 

coarse clay (Table 9). Illite was judged to be the dominant clay in 

the coarse clay and its content remained relatively constant with depth. 

Kaolinite was second in abundance, but it was observed to decrease 

slightly with depth. The All, A12, and Bl horizon coarse clays were 

highest in kaolinite. More pronounced eluviation of the finer clays, 

mainly smectite and illite, from the upper horizons is probably respon

sible for the observed difference in the relative proportions of illite 

and kaolinite. Quartz and feldspar content remained constant with depth 

(Figs. 10 and 12). 

The fine clay of the range soil (Table 10) was dominated by illite 

in the upper part and smectite in the lower part (Figs. 11 and 12). 

Small amounts of kaolinite also occurred in the fine clay. The lack of 

definitive smectite peaks at 18.0 A with the calcium-glycerol treatment 

is believed to be due to random interstratification (mixed layering) of 

the smectite with illite. Carroll (1970) reports that interstratifica-

tion of two or three clays is wery common and X-ray diffraction analy

sis of the randomly interstratified clay does not give an integral 

series of d-spacings. Interstratified 2:1 clays have been commonly 

reported in High Plains soils (Allen et al., 1972). 
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The clay mineralogy of the cultivated soil, which was dominated by 

illite and smectite, was wery similar to that of the range soil. Illite 

was the dominant clay in the coarse clay (Table 9), but considerable 

kaolinite was also present (Figs. 12 and 13). Likewise, small amounts 

of quartz and feldspar were present. Kaolinite remained relatively 

constant with depth. The relative abundance of kaolinite was not as 

great in the surface of the cultivated soil as in the range soil due to 

mixing in the Ap horizons of higher proportions of illite and smectite 

from the argillic horizon. Smectite in the coarse clay was observed to 

be more abundant in the lower horizons and in the auger samples of the 

cultivated soil than the range soil. 

The fine clay of the cultivated soil consisted of approximately 

equal amounts of smectite and illite in the upper horizons with small 

amounts of kaolinite (Figs. 12 and 14; Table 10). However, smectite 

was observed to decrease slightly in the l;ower argillic horizon, but to 

again increase in the auger samples (Fig. 14). A similar increase in 

smectite was observed in the auger sample of the range soil fine clay. 
o 

Discrete smectite peaks at 18.0 A were only present on diffractograms 

of those samples taken with the auger. 

Several possible explanations exist for the apparent differences 

in clay mineralogy observed to occur with depth, and for the processes 

responsible for the random interstratification. Sawhney (1977) reports 

that interstratification of illite and smectite could be due to 1) the 

uptake of K into the interlayers of smectites, or 2) the release of K 

from the interlayers of micaceous clays (illite). Definite 
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mineralogical trends would be expected to occur with depth in both pro

cesses. In either case, smectite-illite interstratification would be 

greatest in the surface because of the greater weathering intensity, 

and would decrease with depth. Recycling by plants would keep abundant 

K in or near the soil surface. If smectite uptake of K led to the 

interstratifications, then it would be greatest in the surface, and 

smectite content would appear to increase with depth as interstratifi-

cation decreased, although no change in the relative proportions of 

illite and smectite species occurred. Both soils studied showed this 

trend of increased smectite with depth. Several authors have observed 

similar trends of dominantly smectitic clays at depth and increased 

interstratification with proximity to the surface (Nettleton et al., 

1973; Klages and Southard, 1968; Smith and Buol, 1968). The apparent 

decrease in smectite in the B22t and B23t horizons and the 197- to 

217-cm depth of the cultivated soil, as indicated by the lower CEC, 

could be due to fixation of K in the interlayers. K fixation would 

effectively lower the CEC by both occupying exchange sites, and block

ing exchange sites through collapse of the interlayer. However, dif

ferences in mineralogy due to deposition cannot be ruled out as a 

possible explanation for the apparent decrease in smectite. 

