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ABSTRACT 

Four pedons at Page Ranch International Center in Pinal County, 

Arizona, were sampled and studied to understand their characteristics 

and genesis. The soils studied included an Ustollic Haplargid, an 

Aridic Calciustoll, and two Typic Torrifluvents. 

The main soil-forming process of the Ustollic Haplargid's devel

opment has been clay translocation to form an argillic horizon, while 

in the Aridic Calciustoll it has been the redistribution of carbonates to 

form a calcic horizon. The Typic Torrifluvents are stratified due to 

the nature of the deposition of their parent material. 

Mica is the most abundant clay mineral in the four pedons. 

Montmorillonite tends to increase with depth, and kaolinite is present 

throughout. 

Cation exchange capacity distribution reflects the amount and 

type of clay and the organic matter content, and all soils tend to 

increase in pH with depth. 

An increase in moisture content, organic matter, clay content, 

and degree of darkness of the soils all tend to decrease the spectral 

reflectance. 

ix 



CHAPTER 1 

INTRODUCTION 

To utilize the land and to increase and maintain food production 

and productivity, and for proper strategies of developing arid lands, 

quantitative information about the soils is needed. 

The task of soil genesis and classification research is to explain 

the nature, distribution, and mode of formation of many different types 

of soils with their various characteristics. Such knowledge is essential 

for predicting what kinds of soils we can expect under various environ

mental conditions. Moreover, soil genesis is the facet of soil science 

that deals with the description and interpretation of pedons (soil pro

files), soil bodies, and patterns of soil on the surface of the earth. 

The Page Ranch International Center for Arid Lands Agricul

tural Systems is located in Pinal County in southern Arizona at an ele

vation of more than 914 m {3,000 ft) in the upper part of the Sonoran 

Desert, It is an experimental and a demonstration farm of The Univer

sity of Arizona for the purpose of developing and adapting water man

agement techniques appropriate for the use and conservation of soil 

and water resources in arid and semiarid regions. 

The soils of Page Ranch have formed from alluvium derived 

from nearby mountain ranges. The soils vary in degree of development 

from young soils that lack development (Torrifluvents) along drainage 
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ways to older well-developed soils (Haplargids and Calciorthids) on the 

older stable geomorphic surfaces. 

Four representative pedons on the ranch were described, sam

pled, and characterized. Also, a study of the relationship between 

some physical and chemical properties of the soil surface horizons and 

their reflectance in the visible and near infrared portions of the elec

tromagnetic spectrum was carried out. 

The purpose of this study was to determine the characteristics 

and describe the genesis of the soils of Page Ranch. This information 

should be useful in contributing to the evaluation, development, and 

adaptation of soil and water management techniques that in turn would 

enhance the use and conservation of soils in arid and semiarid regions. 



CHAPTER 2 

LITERATURE REVIEW 

Factors of Soil Formation 

The properties of the world's soils are understandable only-

through a knowledge of the processes of soil formation. The genesis 

of soils is, among other things, a function of the properties of its con

stituent particles. The nature of these particles is determined by the 

alterations of the material of the solid crust of the earth through the 

influence of the state factors. 

The external or state factors that determine the conditions 

under which soil formation takes place are climate, organisms, relief, 

parent material, and time (Jenny, 1941, 1961). 

During the fifties and the sixties, some scientists argued and 

discussed the general equation of the state factors. Crocker (1952) 

and Bunting (1965) discussed the quantitative aspect of the general 

equation, and Rode (1961) introduced an additional three factors of 

soil formation as being gravity, water (surface, soil, and ground), and 

mankind. Nevertheless, the state factors of soil formation are the condi

tions that affect the direction and the rate of the soil-forming processes 

as well as their duration. 

Climate influences the amount of organic matter in the soil. 

Rainfall and temperature in combination with parent material (nutrient, 

soil, moisture relationship) determine the vegetation and thus the pro

duction of organic matter. In combination with soil moisture, climate 

3 
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also determines the development of microorganisms and therefore the 

decomposition of organic matter determines the content of organic 

matter in soils (Jenny, 1961). 

Climate also determines the nature and rate of weathering and 

the rate of formation or destruction of clay minerals. Weathering rates 

increase with temperature and rainfall. Under conditions of low rain

fall, there is a dominance of mechanical processes of weathering that 

decreases particle size with little change in composition. Accordingly, 

in arid regions, the mechanical forces act more effectively than the 

chemical forces (Miller, Turk, and Foth, 1958), and the presence of 

more moisture encourages chemical as well as mechanical changes and 

the formation of new minerals and soluble products. 

The influence of organisms on soil formation comprises the 

activities of plant, animal, and human life. Organisms influence the 

amount, distribution, and kind of organic matter in the soil. Another 

important role of soil organisms in soil formation is the burrowing 

activity of small soil animals perforating the soil with many biopores, 

thus providing for a heterogeneous pore distribution that is essential 

for plant growth. Soil animals, through their burrowing activities, 

often mix soil materials of various horizons, thus homogenizing the soil 

profile and counteracting other soil-forming processes like leaching 

(Hoeksema and Edelman, 1960). 

Nikiforoff (1937) described arid soil as being characterized 

by an extremely low level of biochemical activity. McFadden (1981) 

suggested that in southern Arizona the impact of soil formation of 
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organisms is thought to have been minimal despite changing floral and 

faunal association of the last million years, so that the soil development 

trends are primarily a function of time and climate. 

Relief modifies the influence of climate and organisms. In the 

first place, through its effects on runoff and runon, it influences the 

quantity of precipitation absorbed and retained in the soil, thus affect

ing soil moisture relations. As a consequence, soils on convex upper 

slopes have more arid soil moisture conditions than the adjacent soils 

of concave lower slopes. This affects many soil-forming processes like 

weathering, leaching, organic matter accumulation, development of 

horizons, and others. 

Relief also has a pronounced influence on soil formation through 

its effects on soil erosion and the lateral migration of materials in solu

tion or suspension from higher to lower areas. In semiarid regions, 

soluble salts move with the drainage water from higher areas, resulting 

in salt accumulation at lower depressions. 

Relief also affects the amount of radiation reaching the soil 

surface and hence affects the soil temperature gradient throughout the 

solum. Thus, differences in the amount of radiation on different slope 

aspects result in warmer temperature and drier moisture regimes of 

southerly slopes and cooler and wetter regimes of northerly slopes 

(Bear, 1955). 

Generally, relief not only modifies the influence of climate and 

vegetation on soil development, but also often correlates with differences 
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in soil parent material and time. Relief is considered a very potent 

cause for local soil variation. 

Parent material represents the initial state of the soil system. 

It is the soil at time zero. It is the material from which the solum is 

presumed to have been developed. 

The response of materials in the lithosphere, in complete con

tact with the atmosphere and hydrosphere (Keller, 1957) results in 

different degrees of weathering which depend on the various kinds of 

parent material of residual, alluvial, colluvial, glacial, aeolian, volcanic, 

or organic. 

Nikiforoff (1949) mentioned that the process of parent material 

formation is just a process of weathering and soil formation occurring 

simultaneously and affecting one another. 

Martin and Fletcher (1943) showed that in arid regions the soil 

reflects the characteristics of the parent material more than in humid 

regions because of lower weathering intensity in arid regions. In addi

tion, the weathered products depend on the size and type of minerals 

of the original rock, the conditions (pH, temperature, rainfall, etc.) 

of weathering, the degree of resistance of the types of minerals to the 

weathering conditions, the formation of new secondary minerals, and 

the loss of soluble products. Harradine and Jenny (1958) mentioned 

that a basic igneous rock gives rise to very clayey soils because of its 

easily weatherable minerals, but an acid igneous rock gives rise to 

coarser textured soils because of its resistant sand-sized quartz 

grains. 
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Generally, the relative intensity of the varius soil-forming fac

tors in arid and semiarid regions, however, result in some pedologic 

processes that are quite characteristic of the region. Common to soils 

of these regions is the limited amount of water available for pedogenic 

processes, a factor that results in lowering of the intensity of many of 

these processes. 

Time, as a fifth factor of the state factors, determines to what 

extent the other factors left their marks upon the soil parent material. 

It indicates the length of time the soil-forming processes have been 

active. Different methods have been used to determine or to estimate 

the age of a soil. Stratigraphic techniques aid in determining the rela

tive age of the geomorphic surfaces on which the soil occurs. Some 

other soils can be measured by absolute dating methods like using 

radiocarbon. 

Time and climate are the chief causes of the pedogenic and 

surface variations of the geomorphic surfaces in the semiarid region 

in the vicinity of Page Ranch (McFadden, 1978). 

Arid Soils and Clay Mineralogy 

The dominant soil orders in arid and semiarid regions which 

include the area of study are Entisols, Aridisols, and some Mollisols 

(Dregne, 1976). 

Fluvents of Entisols are soils showing no evidence of developing 

pedogenic horizon. They are formed in parent materials deposited in thin 

increments by water and stratified with layers of different textures. 

They are young soils that have undergone only limited pedogenesis, 
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resulting in only a weakly developed surface horizon. Moreover, 

organic matter distribution with depth is commonly erratic and some

times follows clay changes reflecting the stratigraphic nature of the 

parent material. Clay also may act to retard decomposition of inti

mately associated organic matter (Allison, 1973). 

Argids of Aridisols are soils showing pedogenic horizon develop

ment which have formed under earlier pluvial conditions and are present 

on old geomorphic surfaces. They are characterized by having argillic 

or natric horizons, and in addition they may have other aridic diagnos

tic horizons. Most Argids with argillic horizons have clay coatings on 

sand grains and clay bridges between grains and show horizons of clay 

accumulation (Gile and Grossman, 1968; Nettleton, Floch, and Brasher, 

1969). 

The United States Comprehensive Soil Classification System 

(Soil Survey Staff, 1975) defined argillic horizon as being illuvial hori

zons in which silicate clays have accumulated by downward movement 

from upper horizons. 

Nikiforoff (1937) hypothesized that the clay in the B horizon 

formed _in situ because of the relatively long duration of moisture in 

this zone as compared with the A horizon. But Buol (1965) noted that 

there was no conclusive evidence available to eliminate in situ formation 

or illuviation. It is believed both processes took place. Smith and 

Buol (1968) and Gile and Grossman (1968) have found evidence that 

clay illuviation in the subsoils does occur in arid regions by analyzing 

carbonate free-clay profile distribution. 
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In arid and semiarid regions, rocks or minerals of varying 

compositions produce different clay minerals. Granites and gneisses, 

rocks low in bases, produce mica, kaolinite, and montmorillonite; 

whereas gabbros and basalts, rocks rich in bases, produce mostly 

montmorillonite (Birkeland, 1974). 

