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INTRODUCTION 

A series of roadcuts and excavations along Farm Road 1731, in Bailey 

County, Texas (cover, fig. 1), provide cross sections of dunes in a sand

hill terrain. The sites illustrate soils and stratigraphy of dunes that 

range in age from less than 100 years old to mid-Pleistocene. The present 

landscape is quite stable; there are very few active blowouts, and these 

are commonly due to man's activities during the last 100 years. However, 

numerous dunes of various ages indicate episodes of severe erosion at 

times in the past. 

The sites are identified by stop number (cover) for convenience of 

those who may wish to visit them in the field. Nos. 1 to 15 refer to 

stops discussed in the text. Letters a-e locate soils previously dis

cussed (Gile, 1979). A table of laboratory data for these soils is 

presented in the Appendix so that information on the roadside sites can 

be found in one place. 

Although excavations at Stops 4 through 15 are now filled, upper 

horizons may be seen at some of the roadcuts, and photographs throughout 

the text help to visualize the soils and sediments exposed in the excava

tions. This volume is part of a larger study (report in preparation). 

The Bailey County Sandhills are on the southern High Plains, or 

Llano Estacado of western Texas and eastern New Mexico (fig. 1). The 

area considered here occurs northwest of Coyote Lake and the Portales 

Valley (fig . 1). The latter was once occupied by the ancestral Pecos 

Ri ver, which f lowed eastward across the High Plains prior to its capture 

by the present southward-flowing stream (Baker, 1915; Meinzer, 1923; 

Fiedler and Nye, 1933; Reeves, 1972; fig. 1). Location of the Sandhills 

in and near the valley of the ancestral Pecos River indicates that 
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Figure 1. Upper. Location of the Sandhills, Portales Valley and present 
course of the Pecos River, which once flowed eastward through the Portales 
Valley and across the High Plains. Deposits of the ancestral Pecos River 
are thought to have been the original source of eolian deposts in the 
Sandhills. Hachures locate the High Plains scarp; the dotted pa ttern 
denotes the Sandhills. 

Lower. The Bailey County Sandhills and location of the studied 
segment of Farm Road 1731 (heavy black line northwest of Coyote Lake, just 
north of the junction between Farm Roads 1731 and 746). The inset at 
right shows Bailey County and the Sandhills in black. 



alluvium deposited by the ancient river was the original source of eolian 

sediments in the Sandhills. 

Melton (1940) classified dunes of the southern High. Plains, and 
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some of the dune forms described in his report occur in the study area 

(fig. 2). The most common types are blowout, elongate-blowout and windrift 

dunes (Melton, 1940, p. 126-130). All three are the same general type, 

differing only in the progressively greater degree to which the sand is 

carried to the leeward. Thus, orientation of the dunes indicates the 

dominant direction of winds that moved the sand. The directions of sand

moving winds are complicated in some places by the emplacement of younger 

dunes on older ones. In some cases this can be overcome by finding an 

isolated area in which direction is expressed without complication of 

a younger dune. 

The weather station nearest the study area is in Muleshoe, Texas 

(fig. 1). The climate is semiarid and evaporation is high. Precipitation 

is 44 cm annually, and most of it falls during the months of May through 

September. Strong winds and occasional dust storms occur in February, 

March and April. The average annual temperature is 13°C. July, the 

warmest month, has an average temperature of 25°C; January, the coldest, 

has an average temperature of 4°c. Snowfall is generally light and melts 

within a few days. The climate was more moist during pluvial times than 

now as discussed l ater. Climatic change is thought to have been a signi

ficant factor in initiating erosion and sedimentation in the southwestern 

United States (Haynes, 1968), and in the development of geomorphic surfaces 

in southern New Mexico (Hawley and Kottlowski, 1969). The Sandhills 

should have been particularly susceptible to climatically caused episodes 

of erosion because abundant sand would have been available for erosion. 
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Figure 2. Topographic map of the same area shown in the aerial photograph 
(cover). Hachures indicate blowouts; ridged areas are dunes. 