Translocation Column 

Several interesting occurrences were observed during the leaching 

of the column. Two weeks after the first water was passed through the 

column, several thin horizontal bands of darker material were observed 

just above the Apl-Ap2 horizon interface at 18 to 20 cm. These bands 
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could not be sampled without destroying the column, so their composi

tion remains unknown, but it is presumed they were organic. Within 6 

weeks, these darker bands disappeared, but new bands of a much redder 

material took their place. The redder bands occurred not only above 

the Apl-Ap2 horizon interface, but also above the Ap2-B2t horizon 

interface between 30 and 35 :cm. When .the :col;umn was disassembled and 

sectioned, these bands were found to be only surface features, 1 to 2 mm 

thick, at the Plexiglas-soil interface. However, some features created 

by the passage of water were present within the soil column. The outer 

fourth (4.5 cm) of the soil column was lighter in color and appeared to 

contain less clay than the interior. Apparently, the added water moved 

down the outside of the upper portion of the column at first, but then 

moved evenly through the column as the soil became wetted. The advance 

of the wetting front was rather slow, even around the column, and no 

piping was observed. 

Water passing through the column was somewhat turbid in the later 

part of the experiment. The suspended material appeared to be clay, 

but was not analyzed. The percolation rate slowed somewhat from the 

first few weeks to the last as the breakthrough time for the added water 

increased from 2 hours to 6 hours. 

The particle size distribution of the soil placed in the column and 

that which resulted after translocation are reported in Table 11. The 

results of the analyses indicated some clay translocation had taken 

place. The Apl horizon material placed into the column averaged 12.1% 

clay to the 20-cm depth. The analyses after the translocation 
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experiment indicated 11.1% clay to a depth of 5 cm, 12.0% clay from 11 

to 15 cm, and 11.6% clay along the interface from 17 to 22 cm. The Ap2 

horizon material (20 to 35 cm) placed into the column averaged 11.0% 

clay. After translocation, the 25- to 28-cm and the 28- to 32-cm incre

ments averaged 11.5% clay and 12.4% clay, respectively. The results 

indicate a slight redistribution of clay. The absolute difference is 

small, but the percentage redistributed is significant. 

TABLE 11.—Comparison of the particle size distribution of the soil 
before and after the greenhouse experiment 

Horizon Depth Sand Silt Clay Texture Class 
J. 

cm %— 

Before Translocation 

Apl 

Ap2 

Apl 

Apl 

Apl-Ap2 
Interface 

Ap2 

Ap2 

0-20 

20-35 

0-5 

11-15 

17-22 

25-28 

28-32 

83.3 

83.9 

Af ter 

84.0 

83.0 

84.1 

83.7 

83.2 

4.6 

5.1 

12.1 

11.0 

Translocation 

4.9 

5.0 

4.3 

4.8 

4.4 

11.1 

12.0 

11.6 

11.5 

12.4 

L.F.S. 

L.F.S. 

L.F.S. 

L.F.S. 

L.F.S. 

L.F.S. 

L.F.S. 

+ 
L.F.S. = Loamy fine sand. 
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Soil Fabric Analysis 

Soil micromorphological analyses involve the identification of the 

mineral constituents and fabric description. "Fabric" is the spatial 

arrangement of the constituents and voids in a soil thin section. If 

the properties and interactions of: the individual constituents are 

known, data collected by soil fabric analyses concerning distribution 

and organization patterns make predictions of soil behavior possible 

and aid in the interpretation of soil-forming processes which have 

occurred in the soil. Micromorphological studies permit the determina

tion of subtle features not apparent to the unaided eye. Variation 

with depth in the orientation, distribution, and size of the soil con

stituents often reflects differing degrees of soil formation. Micro

scopic studies of the extent and type of variation, such as plasma 

separations or concentrations, and mineral weathering, can indicate 

the soil forming processes that have played major roles in the develop

ment of a soil. Moreover, conditions under which a soil has developed 

sometimes is reflected in its micromorphology. 

The development of clay cutans (argillans) on grain surfaces and 

along channels and pores is a significant indicator of illuviation as a 

process in argillic horizon development. The thickness and degree of 

orientation of the argillans is usually indicative of the stage of 

development of the argillic horizon. Soils that have appreciable 

smectite may not exhibit well-developed argillans as shrink-swell forces 

disrupt, or may even destroy, illuvial argillans as they form. Further

more, more clayey soils with a mixed mineralogy in semi arid and arid 



70 

regions rarely exhibit the pronounced cutan development as do the soils 

in more humid regions (Nettleton et al., 1969). 

Thin sections of the range soil, cultivated soil, and transloca

tion column were described using the terminology suggested by Brewer 

(1964). Transects of selected horizons were made to determine the per

centage of grains, voids, argillans, and unoriented matrix, the re

sults of which are reported in Table 12. 