Clay minerals may vary in composition with depth which is asso

ciated with the leaching conditions within the soil. However, because 

of the limited amount of water available in the profiles in arid regions, 

and because of limited leaching, the profiles consequently show a higher 

base status. Thus a greater uniformity of clay composition may be 

expected because the chemical conditions do not favor extensive alteration 

and hence differences in clay mineralogy. As a result, clay mineral com

position of the soils is probably controlled more by parent material clay 

composition than by weathering during pedogenesis (Buol, 1965). 

In the Santa Catalina Mountains, at high altitudes, on granitic 

rocks, and under frigid subhumid climate, Laney (1971) showed that 

kaolinite, illite, and vermiculite are the stable weathering products in 

soils and are a result of pedogenic processes, but Barshad (1966) showed 

that soils formed from granitic lithology at low precipitation areas con

tain illite, kaolinite, and montmorillonite only at depth. 

Studies of the clay mineral depth distribution in a number of 

southern Arizona soils indicate that illite and kaolinite are present at 

the surface while the amount of montmorillonite tends to increase with 

depth (B. R. Smith, 1966; Smith and Buol, 1968; Hendricks, 1970). 

It is suggested that this distribution is due to the minerals brought in 
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equilibrium with environmental conditions with montmorillonite changing 

with depth unless subjected by surface erosion that can alter the con

ditions with time. 

In California, Brown and Drosdoff (1940) recognized the domi

nance of a mixed layer of two clay minerals, montmorillonite and hydrous 

mica and less kaolinite in two Argid soils. Buol and Yesilsoy (1964) 

reported that illite and kaolinite in Argids from Arizona dominate in the 

upper part of the profile, and smectite coinciding with lithological discon

tinuity was common in the lower profile. Later, Smith and Buol (1968) 

showed more smectite in Argids in Arizona regardless of the presence 

of lithological discontinuity and increased smectite found in deeper 

horizons containing free CaCO^. 

Earlier, Buchren, Robinson, and Deming (1948) showed that 

Arizona surface soils contain more illite than subsoils which was reflected 

by I^O content in the colloidal fraction. Smith and Buol (1968) reported 

that illite is the predominant clay mineral in the solum of the White 

House soils they studied with only traces of kaolinite. 

Generally, in arid regions and under arid conditions, mineral 

transformations take place more slowly and to a much lesser extent 

than in humid regions. 

Spectral Reflectance and Soil Characteristics 

Part of this thesis is concerned with studying the relationship 

between some physical and chemical properties of surface horizons of 

the four Page Ranch soils and their reflectance in the visible and near 

infrared portions of the electromagnetic spectrum. 
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Soil properties and interactions with radiant energy have been 

measured using various instruments. Some instruments have been 

attached to aircraft and balloons; some, such as spectroradiometers, 

are mounted on tripods in fields and laboratories; and some others, 

such as Landsat satellites, are orbiting the earth. 

The main physical and chemical properties of soils having the 

highest correlations with spectral response and affecting soil spectral 

reflectance curves are: contents of sand, silt, and clay; moisture con

tent; organic matter; iron oxides; and color. 

It has long been observed that when a dry soil is wetted, it 

appears to turn darker. Obukhov and Orlov (1964) found that reflec

tivity decreased very strongly when the soil was wetted. Later, 

Bowers and Hanks (1965) observed a strong relationship between 

reflectance and soil moisture content in the 0.40 pm to 1.10 |im range 

of the spectrum where reflectance decreased as moisture content of 

soils increased. 

Mineral constituents of soils are also different in their effect 

upon soil reflectance. Light-colored minerals such as milky quartz 

(Hunt and Salisbury, 1970) and pure calcium carbonate (Hunt and 

Salisbury, 1971) reflect strongly across 0.50 nm to 1.10 |im wavelength 

regions, while dark minerals showed the opposite. 

Studies relating reflectance to soil texture and different 

proportions of sand, silt, and clay have been carried out since the last 

decade. Al-Abbas, Swain, and Baumgardner (1972) observed that 

decreasing clay content of soils caused an increasing spectral reflectance. 
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They hypothesized that this relationship was due to the high correla

tion between organic matter and clay content. 

Gerbermann and Neher (1979) studied the influence of sand on 

reflectance and found that increasing the sand percentage level from 

0% to 100% increased the percentage reflectance in the 0.44 ym to 0.86 

ym region with increasing wavelength. Also, Stoner and Baumgardner 

(1980) observed that the reflectance of kaolinite and montmorillonite 

was related to the particle diameter, and as it increased the reflectance 

decreased exponentially. They suggested that this decrease was due 

to the roughness of the surface of particles of various diameters. 

Soil organic matter in arid and semiarid regions is considered 

low in comparison to soils in other regions. Bowers and Hanks (1965) 

observed that the increase in soil organic matter in the 0.40 ym to 

1.10 ym range of wavelength decreased the spectral reflectance. Mont

gomery (1976) also showed that for soil with less than 2.0% organic 

matter the factors having the greatest influence on spectral variation 

are silt and organic matter. The soil property having the highest 

correlation with infrared reflectance is the silt content, but organic 

matter content contributed significantly to variation in the visible 

region of the spectrum. Moreover, Krishnan et al. (1980) stated that 

the visible region of the spectrum provided better information for 

determining organic matter content in soils. 

Finally, many investigators (Cipra et al., 1971; Montgomery, 

1976; Hatfield et al., 1978; and Rodriquez-Morean, 1982) have evalu

ated remote sensing and data analysis techniques for mapping and 



classifying soils, soil evaporation and evapotranspiration, and soil 

color evaluation. Still other researchers are investigating the applic 

tion of new techniques in other areas of soil and plant science. 



CHAPTER 3 

MATERIALS AND METHODS 

Description of Study Area 

Page Ranch International Center is located in Pinal County, 

southern Arizona, in the mountain region of the basin and range prov

ince. The region is characterized by numerous small mountain ranges 

rising abruptly from the broad plain-like valleys or alluvial fans (Wilson, 

1962). 

The mountain ranges, which extend more or less southeast to 

northwest, are generally not as wide as the valleys. The broad alluvial 

fan deposits have subsequently been dissected to produce a rolling or 

undulating topography with nearly level to fairly steep slopes. On these 

alluvial surfaces, both well-developed and weakly developed soils occur. 

Page Ranch is located at about 50 km north of the city of Tucson 

and 10.5 km west of the town of Oracle (Figure 1). The ranch is 2.6 

sq km (1 sq mi) at the latitude of 31°36'N and on an elevation of 1,120 

m. The valley where the ranch is located is flanked on the east by 

the high, rugged Santa Catalina Mountains (maximum altitude 3,310 m) 

and on the west by the Tortolita Mountains (maximum altitude 1,650 m) 

(McFadden, 1978). 

The surface where the ranch is located is a plain, sloping gently 

westward with a microrelief of scattered shallow depressions and mounds, 

and is dissected in some areas by gullies. The ranch has an east-west 

14 
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Willow Springs Road 

Page Ranch Oracle 

ARIZONA 

Tucson 

Figure 1. Location of Page Ranch International Center from Tucson 
and Oracle, Arizona 
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slope of 1.43% and north-south slope of 2.60%, and the contour lines 

run essentially north-south (Matias, 1982). 

Soils on the Page Ranch and adjoining areas are transported 

soils of an alluvial fan near the northern base of the Santa Catalina 

Mountains, dissected by shallow drainage ways. They are formed in 

old and recent alluvium derived primarily from granite and other quartz-

bearing rocks. 

Soils of the White House series (fine, mixed, thermic family of 

Ustollic Haplargids), which consist of deep, well-drained soils, perme

able A horizons overlying deep Bt horizons, is the dominant series 

covering about 70% of the ranch. 

Soils of the Guest series (fine, mixed (calcareous), thermic 

family of Typic Torrifluvents) consist of deep, well-drained soils and 

are formed on areas of Page Ranch subject to periodic flooding and 

represent about 12% of the ranch area. 

Soils of the Comoro series (coarse-loamy, mixed, thermic family 

of Typic Torrifluvents) consist of deep, well-drained soils, and are 

fromed on recent alluvium in the vicinity of stream channels and repre

sent about 3% of the ranch area. 

The Hathaway series (loamy-skeletal, mixed, thermic family of 

Aridic Calcuistolls) consists of deep, well-drained, gravelly calcareous 

soils and covers about 2% of the ranch area. 

Other soil series (Pima, Bernardino, and Nolan) cover the 

rest of the ranch area (about 13%). 
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Climate 

Page Ranch and its surroundings have a semiarid climate charac

terized by the two distinct seasons of summer and winter. The summer 

rains occur as thunderstorms of high intensity and short duration associ

ated with the monsoon season. The winter rains are equinoctial with low 

intensity and long duration (H. V. Smith, 1956). The exceptional pre

cipitation was the intensive rains and floods that occurred in early October 

of 1983, which have been characterized as a 100-year flood. 

Records for 9 years (Matias, 1982) show an average annual 

precipitation of 363 mm at Page Ranch with the July average monthly 

precipitation showing the highest (48 mm) and the June average monthly 

precipitation showing the lowest (13 mm) (Table 1). The area is con

sidered to contain soils with aridic or torric soil moisture regime bor

dering on ustic. 

The mean monthly air temperature for July of 1971 to November 

1979 varied froma minimum of about 8.89°C for December to a maximum 

of 28.50°C in July, with the mean annual temperature being 18.03°C 

(Table 2). The soils of the area are considered to have thermic tem

perature regimes. 

Vegetation 

The vegetation in the broad valleys and fans in southeastern 

Arizona is referred to as the Desert Grassland (Hamphery, 1958). 

Because the elevation of the area is 1,128 m (3,700 ft) lying slightly 

above the upper limits of the Sonoran Desert 914 m (3,000 ft) (D. A. 