Sandy C horizons between sets of genetic horizons demonstrate both the 

episodes of sedimentation and soil burial. This evidence for soil 
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burial has pedogenic implication for other parts of the High Plains where 

individual deposits are thinner and C horizons are absent, and supports an 

interpretation of buried soils in such areas (Allen and Goss, 1974). 

A CHRONOLOGY OF SURFACES, SEDIMENTS AND SOILS 

Figure 3 shows the geomorphic surfaces, their ages, and their relation 

to soil morphology and classification. The chronology must be considered 

tentative because additional sediments and soils, not yet found, may be 

buried in the dunes. 

The sediments associated with a given surface - i.e., the sediments 

in which the soils have formed and the underlying C horizons, if present -

are designated by the geomorphic surface name (e.g., Muleshoe sediments; 

Hawley and Kottlowski, 1969). The age of soil and geomorphic surface is 

considered to be the same. Development of horizons of silicate clay and 

carbonate accumulation is closely related to age (fig. 3). 

The Fairview, Muleshoe and Longview sediments have been discussed 

(Gile, 1979) and will be seen at Stops 1-3. These sediments occur 

mainly north of Stop 4, being only thinly and sporadically present south 

of it. Following is a brief discussion of sediment and soil chronology 

at Stops 4-15. 

SOILS OF BIRDWELL AGE 

Soils of the Birdwell surface, named in honor of Mr. J.E. Birdwell, 

are the most extensive soils at the land surface south of Stop 4. Names 

other than Birdwell I and II have not been used because identification 

is not always certain if both are not present. If there is no evidence 

indicating I or II, the soils and sediments are designated simply as 
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Figure 3. Diagram showing soil development with increasing age in t he 
vicinity of Farm Road 1731. The illustrative soils have formed in non
calcareous eolian sediments associated with geomorphic surfaces of 
indicated ages. Morphological variations from the indicated morphologies 
can be caused by erosion prior to burial; presence of carbonates in the 
parent materials; and preservation by burial. 

Upper. These soils formed in sediments deposited after the 
Tahoka pluvial ended about 13,000 years ago. Some soils of Muleshoe age 
have no clay bands, and weak Psammentic Haplustalfs occur in some deposits 
of Longview age. 
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or before the Tahoka pluvial. 
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Birdwell. 

Soils in Birdwell I and Birdwell II are similar in that (at stablest 

ridge-crest sites) both have Bt horizons too thin and weak to have 

undergone deep leaching intervals such as the Tahoka pluvial (Wendorf, 

1961, p. 130). This pluvial represents a major climatic interval, sub-

stantially wetter than the present time, since the landscape was character-

ized by numerous small lakes, ponds and perennial streams (Haynes, 1975, 

p. 83). The Tahoka pluvial was originally thought to extend from 15,000 

to 22,000 years B.P • .!./ (Wendorf, 1961, p. 130). In a later publication 

(Wendorf and Hester, 1975) the Tahoka pluvial was confirmed but different 

times were given for its occurrence (e.g., from 13,000 to some time prior 

to 20,000 years ago, Haynes, 1975, p. 83). 

The Birdwell I sediments are thought to have been deposited after the 

Tahoka pluvial, in the dry interval termed the Monahans Interval, from 

11,000 to 13,000 years ago; during this time streams became ephemeral and 

many ponds dried up (Haynes, 1975, p. 83). The contact between Birdwell 

and pre-Birdwell sediments is the most prominent one observed in the 

study area and apparently reflects the magnitude of the environmental 

change associated with the end of the Tahoka pluvial at about 13,000 

years B.P. The environmental change must have been profound indeed 

(Haynes, 1975, p. 83; Oldfield and Schoenwetter, 1975, p. 171). The 

contact is well shown at Stops 6, 7, 8, 9, and 13. 