Native Range Soil 

A12 Horizon, Horizontal 

The A12 horizon was characterized by a granular s-matrix (soil 

fabric). The grains were randomly oriented, creating mostly simple 

packing voids (50 to 500 ym). A few large (0.7 to 1.2 mm) irregular 

orthovughs and channels were present. The occasional free grain 

argillan present was very thin (5 to 10 ym), discontinuous, but moder

ately well oriented (Fig. 15). Thin argillans were found in some 

abandoned root channels. A few of the larger root channels were filled 

with organic matter. 

Bl Horizon, Vertical 

The granular s-matrix of the Bl horizon was very similar to the 

A12 horizon. The primary differences between the Bl and All horizons 

was the higher percentage of grain argillans and a few isolated domains 

of skelsepic fabric found in the Bl horizon (Fig. 16). Grain argillans 

were thin, moderately oriented, and discontinuous in all areas except 

those which were skelsepic where they were continuous. Voids were of 

similar size and shape to those in the A12 horizon. 
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Figure 15. Photomicrograph of the A12 horizon of the range soil showing 
granular fabric (80x) 
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Figure 15. Photomicrograph of the Bl horizon of the range soil showing 
the granular fabric (8Cx) 
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Bl-B21t Horizon Interface, Vertical 

The transition from the Bl horizon to the B21t horizon occurred 

over an 8-mm distance. The soil fabric was granular above the inter

face and skelsepic below. The transitional area was characterized by 

a gradual thickening of the grain argillans and an increase in unori

ented soil plasma. 

B21t Horizon, Horizontal 

The s-matrix of the B21t horizon was skelsepic, having argillanic 

plasma concentrations parallel to grain surfaces. The grain argillans 

were of medium thickness (10 to 15 ym), moderately well oriented, and 

continuous. A few of the larger voids and channels had moderately to 

weakly oriented argillans (Fig. 17). Voids consisted mostly of simple 

packing voids, which were rounded somewhat by the development of 

argillans and unoriented soil plasma. A few large metavughs and chan

nels were also present. In some isolated areas, the soil fabric was 

governed by unoriented silt and clay as the grains were embedded in 

the soil plasma. 

The A12 and Bl horizons of the range soil had a granular soil 

fabric as was expected for soils of sand texture. Grain argillans 

were thin and discontinuous. The argillic horizon appeared to have 

developed principally as a function of clay translocation. A high 

percentage of the soil plasma, dominantly silicate clay, occurred as 

argillans around sand grains. In situ clay formation would not have 

resulted in the development of such well-oriented grain and channel 

argillans. 



75 

Figure 17 Photomicrograph of the B21t horizon of the range soil 
showing skelsepic fabric (80x) 
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Cultivated Soil 

Apl Horizon, Horizontal 

The Apl horizon of the cultivated soil had a mostly granular fab

ric, but the fabric was somewhat complex though, because of the high 

percentage of unoriented clay which occurred in the intergranular spaces, 

More than 75% of the soil plasma occurs as unoriented fillings in simple 

packing voids (Table 12). Argillans were present on most grains, but 

differed greatly in thickness and continuity. Deep plowing, which 

brought the more clayey argillic horizon material to the surface, sig

nificantly increased the clay percentage, but cultivation has destroyed 

most of the grain argillans, resulting in an insepic plasma pattern be

tween grains. A few small pedorelicts of the argillic horizon which 

have grain argillans of moderate thickness and orientation, were present. 

The void system, likely subject to change with, the various tillage 

practices, was composed of simple packing voids, irregular orthovughs, 

and channels. Large orthovughs were usually associated with the argil

lic pedorelicts as the soil material had not completely filled in 

around the larger aggregates. It was impossible to determine whether 

significant clay movement has occurred in the Apl horizon since the 

soil was deep plowed. 

Ap2 Horizon, Horizontal 

The s-matrix of the Ap2 horizon was also granular. However, the 

Ap2 horizon had considerably less unoriented soil plasma than the Apl 

horizon. Numerous wery large skelsepic pedorelicts of argillic horizon 

material were scattered throughout the horizon. The void system 
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consisted of mostly simple packing voids and orthovughs. Several 

plasma concentrations of more silty material were observed filling 

abandoned root channels and larger voids. Occasionally, clay bridging 

was observed between sand grains. A moderately oriented clay stringer 

(argillan in a channel, but not associated with channel walls), un

doubtedly formed since the soil was deep plowed, was observed along a 

channel adjacent to an argillic horizon fragment (Fig. 18). Its 

occurrence is unconformable to any possible position in an undisturbed 

soil. Several areas which had larger voids and less clay showed a 

higher degree of organic matter concentration than any horizon in the 

range soil. 