Smith, 1970), the area could be classified as a transitional zone of the 



Table 1. Monthly and annual precipitation (in mm) for Page Ranch International Center 

Month 

Year Jan. Feb. March April May June July Aug. Sep. . Oct. Nov. Dec. Annual 

1971 17 32 3 8 0 0 42 117 44 66 16 75 420 

1972 0 0 0 0 8 44 32 50 43 143 31 30 381 

1973 7 62 76 7 18 15 39 9 2 0 42 0 277 

1974 41 3 35 2 1 0 107 31 19 73 14 16 342 

1975 2 10 61 49 0 0 37 31 14 1 2 35 242 

1976 2 22 12 24 38 8 36 4 10 21 11 16 204 

1977 37 16 19 7 5 16 42 73 47 34 18 57 371 

1978 74 85 72 19 27 4 58 34 29 47 96 71 616 

1979 124 14 33 18 50 33 42 55 4 13 3 23 412 

Avg. 34 27 35 15 16 13 48 45 24 42 26 36 363 



Table 2. Temperatures (°C) of Page Ranch International Center from July 1971 through 
November 1979 

Mean Mean 
Maximum Minimum 

Month (°C) (°C) Mean 

Highest Highest Lowest Lowest 
Mean Mean Mean Mean 
Maximum Minimum Maximum Minimum 

(°C) (°C) (°C) (°C) 

January 15. ,06 2 .94 9 .00 17, .83 6 .06 10. ,78 0 .  83 

February 15. .72 3 .56 9 .61 20 .89 6 .67 4. ,33 - 1 .94 

March 19. .61 5 .89 12 .72 26 .61 8 .94 14. .94 2. 83 

April 22. .94 7 .11 15 .00 27 .00 11 .28 13, .94 - 1 .28 

May 29. ,17 12 .72 20 .94 30 .61 14 .11 26. ,83 11. 67 

June 35. .11 18 .61 26 .83 36 .33 20 .72 32, .11 17. 11 

July 35, .61 21 .44 28 .50 38 .11 22 .89 33, .44 19, 11 

August 33, .94 19 .83 26 .89 36 .11 21 .72 30, •11 17. 44 

September 32 .39 18 .00 25 .17 34 .44 19 .56 29, .39 16. 61 

October 26, .67 11 .94 19 .28 29 .17 14 .78 23, .50 8. 89 

November 20, ,00 7 .00 13 .50 23 .00 10 .00 17, .00 3. 39 

December 15, .06 2 .72 8 .89 18 .17 6 .39 10, .56 0 .  72 
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Desert Grassland and the southern desert shrub (ecotone). But 

Sourabie (1982) pointed out that the type of vegetation present in the area 

area is a deteriorated desert grassland type because no shrub boundaries 

exist between one vegetation type and another. Different perennial and 

annual grasses, trees, and shrubs are present in the study area. 

The nongrass vegetation is dominated by mesquite (Prosopis 

juliflora), burroweed (Aplopappus tenuisectus), snakeweed (Gutierrezia 

lucida), catclaw (Acacia greggii), wait-a-minute bush (Mimosa biuncifera), 

cholla (Opuntia sp.), prickly pear (Opuntia engelmanii), Wright buck

wheat, and paper flowers (Sourabie, 1982). 

The major perennial grasses found in the area are Arizona 

cottontop (Digitaria californica), black grama (Bouteloua eriopoda), 

purple threeawn (Aristida purpurea), cane beard grass (Bothriochloa 

barbinodis), plains bristle grass (Setaria sp.), and lehmann lovegrass 

(Eragrostis lehmanniana). These species constitute the bulk of the 

vegetation on the ranch. Most of these species are indigenous and 

characteristic of the Desert Grassland, but some have been introduced 

or have established themselves (Sourabie, 1982). 

Experimental Methods 

Many field trips were made to the Page Ranch to study and to 

sample the soils found on the ranch. Four representative pedons were 

selected (Figure 2) for detailed characterization based on the field stud

ies. Soil A was selected as representative of the White House, Soil B of 

the Guest, Soil C of the Comoro, and Soil D of Hathaway soil series. 

Soil pits were dug on these sites and detailed pedon descriptions were 
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Figure 2. Location of the four profile sites at 
Page Ranch International Center 

made. Disturbed, undisturbed, and bulk soil samples were collected 

from each horizon of the pedons. These samples were taken into the 

laboratory, air dried, and prepared for further analysis by either 

grinding and passing through a 2-mm sieve or by using the undis

turbed clods as they were taken. 

All studies and analyses, except bulk density, were made on 

the soil material less than 2 mm in diameter. All results except pH 

were expressed on an oven-dry weight basis. 

The soil samples for the spectral reflectance experiments were 

collected from the first 3 cm of the surface of the four sites. These 

samples were then cleaned of rootlets and screened through a 2-mm 

sieve, air dried, and arranged in boxes 50 x 50 x 20 cm in volume. 
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On a clear day, under a blue sky, on Friday, November 5, 1982, 

between the hours of 1138 and 1419, a set of spectral measurements 

was taken at a vertical constant distance of 50 cm in which the 4 sam

ples were in an air-dry condition. Another set of measurements was 

taken under wet conditions, and another set in between wet and air 

dry. Samples from each box under the air-dry and wet conditions 

were collected to determine their moisture contents. 

These measurements were taken by using the radiometrics RMR-

10 spectroradiometer which was designed for measuring radiance, irradi-

ance, and reflectance in the visibile and near infrared spectrum. The 

instrument consists of four sensors for the four bands of the Landsat 

MSS {green, red, and two bands in near infrared) (Table 3). 

Table 3. The bands of the Landsat MSS 

Band Range (pm) 

MSS 4 (1) 0.50-0.60 (green light) 

MSS 5 (2) 0.60-0.70 (red light) 

MSS 6 (3) 0.70-0.80 (near infrared) 

MSS 7 (4) 0.80-1.10 (near infrared) 



23 

The original readings of the spectroradiometer were recalcu

lated to percentage of reflectance for all the samples by comparison 

with reflectance measurements obtained in each band on a barium sul

fate plate used as a white standard with 0.98 as a rated reflectance 

factor value. 

Soil bulk density and particle density measurements were made 

using methods described by Blake (1965a, -b). 

The soil particle-size analysis was carried out as described by 

Day (1965), using the pipette method with the following modifications: 

the organic matter was not removed due to relatively low organic matter 

content of the soils. A solution of sodium pyrophosphate and sodium 

carbonate was used for dispersion (Lameris, 1964). Each treated sam

ple was passed through a 300-mesh sieve by wet sieving. The frac

tions remaining on the sieve were oven-dried, weighed, and the differ

ent sand fractions separated using a nest of sieves (1.0 mm to 0.05 

mm). The percentage of each was calculated, and the silt and clay 

contents were determined by the pipette method. 

Saturation percentage and extract and pH values of soil paste 

were determined as described in Agriculture Handbook 60 (U.S. Depart

ment of Agriculture, 1954) and by Ballantyne (1978). The electric 

conductivity was determined for the saturation extract as described by 

Ballantyne (1978) using a solu-bridge apparatus. 

The calcium carbonate equivalent was determined as described 

by Allison and Moodie (1965). 
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The modified Walkley-Black method as described by McGill (1978) 

was used to determine the organic carbon and organic matter. This 

method is assumed to recover 89% of organic carbon and the van 

Bemmeler factor (1.724), based on assumption that organic matter 

contains 58% carbon, was used to convert organic carbon to organic 

matter. 

The cation exchange capacity was determined as described by 

Chapman (1965), and the exchangeable bases were determined as 

described by Byers (1978). 

Water contents of the soil samples were determined at 1/3 and 

15 bars of tension using the pressure plate and membrane method 

(Richards, 1965). 

Soil morphological properties were observed and/or measured 

and described in the field using conventional techniques (Soil Survey 

Staff, 1962, 1975). 

The x-ray diffraction analysis was carried out on clay samples 

obtained by the pipette method (Day, 1965). Subsamples of the clay 

for each horizon of the four pedons were saturated with magnesium 

and potassium and mounted on glass slides. X-ray diffraction scans 

were made on the magnesium-treated samples when air-dried (54% R.H.), 

with ethylene glycol and glycerol. The potassium-treated samples 

were x-rayed following air drying and heating at 100°C, 300°C, and 

500°C. A Philips XRD 3000 diffractometer with vertical goniometer was 

used. The magnesium-treated air-dry samples (54% R.H.) only were 



scanned from 4°20 to 4O°20, while the other treatments were scann 

from 4°26 to 14°29. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Particle Size Distribution 

The percentages of sand, silt, and clay, and of the various sand 

separates for the four pedons are shown in Tables 4 through 7. 

In Soil A, the clay content increases with depth until it reaches 

its maximum in Horizon 2Bt and then decreases in the BC horizons. The 

texture of the epipedon is sandy loam and then grades into loam in the 

AB and BA horizons, and into sandy clay loam in 2Bt and 2BC horizons. 

The increase in the clay content in the Bt and 2Bt horizons (Figure 3) 

is due probably to eluviation of fine materials from the upper horizons. 

The clay distribution with depth in Soil B and Soil C are 

related to the stratified nature of their parent material since they 

formed from recent alluvium. The texture of most horizons of Soil C 

is loamy sand. The horizons of Soil B consist of interstratified loam 

and sandy loam layers. 

The clay content of Soil D increases from the surface down

ward. This suggests that a little translocation of clay may have taken 

place from the upper horizons to the Bt horizons. The clay content 

(Figure 3) then abruptly decreases to about 2% in the underlying 3C 

horizon. The texture of the surface horizon is sandy loam and grades 

into loam and sandy clay loam. 
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Table 4. Particle size distribution analyses of Soil A 

Total Sand Fraction (%) 

Depth Hori Sand Silt Clay (2.0-1.0) (1.0-0.5) (0.5-0.25) (0.25-0.1) (0.1-0.05) Textural 
(cm) zon (%) < % )  (%) mm mm mm mm mm Classa  

0-3 A1 55.2 35.5 9.3 13.3 14.6 7.8 5.1 14.2 si 

3-12 A2 50.2 38.6 11.2 19.8 12.0 6.4 4.3 7.6 1 

12-23 AB 45.7 40.3 14.0 14.9 11.1 6.4 3.3 10.0 1 

23-42 BA 46.0 34.0 20.0 15.9 10.8 5.6 2.0 11.4 1 

42-70 Btl 40.2 36.4 23.4 13.4 10.3 5.5 2.5 8.2 1 

70-91 Bt2 42.4 35.1 22.5 17.3 9.4 4.9 1.1 9.4 1 

91-108 Bt3 53.3 19.9 26.8 21.8 13.1 7.2 3.9 6.0 scl 

108-132 Bt4 62.8 12.1 25.1 28.5 20.2 6.0 2.6 3.1 scl 

132-153 Bt5 68.2 4.1 27.7 46.0 14.2 4.4 0.7 2.1 scl 

153-164 2Bt 25.5 35.0 39.5 4.4 4.4 3.8 4.3 8.3 c 

164-178 2BC1 49.4 24.2 26.4 6.3 10.1 11.3 12.6 8.7 scl 

178-196 2BC2 49.8 26.0 24.2 17.2 13.9 8.6 5.0 5.1 scl 

196-210 2BC3 56.5 17.6 25.9 12.8 15.5 11.5 7.6 8.9 scl 

210-230 2BC4 70.4 7.5 22.1 30.4 17.7 11.6 4.7 5.9 scl 

a. si = sandy loam 
1 = loam 

scl = sandy clay loam 
c = clay 



Table 5. Particle size distribution analyses of Soil B 

Total Sand Fraction (%) 

Depth Hori Sand Silt Clay (2.0-1.0) (1.0-0.5) (0.5-0.25) (0.25-0.1) (0.1-0.05) Textural 
(cm) zon (%) < % )  ( % >  mm mm mm mm mm Class3 