The sediments of Birdwell II are thought to date from an arid time 

during the interval designated by Haynes (1975) as extending from about 

11,500 to 7,000 years B.P. This may be an approximate equivalent of unit 

ltears B.P. = years before 1950, following the custom for reporting 
radiocarbon age. 
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B2 in Haynes (1968) who notes (p. 607): 

Forty-two carbon-14 dates between 7,100 and 11,000 B.P . for these 
cultural complexes are remark.ably consistent over a wide geographical 
area •••• In some dune-sand deposits of Colorado and Wyoming the occur
rence of Cody artifacts . •• and Folsom artifacts ••.. indicate that the 
deposits are an eolian facies of unit B2. 

The evidence suggests widespread occurrence of at least one time of 

erosion and sedimentation during the 11,500 to 7,000 B.P. period, and 

Birdwell II sediments may have been deposited during this interval. 

SOILS OF ROOSEVELT AGE 

The thin, but distinctive Roosevelt sediments (fig. 3) are next older 

than Birdwell. The Roosevelt sediments are postulated to be correlative 

with Peoria Loess (see also discussion at Stop 5). The regional signifi-

cance of Peoria Loess was shown by Frye and Leonard (1951), who traced 

it from Kansas into the Texas Panhandle. Age of the Roosevelt sediments 

may be indicated by the following . The deposit would be older than 

about 13,000 years B.P. since it underlies the prominent contact at the 

base of Birdwell I sediments. In Illinois, Kempton and Hackett (1968) 

show Peoria Loess to range from about 12,000 to 22,000 years B.P. In 

Ohio, Goldthwait (1968) found that deposition of a loess he conside~ed 

as equivalent to Peoria began at least 20,000 years ago and perhaps as 

much as 28,000 years ago, tapering off shortly after 17,000 years ago. 

From the above it is thought that (if the Roosevelt sediments are 

correlative with Peoria Loess) the bulk of the Roosevelt sediments were 

emplaced within the period from about 15,000 to 25,000 years B.P. (fig. 3) . 

SOILS OF HALE AGE 

Soils of Hale age have a Bt horizon that is substantially thicker 

and higher in clay than in soils of Holocene age (fig. 3). This is 

thought to be due to greater age and to increased moisture of a pluvial. 

Soils of Hale age are considered to be older than 25,000 years and to be 
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of late-Pleistocene age, a general term for the period from about 10,000 

to 250,000 years B.P. Soils of Hale age are extensive in the Sandhills 

but are usually buried. They are more extensive at the surf ace outside 

the Sandhills, where they are similar to Brownfield soils of the Bailey 

County Soil Survey (Girdner et al., 1963, p. 13). 

SOILS OF CURRY AGE 

Soils of Curry age (fig. 3) have been observed in only a few places. 

These soils are older than Hale but are also thought to fall within the 

late-Pleistocene age bracket. Observations suggest that soils of more 

than one age may occur between Hale and Bailey (fig. 3), but until this 

can be clarified, soils in this general stratigraphic position are 

designated Curry. 

SOILS OF BAILEY AGE 

Soils of Bailey age (fig. 3) are common in large blowouts in the 

central and southern part of the area, but are buried in most other places. 

Few examples of well-preserved soils are known because of strong erosion 
, .. ,1 ' • 

at various times since the soils started to form. The K horizon is the 

best chronological marker because it is deeper in the soil and more 

resistant to erosion than the overlying B horizon. The K horizon is 

thicker and higher in carbonate in soils of Bailey I than in soils of 

Bailey II. The age of Bailey sediments is known only in a very general way. 

They are considered to be of mid-Pleistocene age, and to have been emplaced 

between about 250,000 and 750,000 years ago. In most places the study 

trenches penetrated only the upper part of Bailey sediments, and more 

work is needed to determine the character of the transition between 

Bailey I and Bailey II. If there is no evidence indicating I or II, 

the soils and sediments are designated simply as Bailey. 
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SOIL CLASSIFICATION 

Classification of soils at Stops 1-15 is presented in table 1. 

Series names are not available for soils other than Tivoli, Circleback 

and Texico (table 1). The Soil Survey of Bailey County (Girdner et al., 

1963) was published before the new U.S . system of soil classification 

(Soil Survey Staff, 1975), and some of the soil names used in the 1963 

survey do not now fit soils of this area. 