The Ap2 horizon has not been disturbed since it was first deep 

plowed. Large irregularly shaped fragments of argillic horizon were 

observed in the field and in thin section. Some apparent redistribu

tion of clay, organic matter, and silt were observed. These features 

would not have persisted through the deep plowing and are believed to 

represent recent pedogenic processes. 

Ap2-B21t Horizon Interface, Vertical 

The interface between the Ap2 horizon and the B21t horizon was not 

as abrupt in thin section as indicated by the field morphology. Illu

vial clay appeared to have been deposited in the Ap2 immediately above 

the interface, but lacked distinct orientation. Staining by organic 

matter appeared to increase in the Ap2 horizon immediately above the 

contact. In addition, several glaebules of siltier material were ob

served filling the larger voids and channels above the B21t horizon. 
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Figure 18. Photomicrograph of the Ap2 horizon of the cultivated soil 
showing granular fabric and a clay stringer extending down 
a small channel (80x) 
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A moderately oriented clay stringer, apparently becoming thinner and 

less oriented with depth, was observed extending down a small channel 

in the Ap2 horizon portion of the section. Several roots were observed 

to occur above the interface, and many of them were associated with 

well oriented argillans. Movement of soil constituents appeared to 

have been halted by the argillic horizon as none of the features de

scribed extended into the B21t horizon. 

Ap2-B21t Horizon Interface, Horizontal 

The thin section cut horizontally along the Ap2-B21t horizon 

interface showed similar features to those found in the vertically 

oriented section. More of the area in this section was occupied by 

the dark organic staining,indicating that the stains are planar and 

parallel to the B21t horizon. Again,several glaebules of siltier, 

more clayey, and higher organic matter materials were observed fill

ing the larger voids and channels above the interface. 

B21t Horizon, Horizontal 

The B21t horizon was characterized by a skelsepic soil fabric. 

The soil plasma was composed of >50% grain argillans (Table 12). The 

argillans were continuous, ranging from 5 to 10 ym in thickness with 

moderate extinction. Multiple argillans were associated with the 

larger grains bordering voids. Many grains showed disrupted argillans, 

likely due to the effects of wetting and drying cycles as discussed by 

Nettleton et al. (1969). Voids consisted mostly of metavughs, channels, 

and simple packing voids. Many of the larger root channels had 
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moderately oriented argillans. Grain argillans were generally more 

abundant and better oriented in the B21t horizon of the cultivated soil 

than the range soil. The two horizons have similar clay percentages 

(Table 1), fine clay/total clay ratios (Table 1), and clay mineralogy 

(Tables 9 and 10). The reasons for the difference in the amount of 

unoriented clay cannot be determined with the present data. 

B22t Horizon, Horizontal 

The micromorphology of the B22t horizon was similar to that of the 

B21t horizon. However, the s-matrix was mo-skelsepic, consisting of a 

dominantly skelsepic fabric with numerous areas of mosepic fabric hav

ing flecked orientation. The voids were mostly metavughs, channels, 

and simple packing voids. Grain argillans were slightly thicker in the 

B22t horizon ranging up to 20 ym. Several argillans were separated 

from the associated grains. The B22t horizon had the highest clay per

centage in the cultivated soil (Table 1) and much of it occurred as 

unoriented masses with linearly oriented domains in the matrix. Wet

ting and drying cycles are, again, likely responsible for the destruc

tion or disruption of the larger grain argillans formed by illuviation. 

B23t Horizon, Horizontal 

The mo-skelsepic fabric of the argillic horizon continued on 

through the B23t horizon (Fig. 19). Moderately oriented grain argillans 

thicken considerably in the B23t horizon, ranging up to 80 ym. However, 

many argillans were detached from their associated grains, indicating 

that the disruption by wetting and drying cycles continues to this 
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Figure 19. Photomicrograph of the B23t horizon of the cultivated soil 
The mo-skelsepic fabric is indicated by the numerous 
domains of oriented clay in the flecked matrix and the 
well developed grain argillans (80x) 
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depth, but the thicker argillans indicate less severe disruption. 