0-14 A1 46.5 37.5 16.0 21.0 10.6 5.1 5.5 4.4 1 

14-26 A2 52.1 35.0 12.9 19.7 12.8 6.6 4.7 8.3 csl 

26-41 CI 49.4 36.8 13.8 16.5 12.9 7.1 4.8 8.1 1 

41-64 C2 52.0 32,9 15.1 20.4 11.6 5.9 6.6 7.4 csl 

64-76 C3 57.6 26.7 15.7 24.9 11.9 5.5 3.2 6.5 csl 

76-85 C4 52.1 34.4 13.5 21.3 15.7 6.1 5.7 7.3 csl 

85-115 C5 54.2 32.5 13.3 22.6 13.4 6.0 4.1 7.6 csl 

115-132 C6 50.5 33.1 16.4 17.3 11.9 7.1 5.4 8.8 1 

132.155 C7 53.2 37.2 16.3 18.4 10.5 5.6 2.8 9.3 1 

155-180 C8 47.6 36.7 15.7 15.0 9.6 5.8 6.4 10.9 1 

180-205 C9 54.7 33.4 11.9 23.4 11.4 5.6 4.8 9.4 csl 

205-225 C10 61.0 27.1 11.9 32.0 12.4 5.4 . 4.7 6.5 csl 

225-240 Cll 62.3 25.7 12.0 29.0 12.8 5.2 3.4 11.3 csl 

240-270 2C 71.8 17.6 10.6 31.6 21.2 7.5 4.2 7.3 csl 

a. 1 = loam 
csl = coarse sandy loam 

CO 
00 



Table 6. Particle size distribution analyses of Soil C 

Total Sand Fraction (%) 

Depth 
(cm) 

Hori
zon 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

(2.0-1.0) 
mm 

(1.0-0,  
mm 

.5) (0.5-0.25) 
mm 

(0.25-0.1) 
mm 

(0.1-0.05) 
mm 

Textural 
Classa  

0-7 A1 70.9 22.0 7.1 6.91 11.5 13.3 21.8 16.7 Is 

7-12 CI 77.5 17.8 4.7 26.5 22.2 14.1 5.3 8.9 les 

12-18 C2 74.3 19.9 5.8 5.2 14.5 16.9 22.6 15.0 Is 

18-34 C3 71.8 23.0 5.5 10.7 13.7 13.4 17.8 15.9 Is 

34-46 C4 79.8 14.5 5.8 21.0 23.3 14.1 13.1 8.2 les 

46-51 C5 86.6 8.5 4.9 23.0 22.2 16.6 15.0 9.8 les 

51-56 C6 63.9 28.0 8.1 5.1 9.1 10.7 .17.1 22.0 les 

56-86 C7 81.6 11.9 6.5 36.7 20.5 10.1 8.9 4.9 les 

86-120 C8 80.4 12.8 6.4 28.3 21.9 14.7 11.0 4.5 les 

120-165 C9 70.5 18.2 11.3 30.8 15.9 7.6 9.2 6.8 les 

165-176 C10 79.2 12.3 8.5 36.4 17.0 8.7 9.4 7.6 les 

176-200 Cll 72.2 18.7 9.1 33.0 17.9 9.0 4.3 8.0 les 

a. Is = loamy sand 
les = loamy coarse sand 



Table 7. Particle size distribution analyses of Soil D 

Total Sand Fraction (%) 

Depth Hori Sand Silt Clay (2.0-1.0) (1.0-0.5) (0.5-0.25) (0.25-0.1) (0.1-0.05) Textural 
(cm) zon (%) (%) < % )  mm mm mm mm mm Class3 

0-5 A1 58.3 29.7 12.0 21.6 12.9 7.4 7.1 9.3 si 

5-17 A2 53.4 29.8 16.8 20.6 11.8 5.5 6.5 9.0 si 

17-30 AB 47.9 32.0 20.1 16.1 10.9 5.8 2.7 12.4 1 

30-58 BtKl 51.0 27.9 21.9 19.7 10.4 5.1 6.1 9.7 scl 

58-80 ' BtK2 40.0 34.2 25.8 13.2 8.7 5.1 6.1 6.8 1 

80-102 BtK3 45.6 33.2 21.1 18.4 10.1 5.2 5.9 6.0 1 

102-132 2BKb 61.5 26.7 11.7 27.1 13.8 6.8 7.7 6.1 si 

132-156 2C 56.2 28.3 15.5 24.0 13.6 6.7 6.5 5.3 si 

156-172 3BKb 55.4 37.2 7.4 18.7 16.3 7.5 6.9 6.0 si 

172-200 3C 88.8 9.3 1.9 43.3 25.2 10.3 7.4 2.4 s 

a. si = sandy loam 
1 = loam 

scl = sandy clay loam 
s = sand 
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Figure 3. Distribution of clay with depth in the four pedons 
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Calcium Carbonate, Saturation Percentage, 
and pH of Soil Paste 

The amount of water present when all the pores in the sample 

are full is known as the saturation percentage. The results (Tables 8, 

9, 10, and 11) obtained for the four pedons indicate that the saturation 

percentage is proportional to the clay content of the sample. 

The saturation paste pH tends to increase with depth in each 

pedon indicating partial leaching of bases in the upper horizons. 

Soil A is slightly acidic down to about 196 cm (Table 8). This 

indicates that leaching has been sufficient to compensate for the addi

tion of bases from weathering of primary minerals and from eolian 

sources. The base saturation, being generally moderately low, also 

reflects this. 

In Soil B, the pH is slightly acidic on the surface (Table 9) 

and increases with depth. The calcium carbonate in Soil B is present 

below the 155-cm depth (Table 13, p, 41). This may be accounted for by 

stratification of the parent material. Leaching may also have contrib

uted to the absence of CaCO^ in the upper part since the pedon is 

located near a stream channel and receives additional water during 

periods of stream flow. 

In Soil C and Soil D, the pH is mildly alkaline throughout. 

Soil D (Table 11) is calcareous throughout with the calcium carbonate 

increasing with depth down to about 132 cm (Table 15, p. 43), 

Apparently, leaching has removed part of the calcium carbonate in the 

surface and redeposited it in the lower horizons. This could account 



Table 8* Some chemical and physical characteristics of Soil A 

Moisture Tension EC x 103 pH 
Organic Organic Base Saturation of Bulk Particle 

Depth Hori Carbon Matter Saturation 1/3 Bar 15 Bar Satu Extract Soil Density Density 
(cm) zon ( % )  (%) Percentage (%) (%) ration (mmhos/cm) Paste (g/cc) (g/cc) 

0-3 A1 0.75 1.30 20.6 10.9 5.4 57.5 0.63 6.0 1.60 2.76 

3-12 A2 0.47 0.82 19.3 10.5 4.1 58.6 0.90 6.2 1.60 2.76 

12-23 AB 0.44 0.76 20.1 11.5 5.4 72.3 0.32 6.3 1.60 2.68 

23-42 BA 0.44 0.76 27.1 13.7 7.7 64.6 0.40 6.6 1.68 2.66 

42-70 Btl 0.37 0.65 30.7 15.7 8.6 62.2 0.25 6.7 1.79 2.74 

70-91 Bt2 0.27 0.47 32.1 15.7 8.0 65.1 0.30 6.8 1.89 2.75 

91-108 Bt3 0.19 0.33 30.0 15.0 6.7 57.4 0.20 6.7 1.74 2.80 

108-132 Bt4 0.11 0.18 27.4 11.2 6.4 67.4 0.19 6.7 1.78 2.78 

132-153 Bt5 0.09 0.16 34.7 12.6 10.0 79.6 0.15 6.7 1.77 2.80 

153-164 2Bt 0.07 0.12 66.8 29.6 18.0 100.0 0.35 6.9 1.76 2.74 

164-178 2BC1 0.03 0.04 42.7 18.2 10.6 81.2 0.36 6.9 1.77 2.75 

178-196 2BC2 0.04 0.06 41.5 16.6 9.0 81.9 0.24 6.9 1.66 2.75 

196-210 2BC3 0.01 0.02 45.7 20.4 11.7 84.9 0.42 7.4 1.81 2.65 

210-230 2BC4 0.003 0.006 25.9 11.2 6.6 68.5 0.26 7.4 2.66 

uo 



Table 9. Some chemical and physical characteristics of Soil B 

Moisture Tension EC x 103 pH 
Organic Organic Base Saturation of Bulk Particle 

Depth Hori Carbon Matter Saturation 1/3 Bar 15 Bar Satu Extract Soil Density Density 
(cm) zon (%) (%) Percentage ( % >  < % )  ration (mmhos/cm) Paste (g/cc) (g/cc) 

0-14 Al 1.11 1.92 31.6 15.1 8.1 66.1 0.65 6.2 1.66 2.68 

14-26 A2 0.67 1.15 23.5 12.6 6.3 73.8 0.40 6.3 1.73 2.65 

26-41 CI 0.54 0.94 23.6 11.3 6.0 82.6 0.42 6.6 1.65 2.83 

41-64 C2 0.55 0.96 24.9 11.1 6.5 68.1 0.30 6.7 1.76 2.79 

64-76 C3 0.50 0.87 18.7 12.7 7.4 68.7 0.29 6.9 1.66 2.71 

76-85 C4 0.47 0.81 23.8 9.9 5.7 69.2 0.44 7.1 2.84 

85-115 C5 0.44 0.76 24.1 11.5 6.3 73.9 0.39 7.1 1.69 2.83 

115-132 C6 0.48 0.83 24.8 11.4 6.7 71.1 0.50 7.1 1.66 2.66 

132-155 C7 0.51 0.89 29.5 25.6 7.0 76.2 0.57 7.1 1.70 2.70 

155-180 C8 0.29 0.50 33.9 14.3 7.8 100.0 0.50 7.6 1.73 2.78 

180-205 C9 0.34 0.59 30.6 13.9 6.9 100.0 0.45 7.8 1.78 2.75 

205-225 C10 0.26 0.45 25.7 12.1 5.4 100.0 0.45 7.8 1.75 2.67 

225-240 Cll 0.23 0.41 27.9 13.1 5.9 100.0 0.31 7.8 1.61 2.66 

240-270 2C 0.26 0.45 25.3 11.1 5.8 100.0 0.27 7.8 1.61 2.68 



Table 10. Some chemical and physical characteristics of Soil C 

Moisture Tension EC x 103 pH 
Organic Organic Base Saturation of Bulk Particle 

Depth Hori Carbon Matter Saturation 1/3 Bar 15 Bar Satu Extract Soil Density Density 
(cm) zon (%) (%) Percentage (%) ( % >  ration (mmhos/cm) Paste (g/cc) (g/cc) 

0-7 A1 0.95 1.64 24.3 9.6 4.9 100.0 0.41 7.9 1.59 2.72 

7-12 CI 0.52 0.90 19.2 6.5 3.3 100.0 0.22 7.9 2.70 

12-18 C2 0.35 0.61 21.1 7.3 3.8 100.0 0.23 8.1 1.51 2.78 

18-34 C3 0.44 0.76 22.5 6.2 3.4 100.0 0.22 8.2 1,52 2.77 

34-46 C4 0.41 0.70 22.2 7.6 3.4 100.0 0.29 8.2 1.52 2.71 

46-51 C5 0.34 0.59 18.8 3.8 2.7 100.0 0.46 8.2 2.75 

51-56 C6 0.51 0.88 27.5 9.8 5.0 100.0 0.36 7.8 1.51 2.66 

56-86 C7 0.45 0.78 18.6 5.6 3.2 74.6 0.81 7.9 1.56 2.79 

86-120 C8 0.46 0.79 18.2 4.6 2.7 63.0 0.92 7.9 — 2.70 

120-165 C9 0.32 0.56 25.4 8.0 4.6 70.2 0.54 7.9 — 2.70 

165-176 C10 0.43 0.74 19.6 4.9 3.4 71.2 0.35 7.6 — 2.71 

176-200 Cll 0.29 0.51 19.6 4.8 3.4 74.4 0.35 7.5 1.52 2.69 

UJ 



Table 11. Some chemical and physical characteristics of Soil D 

Moisture Tension EC x 103 pH 
Organic Organic Saturation of Bulk Particle 

Depth Hori Carbon Matter Saturation 1/3 Bar 15 Bar Satu Extract Soil Density Density 
(cm) zon ( % )  ( % )  Percentage ( % >  ( % )  ration (mmhos/cm) Paste (g/cc) (g/cc) 

0-5 A1 1.29 2.23 30.3 14.7 8.7 100.0 1.70 7.5 1.70 2.77 

5-17 A2 0.83 1.43 31.4 16.3 9.0 100.0 0.32 7.7 1.60 2.76 

17-30 AB 0.73 1.26 37.8 16.5 10.8 100.0 0.34 7.8 1.53 2.78 

30-58 BtKl 0.65 1.12 36.4 16.4 10.4 100.0 0.47 7.8 1.55 2.69 

58-80 BtK2 0.55 0.96 41.6 17.8 11.0 100.0 0.50 7.9 1.56 2.75 

80-102 BtK3 0.54 0.94 36.4 18.1 10.4 100.0 0.41 7.9 1.55 2.81 

102-132 2BKb 0.31 0.54 35.0 16.0 9.8 100.0 1.32 7.9 1.67 2.77 

132-156 2C 0.54 0.94 24.5 14.0 8.6 100.0 3.00 7.5 1.65 2.68 

156-172 3BKb 0.45 0.79 26.11 14.9 6.1 100.0 3.25 7.6 1.59 2.76 

172-200 3C 0.31 0.55 17.0 2.6 2.6 100.0 0.70 8.4 — 2.65 

UJ 
a* 
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for the lower calcium carbonate content in the A horizons as compared 

to the BtK horizons. 

Organic Matter Content 

Organic matter influences soil properties in many ways. The 

organic matter content in all of the four pedons decreases with depth 

(Tables 8 through 11). However, this decrease is gradual. 

The organic matter content of Soil A varies from 1.30% at the 

surface to 0.006% at the bottom (Figure 4), In Soils B and C, the 

organic matter content ranges from 1.64% and 1.92% at the surface to 

0.51% and 0.45%, respectively, at the bottom of the pedons. Soil D 

has the highest organic matter content on the surface (2.23%). The 

organic carbon distribution with depth in these four soils can be 

explained in part by the fact that the four soils are under grass vege

tation, and a large portion of the organic matter present is supplied 

by grass roots below the soil surface. Moreover, the soils sampled 

in this study were virgin soils having never been cultivated with 

the entire top growth left annually on the soil surface to decompose 

while much of the root system decays within the soil. Organic matter 

in Soils B and C and possibly in the surface horizons of Soil A may 

have been inherited from the parent material which undoubtedly con

tained organic matter. In the case of Soils B and C (young soils), 

this organic matter probably has not completely decomposed as reflected 

by its irregularly depth distribution. 
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Figure 4. Distribution of organic matter with depth in the four 
pedons 
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Extractable and Soluble Bases 

Exchangeable bases are commonly defined as the alkali and alka

line earth metals attached to the clay and organic colliods of the soil 

which can be exchanged with each other as well as with other cations. 

In soils the sums of the principal base cations (calcium, magnesium, 

potassium, and sodium) plus the exchangeable hydrogen and aluminum 

and traces of other minor elements held in exchangeable form are 

regarded as a measure of the exchange capacity. 

The results of the exchangeable plus soluble bases (referred 

to as the extractable bases) are listed in Tables 12 through 15. Base 

saturation was calculated from the values of the base cations and 

cation exchange capacity. 

The percentage of base saturation for Soil A is above 50% with 

calcium and magnesium as the dominant bases. The base saturation 

increases with depth. 

The extractable bases of Soil D and the deep horizons of Soil B 

are much higher than their cation exchange capacity with the dominant 

cation being calcium. This is common for soils containing soluble salt 

and/or GaCO^ since the ammonium acetate solution used to extract the 

exchangeable bases also will remove soluble salts plus some calcium 

from the CaCO^-

X-ray Diffraction Analysis 

X-ray diffraction analysis of the clay (<0.002 mm) fraction of 

each of the four pedons was carried out to determine the kind and 

relative amounts of clay minerals present in each horizon. The data 
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Table 12. Calcium carbonate equivalence, cation exchange capacity, 
and extractable calcium (Ca), magnesium (Mg), potassium 
(K), and sodium (Na) of Soil A 

Depth 
(cm) 

Hori
zon 

CaC03 
Equiv
alence 

(%) 

CEC 
(meq/ 
100 g) 

Extractable Bases 
(meq/100 g) 

Depth 
(cm) 

Hori
zon 

CaC03 
Equiv
alence 

(%) 

CEC 
(meq/ 
100 g) Ca Mg K Na 

0-3 A1 0.00 10.9 3.43 1.48 0.80 0.53 

3-12 A2 0.00 10.6 3.51 1.68 0.50 0.54 

12-23 AB 0.00 13.5 6.48 2.35 0.40 0.54 

23-42 BA 0.00 16.2 7.18 2.83 0.53 0.77 

42-70 Btl 0.00 18.2 6.81 3.22 0.49 0.83 

70-91 Bt2 0.00 17.0 6.63 3.10 0.47 0.85 

91-108 Bt3 0.00 17.2 5.90 2.85 0.37 0.77 

108-132 Bt4 0.00 15.6 6.35 2.93 0.41 0.82 

132-153 Bt5 0.00 18.1 9.05 3.85 0.51 0.98 

153-164 2Bt 0.00 20.1 19.20 6.12 0.68 1.16 

164-178 2BC1 0.00 22.0 12.79 3.85 0.40 0.84 

178-196 2BC2 0.00 18.0 10.24 3.39 0.42 0.69 

196-210 2BC3 1.85 23.3 13.35 4.43 0.66 1.35 

210-230 2BC4 1.43 18.3 8.10 3.06 0.47 0.94 



Table 13. Calcium carbonate equivalence, cation exchange capacity, extractable and 
soluble calcium (Ca), magnesium (Mg), potassium (K), and sodium (Na) 
of Soil B 

CaCC>3 Extractable Bases Soluble Bases 
Equiva- CEC (meq/100 g) (meq/L) 

Depth Hori- lence (meq/ 
(cm) zon (%) 100 g) Ca Mg K Na Ca Mg K Na 

0-14 A1 0.00 19.7 9.54 1.91 0.23 1.35 1.19 0.41 0.14 0.21 

14-26 A2 0.00 15.6 8.38 1.65 0.14 1.32 0.77 0.22 0.06 0.13 

26-41 CI 0.00 15.1 9.23 1.81 0.13 1.32 0.91 0.26 0.04 0.15 

41-64 C2 0.00 18.7 9.23 2.03 0.13 1.34 0.52 0.16 0.03 0.24 

64-76 C3 0.00 19.4 9.73 2.18 0.12 1.30 0.65 0.21 0.02 0.22 

76-85 C4 0.00 17.1 8.81 1.92 0.09 0.99 0.86 0.26 0.02 0.25 

85-115 C5 0.00 18.3 9.46 2.15 0.09 1.84 0.76 0.22 0.02 0.24 

115-132 C6 0.00 16.8 8.58 1.98 0.09 1.31 0.96 0.30 0.02 0.26 

132-155 C7 0.00 19.6 10.81 2.55 0.10 1.47 1.04 0.33 0.02 0.26 

155-180 C8 3.45 18.6 15.15 3.49 0.10 1.36 1.05 0.29 0.01 0.37 

180-205 C9 6.66 15.9 45.46 3.22 0.07 0.65 0.79 0.21 0.02 0.24 

205-225 C10 6.23 15.5 45.05 3.16 0.09 0.80 0.82 0.23 0.01 0.33 

225-240 Cll 7.85 14.7 49.10 3.26 0.08 1.21 0.54 0.16 0.01 0.26 

240-270 2C 7.13 12.6 46.76 3.06 0.08 1.03 0.61 0.25 0.01 0.23 



Table 14. Calcium carbonate equivalence, cation exchange capacity, extractable and 
soluble calcium (Ca), magnesium (Mg), potassium (K), and sodium (Na) 
of Soil C 

CaCC>3 Extractable Bases Soluble Bases 
Equiva- CEC (meq/100 g) (meq/L) 

Depth Hori- lence (meq/ 
(cm) zon (%) 100 g) Ca Mg K Na Ca Mg K Na 

0-7 A1 1.55 14.3 13.92 0.81 0.11 1.00 1.24 0.11 0.06 0.20 

7-12 CI 1.24 10.2 9.66 0.73 0.07 1.00 0.97 0.11 0.04 0.23 

12-18 C2 1.33 10.7 10.76 0.73 0.07 0.97 0.67 0.07 0.03 0.22 

18-34 C3 1.47 11.0 11.29 0.73 0.09 1.15 0.69 0.08 0.03 0.31 

34-46 C4 1.21 10.1 10.61 0.73 0.07 1.06 0.90 0.09 0.02 0.24 

46-51 C5 1.12 9.8 11.53 0.86 0.11 1.05 1.40 0.14 0.03 0.27 

51-56 C6 1.95 14.3 16.68 0.87 0.06 0.95 1.08 0.11 0.02 0.26 

56-86 C7 0.98 13.8 8.55 0.78 0.07 0.92 2.34 0.22 0.03 0.24 

86-120 C8 0.83 12.1 5.91 0.73 0.06 0.94 1.97 0.26 0.04 0.28 

120-165 C9 1.01 15.7 8.47 1.57 0.08 0.91 1.00 0.23 0.03 0.27 

165-176 C10 1.11 12.1 6.39 1.26 0.06 0.90 1.00 0.24 0.04 0.27 

176-200 Cll 0.91 11.7 6.37 1.38 0.06 0.90 0.77 0.20 0.03 0.24 



Table 15. Calcium carbonate equivalence, cation exchange capacity, extractable and 
soluble calcium (Ca), magnesium (Mg), potassium (K), and sodium (Na) 
of Soil D 