Voids were of similar size and shape to those in the B22t horizon. 

Channel argillans thickened and became more continuous in the B23t 

horizon. 

B3t Horizon, Horizontal 

The decrease to 9.1% clay (Table 1) in the B3t horizon resulted 

in a granular soil fabric. Some small isolated areas of skelsepic 

fabric were present. The B3t horizon was morphologically wery similar 

to the Bl horizon of the range soil. The void system was composed of 

mostly simple packing voids, and orthouvughs. Grain argillans were 

thin (10 to 15 ym) and discontinuous, but show better orientation than 

those observed in the overlying Bt horizons (Fig. 20). Grain argillans 

did not appear disrupted in the B3t horizon as was observed higher 

in the profile. 

The cultivated soil exhibited similar genetic morphological devel

opment to the range soil. Routine cultivation of the Apl horizon has 

destroyed most of the argillic fragments brought up by deep plowing, 

resulting in a granular soil fabric with dominantly unoriented plasma. 

The Ap2 horizon exhibited slight signs of genetic development since 

deep plowing. Recently developed sand bridging and channel argillans, 

as well as organic staining and silty channel fillings, support this 

observation. The argillic horizon of the cultivated soil had a 

skelsepic fabric as was found in the range soil. Wetting and drying 

cycles appeared to have disrupted many of the grain argillans. The 

decrease in argillan disruption with depth was in accordance with the 
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Figure 20. Photomicrograph of the B3t horizon of the cultivated soil. 
Grain argillans are thin, but have strong orientation (80x). 
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observations of Nettleton et al. (1969). The occurrence of an oriented, 

dominantly argillanic soil plasma, serves as evidence that the argillic 

horizon has formed principally as a function of clay illuviation and 

not in situ clay formation. 

Translocation Column 

Apl Horizon, 2 to 7 cm. Vertical 

The surface 2 to 7 cm of the Apl horizon from the translocation 

column showed a considerable decrease in unoriented matrix clay and a 

slight increase in grain argillans in comparison to the Apl horizon of 

the cultivated soil (Table 12). The s-matrix of the surface was granu

lar with thin, discontinuous grain argillans up to 10 ym in thickness. 

Several small argillic horizon pedorelicts with skelsepic fabric were 

recognized in the slide (Fig. 21). Numerous domains of unoriented 

plasma, similar to the plasma of the Apl horizon of the cultivated soil, 

were present. The void system was comprised mainly of simple packing 

voids, orthovughs, and channels. Several Kleingrass roots were observed 

to have thin discontinuous associated argillans. The most significant 

finding in the surface of the translocation column was a channel argil

lan streaming downward from a pedoredict of the argillic horizon (Fig. 

22). This was an important observation because it indicated detachment 

and dispersion of clay colloids and subsequent translocation. 

Apl Horizon, 8 to 16 cm. Vertical 

The s-matrix at the 8- to 16-cm depth of the column Apl horizon 

was almost identical to that of the surface, 2 to 7 cm. The only 
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Figure 21 Photomicrograph of the Apl horizon (2-7 cm) from the trans
location column showing granular fabric and a pedorelict of 
argillic horizon material (24x) 
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Figure 22. Photomicrograph of the Apl horizon (2-7 cm) from the trans
location column showing a clay stringer extending down a 
channel (80x) 
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difference was a slight increase in unoriented plasma and voids (Table 

12). Grain argillans tended to be slightly thicker, yet remained dis

continuous with moderate orientation. Pedorelicts of argillic horizon 

material were typically surrounded by large orthovughs and channels. 

Apl-Ap2 Horizon Interface, Horizontal 

The Apl-Ap2 horizon interface had a granular fabric. Grain argil

lans were thin (5 to 10 ym), moderately oriented and discontinuous. 

Simple packing voids and irregular orthovughs characterized the void 

system. The soil at the interface was somewhat more sandy than in the 

Apl horizon. Little evidence of recent illuviation was present within 

the thin section. The lower percentage of matrix clay (Table 12) indi

cates that clay may have been eluviated from this region. 