CaC03 Extractable Bases Soluble Bases 
Equiva- CEC (meq/100 g) (meq/L) 

Depth Hori- lence (meq/ 
(cm) zon (%) 100 g) Ca Mg K Na Ca Mg K Na 

0-5 A1 2.42 22.7 24.65 4.49 0.23 0.89 3.37 0.46 0.11 0.13 

5-17 A2 4.99 25.7 71.35 3.41 0.10 0.88 1.03 0.10 0.01 0.12 

17-30 AB 9.13 25.3 81.40 4.07 0.09 0.88 1.17 0.11 0.01 0.13 

30-58 BtKl 11.15 24,8 87.85 2.58 0.07 0.52 1.37 0.12 0.01 0.13 

58-80 BtK2 14.20 27.5 91.60 3.24 0.09 0.81 1.49 0.14 0.01 0.17 

80-102 BtK3 12.51 25.1 79.60 4.41 0.07 0.76 1.08 0.12 0.01 0.21 

102-132 2BKb 15.33 21.9 84.75 4.91 0.06 0.68 3.32 0.46 0.02 0.53 

132-156 2C 17.20 22.3 80.15 4.91 0.17 0.63 17.96 2.20 0.29 1.05 

156-172 3BKb 15.50 15.0 84.10 4.82 0.04 0.64 8.74 1.09 0.05 6.93 

172-200 3C 0.84 8.4 10.45 3.41 0.06 0.63 0.54 0.12 0.01 0.95 
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of Tables 16 through 19 summarize the x-ray diffraction data. The 

original diffractograms upon which these data are based are on file in 

the Department of Soils, Water, and Engineering, The University of 

Arizona, Tucson. 

The A horizons of Soil A (Table 10) contain mica as the most 

abundant clay mineral with lesser amounts of kaolinite and traces of 

montmorillonite present. In the Bt horizons mica is also the dominant 

clay mineral, kaolinite is again present in appreciable amounts, and 

montmorillonite is present in trace quantities. In the deeper horizons 

(2Bt and 2BC horizons), montmorillonite becomes more abundant with 

less mica and kaolinite. 

In Soil B (Table 17) and Soil C (Table 18), mica is the domi

nant clay mineral on the surface and throughout most of both pedons. 

Kaolinite is present in lesser amounts. Below 155 cm in Soil B, mica 

decreases and montmorillonite increases slightly with depth. Kaolinite 

is relatively uniform throughout Soil C. The increase in montmorillonite 

in Soil B coincides with the presence of CaCO^. The mica and mont

morillonite contents show only minor and irregular distributions with 

depth in Soil C. 

Soil D (Table 19) contains roughly equal amounts of montmor

illonite, mica, and kaolinite down to a depth of 102 cm. Below this 

depth, montmorillonite increases relative to mica and kaolinite. A 

chloritic integrade component may be present in trace quantities, but 

its identification is uncertain. 



J Table 16. X-ray diffraction analyses of Soil A 
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Clay Minerals k 
Depth 
(cm) Horizon Mt Vm Mi K Chi CI Quartz Feldspar 

0-3 A1 0 3+ 2 0 0 2 2 

3-12 A2 1- 0 3+ 2 0 0 2 2 

12-23 AB 1- 0 3+ 2 0 0 2 2 

23-42 BA 1 0 3+ 2 0 0 2 2 

42-70 Btl 1 0 3+ 2 0 0 2 2 

70-91 Bt2 1 0 3+ 2 0 0 2 2 

91-108 Bt3 1 0 3 2- 0 0 2 1+ 

108-132 Bt4 1 0 3 2- 0 0 2 1+ 

132-153 Bt5 2 0 3 2- 0 0 1 2-

153-164 2Bt 3+ 0 2 2- 0 0 1 1+ 

164-178 2BC1 3+ 0 2 2- 0 0 1 1+ 

178-196 2BC2 2+ 0 2+ 2- 0 0 1 1+ 

196-210 2BC3 3+ 0 2+ 2- 0 0 1 1 

210-230 2BC4 3 0 2+ 2- 0 0 1+ 1 

5 = Dominant 
4 = Large amount 
3 = Medium amount 
2 = Small amount 
1 = Trace amount 
0 = Looked for, but not detected 

Mt = Montmorillonite 
Vm = Vermiculite 
Mi = Mica 

K = Kaolinite 
Chi = Chlorite 

CI = Chloritic integrade 



Table 17. X-ray diffraction analyses of Soil B 
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Clay Minerals 
ueptn 
(cm) Horizon Mt Vm Mi K Chi CI Quartz Feldspar 

0-14 A1 2 0 4+ 2+ 0 1 2 1 

14-26 A2 2 0 4 2+ 0 1 2 1 

26-41 CI 2 0 4 2+ 0 1 2 1 

41-64 C2 2 0 4 2 0 1 2 1 

64-76 C3 2 0 4 2 0 1 2 1 

76-85 C4 2+ 0 4+ 2 0 1 2 1 

85-115 C5 2+ 0 4 2 0 1+ 2 1-

115-132 C6 2+ 0 4 2 0 1+ 2 1 

132-155 C7 2+ 0 4 2 0 1+ 2 1 

155-180 C8 2+ 0 3+ 2 0 1+ 2 1 

180-205 C9 3- 0 3+ 2 0 1+ 2 1 

205-225 C10 3- 0 3+ 2 0 1 2- 1+ 

225-240 Cll 3+ 0 3+ 2 0 1 2- 1+ 

240-270 2C 3+ 0 3+ 2 0 1 2+ 1+ 

5 = Dominant 
4 = Large amount 
3 = Medium amount 
2 = Small amount 
1 = Trace amount 
0 = Looked for, but not detected 

b. Mt = Montmorillonite 
Vm = Vermiculite 
Mt = Mica 

K = Kaolinite 
Chi = Chlorite 

CI = Chloritic integrade 



Table 18. X-ray diffraction analyses of Soil Ca 
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Clay Minerals^ 
Depth 
(cm) Horizon Mt Vm Mi K Chi CI Quartz Feldspar 

0-7 A1 1- 0 2 2- 0 0 1 1-

7-12 CI 2+ 0 3 2- 0 0 2 1 

12-18 C2 2+ 0 3 2- 0 0 2 1 

18-34 C3 2+ 0 3 2 0 0 2 1 

34-46 C4 3 0 3+ 2 0 0 2 1 

46-51 C5 3 0 3+ 2 0 0 2 1 

51-56 C6 2+ 0 3 2 0 0 2 I 

56-86 C6 2+ 0 3 2 0 0 2- 1 

86-120 C8 2+ 0 3+ 2 0 0 2- 1 

120-165 C9 3 0 3+ 2 0 0 2 1 

165-176 C10 2+ 0 3 2- 0 1 2 1 

176-200 Cll 2+ 0 3+ 2 0 1 2 1 

a. 5 = Dominant 
4 = Large amount 
3 = Medium amount 
2 = Small amount 
1 = Trace amount 
0 - Looked for, but not detected 

b. Mt = Montmorillonite 
Vm = Vermiculite 
Mi = Mica 

K = Kaolinite 
Chi = Chlorite 

CI = Chloritic integrade 



Table 19. X-ray diffraction analyses of Soil D 
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Depth 
(cm) Horizon 

Clay Minerals 

Mt Vm Mi K Chi CI Quartz Feldspar 

in I o
 A1 2- 0 2+ 2+ 0 1 2 2-

5-17 A 2 2- 0 2+ 2+ 0 1 2 2-

17-30 AB 2- 0 2 2 0 1 2 2-

30-58 BtKl 2 0 2 2 0 1- 2 2-

58-80 B t K 2  2+ 0 2 2 0 1- 2- 2 

80-102 B t K 3  2+ 0 2- 2- 0 0 2- 2 

103-132 2 B K b  3 0 2- 2 0 0 1 2 

132-156 2C 3 0 2 2 0 1- 1 2 

156-172 3BKb 3+ 0 2 2- 0 0 1 2 

172-200 3C 4 0 2 2- 0 0 1 2 

5 = Dominant 
4 = Large amount 
3 = Medium amount 
2 = Small amount 
1 — Trace amount 
0 = Looked for, but not detected 

b. Mt = Montmorillonite 
Vm = Vermiculite 
Mi = Mica 

K = Kaolinite 
Chi = Chlorite 

CI = Chloritic integrade 
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Cation Exchange Capacity 

Tables 12 through 15 show the values obtained for the cation 

exchange capacities of each horizon of the four pedons. 

The cation exchange capacities of Soil A are higher in the Bt 

and BC horizons than in the A and BA horizons (Figure 5). This is 

related to the amount and type of clay present in each horizon. 

Soils B and C differ in their cation exchange capacities from 

one horizon to the other. This is related primarily to the different 

• amounts of clr.y in each horizon. Soil D has the highest cation exchange 

capacity values of the four soils due to relatively high quantities of 

organic matter at the surface and Bt horizons as well as appreciable 

quantities of montmorillonite. 

The Spectral Characteristics 

The spectral curves for the samples of the four soil surfaces 

at a maximum air-dry condition and at a maximum wetted condition 

(Figure 6) showed significant differences on the near infrared range 

(Bands 6 and 7), but not on the visible range (Bands 4 and 5). 

These differences are summarized below. 

The highest reflectance (Table 20) occurs at Band 7 and is 

for Soil A in an air-dry condition (33.47%) and the lowest reflectance 

occurs at Band 7 in an air-dry condition is for Soil B (22.80%). This 

can be related to the moisture content in an air-dry condition (Table 

21) since the lowest air-dry moisture content is for Soil A (0.70%), 

and the highest is for Soil B (2.45%), Moreover, Soil B has the lowest 
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Table 20. Reflectance of maximum air-dry and maximum wetness of four soil surfaces on 
the Page Ranch International Center 

Maximum Air-dry Reflectance Maximum Wetted Reflectance 

Band Band Band Band Band Band Band Band 

Soil 4567 45 6 7 

A 0.1326 0.2109 0.2829 0.3347 0.0733 0.1212 0.1606 0.1932 

B 0.0957 0.1318 0.1861 0.2280 0.0589 0.0835 0.1248 0.1616 

C 0.1153 0.1710 0.2263 0.2728 0.0641 0.0964 0.1352 0.1711 

D 0.1083 0.1603 0.2094 0.2478 0.0665 0.1116 0.1371 0.2013 

U1 Csj 



Table 21. Particle size distribution, color, percentage of moisture, and percentage of 
organic matter of four soil surfaces on the Page Ranch International Center 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Color % Moisture 
Organic 
Matter Soil 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) Dry Moist Air-dry Wetted 

Organic 
Matter 

A 71.6 23.3 5.1 7.5YR 5/6 7..5YR 3/4 0.7 16.84 0.97 

B 40.2 41.4 18.4 10YR 4/2 10YR 2/3 2.45 35.75 1.18 

C 71.3 22.2 6.5 7.5YR 4/3 10YR 3/3 0.93 28.75 1.06 

D 63.0 29.6 7.4 10YR 4/3 10YR 3/2 1.85 31.06 1.16 

U1 
Co 
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reflectance under set conditions (16.2%) and the highest moisture con

tent of all the soils (35.8%). 

Soil A has the lowest clay content (5.1%) of the four soils 

and the highest reflectance in an air-dry condition (33.5%). Also, 

Soil B has the highest clay content (18.4%) and the lowest reflectance 

( 2 2 . 8 % ) .  

By using The Revised Standard Soil Color Charts, Soil A, 

which has the highest reflectance on a dry basis, tends to be the 

brightest in color of all of the four soils with the highest value and 

the highest chroma (bright brown, 7.5YR 5/6). Soil B, which has the 

lowest reflectance on an air-dry basis, tends to be the darkest in 

color of all of the four soils with the lowest value and the lowest 

chroma (grayish yellow brown, 10YR 4/2). Also, in a wet condition, 

Soil B has the darkest color (brownish black, 10YR 2/3). 

Many studies have shown that the increase in soil organic 

matter decreases the reflectance. The dry spectral reflectance 

increases with decreasing organic matter content. The four soil sur

face's air-dry spectral reflectance is in the order of B>D>C>A, which 

coincides with the results (Table 21) that the organic matter content 

is B>D>C>A. 

Soil Classification 

Analyses of Soil A, originally sampled to represent the White 

House, showed that the soil has an argillic horizon as a subsurface 

diagnostic horizon. The soil is classified as fine-loamy, mixed, thermic 

Ustollic Haplargids. The control section of Soil A (the upper 50 cm of 
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Bt horizon) averages about 25% clay, 22% silt, and 53% sand, and with 

more than 15% of the particles coarser than very fine sand particles, 

placing Soil A in a fine-loamy particle-size family. Thus, Soil A is 

not within the White House series which is in a fine family. 

The results showed that Soils B and C have little or no evi

dence of development, are subject to flooding, and show an irregular 

depth distribution of organic matter. Thus, they are classified as 

Typic Torrifluvents. The control section of Soil C (25 cm to 1 m 

depth) averages about 7% clay, 17% silt, and 76% sand, and more than 

15% of the particles are fine sand or coarser. Soil C thus is in a 

coarse-loamy, mixed (calcareous), thermic family. Soil C fits in the 

Comoro series. 

The Soil B control section averages about 15% clay, 33% silt, 

and 52% sand, and with more than 15% of the sand particles being 

coarser than very fine sand particles. The soil is in a coarse-loamy, 

mixed, thermic family which is outside the range of properties of the 

Comoro, Guest, and Pima series. 

Soil D is classified with the loamy-skeletal, mixed, thermic 

Aridic Calciustolls. The increase in clay in the Btk horizons is not 

quite sufficient to be classed as argillic horizon. Thus, the soil is 

classified as an Aridic Calciustoll rather than an Aridic Argiustoll or 

Ustollic Haplargid. The control section of Soil D (the upper 50 cm of 

Bt horizon) averages about 24% clay, 31% silt, and 45% sand, and the 

rock fragments make up more than 35%. Soil D is within the Hathaway 

series. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Four pedons representative of the soils of the Page Ranch 

International Center in Pinal county, Arizona were studied. The soils 

have formed on alluvial fan deposits derived primarily from granite and 

other quartz-bearing rocks. The soils studied include an Ustollic 

Haplargid, an Aridic Calciustoll, and two Typic Torrifluvents. The 

effects of soil-forming factors, climate, parent material, organisms, 

topography, and time were evaluated in each of the four pedons. 

The clay content in the Ustollic Haplargid increases with depth, 

and is related to translocation of fine material from the upper horizons. 

The clay content in the Aridic Calciustoll has shown some evidence of 

clay translocation that might have taken place from the upper horizons 

to the Bt horizons. Since the Typic Torrifluvents have formed on 

recent alluvium, the clay distribution with depth reflects the stratifica

tion of the parent material. 

Partial leaching of bases and slightly acidic conditions charac

terized the upper horizons of the Ustollic Haplargid and one of the 

Typic Torrifluvents. This is probably due in the case of Ustollic Hap

largid to leaching over an extended period of time. The Typic Torri-

fluvent being located very near a wash received additional water 

during periods of flooding. The Aridic Calciustoll and the second 

Typic Torrifluvent are mildly alkaline throughout, and leaching has 

56 
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removed part of the calcium carbonate from the surface and redeposited 

it in the lower horizons. 

The organic matter varies in the epipedons of the four soils, 

and decreases gradually with depth in each soil. The distribution of 

the organic carbon with depth can be explained partly by the fact that 

the four soils are virgin soils under grass vegetation. The irregular 

distribution of organic carbon in the Typic Torrifluvents can be related 

to the stratified nature of the soils being formed on flood plains. 

X-ray diffraction data show that mica is the dominant clay min

eral in the four pedons, kaolinite is present in generally moderate 

amounts throughout the pedons, but montmorillonite tends to increase 

with depth. 

The spectral curves for the samples of the four soil surfaces 

at maximum air-dry and maximum wetted conditions showed that the 

increase in organic matter, clay content, moisture content, and low 

color value of the four soils tends to decrease the spectral reflectance 

in the near infrared portions of the spectrum. 

Taxonomically, the physical and chemical analyses of the 

Ustollic Haplargid confirmed that the soil has an argillic horizon, and 

that it is classified as fine-loamy, mixed, thermic family {White House 

Taxadjunct). The properties of the two Typic Torrifluvents confirmed 

their subgroup classification. The more leached one classified as 

coarse-loamy, mixed, thermic family while the alkaline one is classified 

as coarse-loamy, mixed (calcareous), thermic family (Comoro series). 
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The data for the Aridic Calciustoll confirms its subgroup classification 

and places it in a loamy-skeletal, mixed, thermic family (Hathaway 

series). 



APPENDIX 

DETAILED SOIL PEDON DESCRIPTIONS OF 
THE FOUR SAMPLING SITES ON THE 

PAGE RANCH INTERNATIONAL CENTER 

59 
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Detailed Pedon Descriptions for Soil A 

Location: Northeastern corner of Page Ranch 
245 ra from northern fence 
416 m from eastern fence 

Horizon Depth (cm) Description 

A1 0- 3 Brown (6.5YR 4/4) dry; gravelly sandy 
loam; dark brown (7.5YR 3/4) moist; 
moderate thick platy, soft to slightly hard 
when dry; very friable when moist; slightly 
sticky, slightly plastic when wet; many 
fine roots, fine tabular pores; abrupt 
smooth boundary. 

A2 3-12 Brown (7.5YR 4/4) dry; gravelly loam; 
dark brown (7.SYR 3/4) moist; massive, 
slightly hard when dry; very friable when 
moist; slightly sticky, slightly plastic; 
many fine and very fine roots; fine irregu
lar and tabular pores; clear smooth bound
ary . 

AB 12-23 Brown (7.SYR 4/3) dry; gravelly loam; 
dark brown (7.5YR 3/4) moist; massive; 
slightly hard when dry; friable when moist; 
slightly sticky, slightly plastic; many fine 
roots; very fine tabular pores; clear smooth 
boundary. 

BA 23-42 Brown (7.5YR 4/3) dry; gravelly loam; 
dark brown (7.SYR 3/4) moist; weakly 
moderate subangular blocky; slightly hard 
to hard when dry; friable when moist; 
slightly sticky, slightly plastic; very fine 
roots; very fine tabular pores; clear smooth 
boundary. 

Btl 42-70 Brown (7.5 YR 4/4) dry; gravelly loam; 
dark brown (7.5YR 3/4) moist; moderate 
medium subangular blocky; slightly hard 
to hard when dry; friable when moist, 
slightly sticky, slightly plastic when wet; 
clear smooth boundary. 
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Horizon Depth (cm) Description 

Bt2 70-91 Brown (7.5YR 4/4) dry; gravelly loam, 
dark brown (7.5YR 3/4) moist; moderate 
medium subangular blocky; slightly hard 
to hard when dry; friable to firm when 
moist; slightly sticky to sticky, slightly 
plastic; gradual smooth boundary. 

Bt3 91-108 Brown (7.SYR 4/3) dry; gravelly sandy 
loam, reddish brown (5YR 4/6) moist; 
moderate medium prismatic; hard when 
dry; friable to firm when moist; slightly 
sticky, plastic; gradual smooth boundary. 

Bt4 108-132 Brown (7.SYR 4/4) dry; gravelly sandy 
clay loam, reddish brown (SYR 4/6) moist, 
massive; hard when dry; friable to firm 
when moist; slightly sticky, slightly plas
tic when wet; gradual smooth boundary. 

BtS 132-153 Brown (7.5YR 4/4) dry; gravelly sandy 
clay loam; reddish brown (SYR 4/6) moist; 
massive; hard when dry; friable to firm 
when moist; slightly sticky, plastic when 
wet; abrupt smooth boundary. 

2Bt 153-164 Dull reddish brown (5YR 5/4) dry; clay; 
reddish brown (SYR 4/6) moist; moderate 
medium blocky; hard to very hard; friable 
to firm; sticky, plastic; clear smooth 
boundary. 

2BC1 164-178 Dull brown (7.5YR 5/4) dry; sandy clay 
loam, brown (7. SYR 4/4) moist; massive; 
hard when dry; friable to firm; slightly 
sticky, slightly plastic; clear smooth 
boundary. 

2BC2 178-196 Dull brown (7.5YR 5/4) dry; gravelly 
sandy clay loam; brown (7.5YR 4/4) moist; 
hard when dry; friable to firm when moist; 
slightly sticky, slightly plastic to plastic; 
clear smooth boundary. 

2BC3 196-210 Dull brown (7.5YR 5/4) dry; gravelly 
sandy clay loam; brown (7.5YR 4/4) moist; 
hard when dry; friable to firm when moist; 
slightly sticky, plastic when wet; clear 
smooth boundary. 
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Horizon Depth (cm) Description 

2BC4 210-230 Dull brown (7.5YR 5/4) dry; gravelly 
sandy clay loam; brown (7.SYR 4/4) moist; 
hard; friable to firm; slightly sticky, plas
tic; clear smooth boundary. 
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Location: 
778 m from northern fence 
270 m from eastern fence 

Horizon Depth (cm) Description 

A1 0-14 Grayish brown (7. SYR 4/2) dry; gravelly 
loam; brownish black (7.5YR 3/2) when 
moist; massive; soft to slightly hard when 
dry; friable when moist; slightly sticky, 
slightly plastic when wet; many very fine 
and fine roots; fine tabular pores; clear 
smooth boundary. 