Ap2 Horizon, Vertical 

The Ap2 horizon from the column had a granular fabric much like that 

found in the Apl horizon. Grain argillans were, again, thin (10 ym), 

moderately oriented and discontinuous. Voids were of similar size and 

shape as described in the Apl horizon. Numerous pedorelicts of argil

lic horizon with skelsepic fabric were present. Several clay stringers 

(channel argillans) similar to the one described in the vertical sectfan of 

the.Apl horizon were observed extending downward through channels (Figs. 

23, 24, 25, and 26). Again, this is believed to be of considerable 

significance because they would not have persisted nor retained vertical 

orientation if they had formed prior to being placed into the column. 

The presence of these features is evidence of recent clay translocation. 
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Figure 23. Photomicrograph of the Ap2 horizon from the translocation 
column showing a pronounced clay stringer extending down 
a large channel (80x) 
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Figure 24 Photomicrograph of the Ap2 horizon from the translocation 
column showing a clay stringer extending down a channel 
from a pedorelict of the argillic horizon (80x) 
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Figure 25, Photomicrograph of the Ap2 horizon from the translocation 
column showing a clay stringer extending down a channel 
between two quartz grains (400x) 
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Figure 26. Photomicrograph of the Ap2 horizon from the translocation 
column showing a clay stringer in a narrow channel (4Q0x) 
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Ap2-B2t Horizon Interface, Horizontal 

The thin section of the Ap2-B2t horizon interface occurred immedi

ately above the B2t horizon and did not contain any argillic horizon 

material. The soil fabric was granular and grain argillans were thin, 

discontinuous, and moderately oriented. Voids were mostly simple 

packing voids and irregular orthovughs. A few small argillic horizon 

pedorelicts were present. Organic stains similar to those at the Ap2-

B21t horizon interface of the cultivated soil were also present. 

Ap2-B2t Horizon Interface, Vertical 

The vertical thin section of the Ap2-B2t horizon shows an abrupt 

transition between the granular Ap2 horizon and the skelsepic B2t 

horizon (Fig. 27). Accumulation of translocated clay was not apparent 

above the interface as was observed in the cultivated soil thin section. 

However, similar organic stains and silty channel fillings were present 

above the contact. 

The B2t portion of the thin section appeared very similar to the 

B21t horizon of the cultivated soil as was expected. However, grain 

argillans appeared somewhat better oriented as determined by their more 

complete extinction under crossed polars. Voids were mostly metavughs 

and channels similar to those of the cultivated soil. Several silty 

glaebules were observed filling channels in the upper argillic horizon 

just below the interface. These glaebules were stained by organic 

matter, but it was impossible to determine whether they formed as a 

result of the translocation in the column, or were merely features that 

were present in the argillic horizon block placed into the column. 
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Figure 27. Photomicrograph of the Ap2-B2t horizon interface from the 
translocation column. Note the abrupt change from the 
granular fabric of the Ap2 horizon to the skelsepic fabric 
of the B2t horizon. A silty, highly organic glaebule is 
shown in the upper center of the photograph (BOx). 
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The attempt to document clay translocation in the column appeared 

to have been partially successful. The increased percentage of argil

lans and decreased percentage of unoriented clay in the Apl horizon of 

the column, as compared to the cultivated soil, indicated clay had 

moved out of this horizon. The development of channel argillans was a 

wery significant indicator of clay movement. The translocation of clay 

in the soil column was especially noteworthy because it occurred under 

conditions comparable with field conditions. To the knowledge of the 

writer, previous researchers have not attempted to maintain a viable 

medium for plant growth while studying clay translocation. It is be

lieved that the clay incorporated in the soil surface by deep plowing 

is being translocated downward to the argillic horizon at rates much 

faster than thought to occur in naturally forming argillic horizons. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The two soils studied had similar morphological characteristics. 

Most of the observed differences were due to deep plowing and cultiva

tion. The surface horizons of the range soil were fine sands to a 

depth of 39 cm. Deep plowing of the cultivated soil increased the 

clay percentage in the Ap horizons to the extent that fine sandy loam 

textures resulted. The clay increase in the Ap horizons is greater 

than the 8% minimum suggested by Cunningham (1956).and Harper and 

Brensing (1950) to reduce the wind erosion to an acceptable level. 

Both pedons exhibited well developed sandy clay loam argillic 

horizons. The marked decrease in the clay percentage in the B3t 

horizon of the cultivated soil causes it to be classified as a 

Haplustalf, and not as a Paleustalf. (The SCS has traditionally 

classified the Patricia soil as a Paleustalf.) 

The two soils have developed in relatively homogeneous sediments 

to 130 cm as indicated by the FS/VFS ratios. There appears to be a 

lithologic discontinuity at the 197- to 217-cm depth in the cultivated 

soil as indicated by the greatly decreased FS/VFS ratio and increased 

feldspar content in the silt fraction. The tourmaline/zircon ratios 

were erratic and not useful as an indicator of homogeneity. However, 

the cultivated soil did show a greatly reduced heavy mineral yield at 

the 197- to 217-cm depth. 

Differences in water retention and bulk density between the upper 

horizons of the two pedons are primarily due to deep plowing and 
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cultivation. The increased clay percentage in the Ap horizons has 

increased the water retention, and cultivation has broken down soil 

structure, resulting in high bulk densities. Bulk densities in the 

argillic horizons were similar, and water retention varied principally 

as a function of clay content in both soils. 

The chemical properties of both pedons were similar and compar

able with those commonly reported for Texas High Plains soils. Ca 

was the dominant extractable cation followed by Mg, K, and Na. Both 

soils exhibited low salt concentrations as indicated by low EC values. 

The pH of the cultivated soil was somewhat lower than the range soil, 

and likely had resulted from cropping and associated cultural prac

tices, or may simply reflect the natural variability of soils in the 

area. Organic carbon content was low as is typical for the sandy soils 

of the area. Calcium carbonate equivalence was low, and only the 170-

to 180-cm sample of the range soil was calcareous. 

Quartz dominated the fine sand fraction of both soils, resulting 

in a mixed, but almost siliceous, mineralogy family. Feldspars were 

the only other major mineral in the fine sand. The silt fraction of 

both soils was dominated by quartz, but increased percentages of K-

feldspar and plagioclase feldspar, as well as a small amount of mica, 

were observed. 

The coarse clay mineralogy of both soils was dominated by illite 

and kaolinite. Quartz and feldspars occurred in minor amounts. Ran

domly interstratified illite and smectite dominated the fine caly 

fraction of both soils with lesser amounts of kaolinite, Interstrati

fication appeared to decrease with depth in both soils. 
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The decreasing percentage of kaolinite with depth in the range 

soil indicates the argillic horizon has formed by clay illuvation 

because kaolinite tends to occur in the coarse clay and would be trans

located at a slower rate than the finer clays, illite and smectite. 

This trend was not apparent in the cultivated soil because deep plow

ing incorporated more of the finer clays from the argillic horizon 

into the soil surface. However, the fine clay/total clay ratios in 

both soils increase into the argillic horizon, indicating clay illuvi

ation has led to the development of the argillic horizons. 

Micromorphological analyses also indicate argillic horizon forma

tion by clay illuviation. Argillans increased in both number and 

thickness into the argillic horizon, suggesting their deposition, on 

grain surfaces,out of suspension. The fabric of the surface horizons 

above the argillic in both soils was granular, and only a few thin, 

discontinuous grain argillans were observed. Grain argillans were 

moderately thick and continuous in the argillic horizons. The upper 

argillic horizon of both soils was skelsepic, but pronounced develop

ment of the skelsepic fabric in the deeper portion of the argillic 

horizon in the cultivated soil has resulted in a mo-skelsepic fabric. 

Numerous channel argillans were observed in the argillic horizons of 

both soils. 

Clay translocation and the reformation of the upper argillic 

horizon after deep plowing occurs much more rapidly than thought to 

occur in naturally forming soils. Numerous clay stringers (argillans 

in the channels, but not associated with channel walls) were observed 
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in both the Ap2 horizon of the cultivated soil and the Apl and Ap2 

horizon materials of the greenhouse translocation experiment. The 

occurrence of these features is indicative of recent clay movement 

because they would have neither persisted nor retained their vertical 

orientation through deep plowing if they were relicts from the undis

turbed soil. Particle size analyses indicate a slight redistribution 

of clay from the Apl horizon into the Ap2 horizon in the transloca

tion column. Extrapolation of the results, based upon the amount of 

water added and the percent clay moved, indicate that 8 to 10 years 

of irrigation and average rainfall would be required to reduce the 

surface clay content in the cultivated soil to the level believed 

to occur prior to deep plowing. 
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