A2 14-26 Brown (7.5YR 4/3) dry; gravelly coarse 
sandy loam; brownish black (7.SYR 3/2) 
when moist; massive; slightly hard when 
dry; friable when moist; slightly sticky, 
slightly plastic when wet; very fine and 
fine roots; few fine tabular pores; clear 
smooth boundary. 

CI 26-41 Brown (7.5YR 4/3) dry; gravelly loam; 
brownish black (7.SYR 3/2) when moist; 
massive; slightly hard when dry; friable 
when moist; slightly sticky, slightly plas
tic when wet; very fine roots; few very 
fine and fine pores; gradual smooth 
boundary. 

C2 41-64 Grayish brown (7.5YR 4/2) dry; gravelly 
coarse sandy loam; dark brown (7.5YR 
3/3) when moist; massive; slightly had 
when dry; friable when moist; slightly 
sticky, slightly plastic when wet; very 
fine roots; very fine pores; gradual 
smooth boundary. 

C3 64-76 Grayish brown (7.5YR 4/2) dry; gravelly 
coarse sandy loam; brownish black (7.5YR 
3/2) when moist; massive; soft to slightly 
hard when dry; friable when moist; slightly 
sticky, slightly plastic when wet; fine and 
very fine roots; very fine tabular pores; 
gradual smooth boundary. 
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Horizon Depth (cm) Description 

C4 76-85 Brown (7.5YR 4/3) dry; gravelly coarse 
sandy loam; brownish black (7. SYR 3/2) 
when moist; massive; slightly hard when 
dry; friable when moist; slightly sticky, 
slightly plastic when wet; very fine pores; 
clear smooth boundary. 

C5 85-115 Brown (7.SYR 4/3) dry; gravelly coarse 
sandy loam; dark brown (7.SYR 3/3) 
moist; massive; slightly hard when drv; 
friable when moist; slightly sticky, slightly 
plastic when wet; very fine pores; clear 
smooth boundary. 

C6 115-132 Grayish brown (7.5YR 4/2) dry; gravelly 
loam; dark brown (7.5YR 3/3) when moist; 
massive; slightly hard when dry; friable 
when moist; slightly sticky, slightly plas
tic when wet; grdual smooth boundary. 

C7 132-155 Brown (7.5YR 4/3) dry; gravelly loam; 
dark brown (7.5YR 3/3) moist; massive; 
slightly hard to hard when dry; friable 
when moist; slightly sticky to sticky, 
slightly plastic when wet; gradual smooth 
boundary. 

C8 155-180 Brown (7.5YR 4/3) dry; gravelly loam; 
dark brown (7.5YR 3/4) moist; massive; 
slightly hard when dry; friable when moist; 
slightly sticky, slightly plastic; gradual 
smooth boundary. 

C9 180-205 Brown (7.5YR 4/3) dry; gravelly coarse 
sandy loam; dark brown (7.SYR 3/4) moist; 
massive; slightly hard when dry; friable 
when moist; slightly sticky, slightly plas
tic when wet; gradual smooth boundary. 

CIO 205-255 Brown (7.5YR 4/3) dry; gravelly coarse 
sandy loam; dark brown (7.SYR 3/4) moist; 
massive; soft to slightly hard when dry; 
friable when moist; slightly sticky, slightly 
plastic; gradual smooth boundary. 

» 
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Horizon Depth (cm) Description 

Cll 225-240 Brown (7.5YR 4/3) dry; gravelly coarse 
sandy loam; dark brown (7.SYR 3/4) 
moist; massive; soft to slightly hard when 
dry; friable when moist; slightly sticky, 
slightly plastic when wet; abrupt smooth 
boundary. 

2C 240-270 Brown (7.5YR 4/3) dry; gravelly loamy 
coarse sand; brown (7.SYR 4/4) when 
moist; massive; soft when dry; very 
friable when moist; nonplastic, nonsticky; 
buried. 
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Location: Southeastern corner of Page Ranch 
241 m from southern fence 

90 m from eastern fence 

Horizon Depth (cm) Description 

A1 0-7 Dull yellowish brown (10YR 4/3) dry; 
gravelly loamy sand; dark brown (7.5YR 
3/4) when moist; moderate medium platy; 
soft to slightly hard when dry; very friable 
when moist; slightly sticky, nonplastic 
when wet; few fine roots; common fine 
and very fine pores; abrupt smooth 
boundary. 

CI 7-12 Dull yellowish brown (10YR 4/3) dry; 
gravelly loamy coarse sand; dark brown 
(7.5YR 3/4) when moist; massive; soft 
when dry; very friable when moist; non-
sticky, nonplastic when wet; fine roots; 
common fine tabular pores; abrupt smooth 
boundary. 

C2 12-18 Brown (10YR 4/4) dry; gravelly loamy 
sand; dark brown (7.5YR 3/4) when moist; 
massive; soft when dry; very friable when 
moist; nonsticky, nonplastic when wet; 
fine roots; few fine irregular tabular 
pores; abrupt smooth boundary. 

C3 18-34 Brown (10YR 4/4) dry; gravelly loamy 
sand; dark brown (7.5YR 3/3) when moist; 
massive; soft when dry; very friable when 
moist; nonsticky, nonplastic when wet; 
very fine rootlets; few fine pores; abrupt 
smooth boundary. 

C4 34-46 Dull yellowish brown (10YR 4/3) dry; 
dark brown (7.5YR 3/3) when moist; 
gravelly loamy coarse sand; massive; soft 
when dry; very friable when moist; non
sticky, nonplastic when wet; very fine 
rootlets; very few fine irregular pores; 
abrupt smooth boundary. 
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Horizon Depth (cm) Description 

C5 46-51 Dull yellowish brown (10YR 4/3) dry; 
gravelly loamy coarse sand; brown (7. SYR 
4/3) when moist; massive; soft when dry; 
very friable when moist; nonsticky, non-
plastic when wet; very fine rootlets; very 
few fine irregular pores; abrupt wavy 
boundary. 

C6 51-56 Dull yellowish brown (10YR 4/3) dry; 
gravelly fine sandy loam; brown (7.SYR 
4/3) when moist; weak medium platy; soft 
to slightly hard when dry; friable when 
moist; nonsticky to slightly sticky; slightly 
plastic when wet; few very fine roots; 
abrupt smooth boundary. 

C7 56-86 Grayish yellow brown (10YR 4/2) dry; 
gravelly loamy coarse sand; brownish 
black (7.5YR 2/2) when moist; massive; 
soft when dry; very friable when moist; 
nonsticky, nonplastic when wet; very fine 
irregular pores; few very fine roots; 
gradual smooth boundary. 

C8 86-120 Brownish black (10YR 2/2) dry; gravelly 
loamy coarse sand; brownish black (7.5YR 
2/2) when moist; massive; soft when dry; 
very friable when moist; nonsticky, non-
plastic; few very fine pores; abrupt 
smooth boundary. 

C9 120-165 Brown (7.5YR 4/3) dry; gravelly loamy 
coarse sand; dark brown (7.5YR 3/4) 
when moist; massive; soft when dry; very 
friable when moist; nonsticky, nonplastic 
when wet; abrupt smooth boundary. 

CIO 165-176 Brown (7.SYR 4/3) dry; gravelly loamy 
coarse sand; dark brown (7.5YR 3/4) 
when moist; massive; soft when dry; very 
friable when moist; nonsticky, nonplastic 
when wet; abrupt smooth boundary. 

Cll 176-200 Brown (7.SYR 4/3) dry; gravelly loamy 
coarse sand; dark brown (7.5YR 3/4) 
moist; massive; soft when dry; very friable 
when moist; nonsticky, nonplastic; abrupt 
smooth boundary. 
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Location: Southwest corner of Page Ranch 
134 m from southern fence 
103 m from western fence 

Horizon 

A1 

Depth (cm) 

0-5 

A2 5-17 

AB 17-30 

BtKl 30-58 

BtK2 58-80 

Description 

Brownish black (7.5YR 3/2) dry; gravelly 
sandy loam; brownish black (10YR 2/3) 
when moist; moderate medium platy struc
ture; soft to slightly hard when dry; very 
friable when moist; slightly sticky, slightly 
plastic when wet; common fine pores; clear 
smooth boundary. 

Brown black (7.5YR 3/2) dry; gravelly 
sandy loam; brownish black (10YR 2/3) 
moist; moderate medium subangular blocky 
structure; soft to slightly hard when dry; 
friable when moist; slightly sticky, plastic 
when wet; common very fine and fine roots; 
many micropores; clear smooth boundary. 

Brown (7.SYR 4/3) when dry; gravelly 
loam; dark brown (7.5YR 3/3) moist; mod
erate medium subangular blocky structure; 
slightly hard to hard when dry; friable 
when moist; slightly sticky, plastic when 
wet; fine and medium tabular pores; very 
fine and fine roots; gradual smooth bound
ary . 

Dull brown (7.5YR 5/3) dry; gravelly 
sandy loam; brown (7.SYR 4/3) when moist; 
weak subangular blocky structure; slightly 
hard to hard when dry; friable when moist; 
sticky, plastic when wet; fine pores; very 
fine roots; clear smooth boundary. 

Dull brown (7.5YR 5/3) dry; gravelly 
loam; brown (7.5YR 4/4) when moist; mas
sive; slightly hard to hard when dry; 
friable when moist; slightly sticky to 
sticky, plastic when wet; fine pores; and 
very fine rootlets; gradual smooth bound
ary. 
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Horizon Depth (cm) 

BtK3 80-102 

2BKb 102-132 

2C 132-156 

3BKb 156-172 

3C 172-200 

Description 

Dull brown (7.5YR 5/3) dry; gravelly 
loam; brown (7.5YR 4/4) when moist; 
massive; slightly hard to hard when dry; 
friable when moist; slightly sticky to 
sticky; plastic when wet; very fine roots; 
abrupt wavy boundary. 

Dull yellow orange (10YR 7/2) dry; 
gravelly sandy loam; dull yellow orange 
(10YR 6/4) when moist; massive; slightly 
hard when dry; very friable when moist; 
nonsticky, slightly plastic when wet; 
abrupt wavy boundary. 

Grayish yellow brown (10YR 5/2) dry; 
gravelly sandy loam; dull yellowish brown 
(10YR 4/3) moist; massive; slightly hard 
when dry; friable when moist; slightly 
sticky, slightly plastic when wet; abrupt 
wavy boundary. 

Dull yellow orange (10YR 7/2) dry; 
gravelly sandy loam; dull yellow orange 
(10YR 6/3) when moist; massive; slightly 
hard when dry; very friable when moist; 
nonsticky, nonplastic when wet; abrupt 
wavy boundary. 

Dull yellow orange (10YR 6/3) dry; grav
elly sand; dull yellow brown (10YR 5/3) 
when moist; massive; soft when dry, loose 
when moist; nonsticky, nonplastic when 
wet; abrupt wavy boundary. 
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