The Ustalfs are the mostly reddish Alfisols of warm subhumid to 

semiarid regions (Soil Survey Staff, 1975). In the study area, the 

Ustalfs are in a semiarid region that borders and is transitional to 

Aridisols in drier areas to the west. Thus, the Ustalfs are in Aridic 

subgroups (Soil Survey Staff, 1975) except for soils that have .argillic 

horizons with sandy control sections; these are the Psammentic Haplustalfs 

(table 1). 

BURIED SOILS AND "THE SOIL THAT WE CLASSIFY" 

Buried soils occur at each ·of Stops 1-15, and are very common in the 

Sandhills. Many of the buried soils are so shallow that they must be 

considered in classification of soils at the land surface. Buried diag-

nostic horizons are permitted in Entisols, as indicated by this statement 

in Soil Taxonomy (p. 179): 

e. Buried diagnostic horizons may be present either if the surface 
of the buried soil is at a depth between 30 and 50 cm and the thick
ness of the buried soil is l ess than twice the thickness of the 
overlying deposits or if the surface of the buried soil is deeper 
than 50 cm •.• 

Following are other statements concerning the use and meaning of the 

term "buried soil" as used in Soil Taxonomy. 
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Table 1. Soil classification and diagnostic features of soils at Stops 1-ls!./ 

Order Suborder Great group Subgroup Particle- Series Soil at Stop No. and ssel' 
size Z/ 
clas&"' F M L B R H Ba 

Entisols Psamment s Ustipsamments Typic Sandy Tivoli. Lacks two or more 
continuous clay bands, 1 2 

Alfie Sandy Circleback. Has tvo or 1 
more continuous clay bands. 3 

;Alfisols Ustalfs Haplustalf s Psamment ic Sandy Texi co. 3 4 
14 

5 5 
Aridic Coars e- Farwell. Lacka a calcic 6 6 

loamy horizon or soft powdery 7 7 
lime within 90 cm depth. 15 12 9 

15 

Fine- . Lacks a calcic horizon 13 8 
loamy or soft powdery lime within 12 

90 Clll depth. 13 

Has a calcic hori- ll 10 
zonc;r soft powdery lime with-
in 90 cm depth . 

i.!/ Diagnostic features listed are those important to the study area. See Soil Taxonomy (Soil Survey Staff, 1975) for a 
f c01Dplete list. Tivoli is an established series. Circleback and Texico are proposed. Farwell is a tentative name. 
i All soils have mixed lllineralogy and are in the thermic temperature class, 

j ~/ Particle-size class refers to the weighted average particle-size class of the ~ section,which refers to specific 
!horizons and/or depths in the soil. For this area the control section for the Entisols extends from 25 to 100 cm depth; 
ffor the Alfisols, it is the upper 50 cm of the argillic horizon, or t he whole argillic horizon if it is leas than 50 cm 
i thick. 

j3/ In order of increasing age. F •Fairview, M •Muleshoe, L •Longview, B •Birdwell, R •Roosevelt, H •Hale, Ba• Bailey. 
,Buried soil s of Bailey age need more study and have not been class ified in this table. 
! 
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From page 91: 

In this key and other keys that follow, the diagnostic horizons and 
the properties mentioned do not include the properties of buried 
soils except their organic carbon if of Holocene age and base satura
tion ••• The meaning of the term "buried soil" is given in Chapter 1. 

From page 2, Chapter 1: 

A soil is considered to be a buried soil if there is a surface 
mantle of new material that is 50 cm or more thick or if there 
is a surface mantle between 30 and 50 cm thick and the thickness 
of the mantle is at least half that of the named diagnostic 
horizons that are preserved in the buried soil. A mantle that is 
<30 cm thick is not considered in the taxonomy but, if important to 
the use of the soil, is considered in establishing a phase. The 
soil that we classify in places where a mantle is present, there
fore, has its upper boundary at the surface or <50 cm below the 
surface, depending on the thickness of its horizons. 

A surface mantle of new material as defined here is largely unaltered. 
It is usually finely stratified and overlies a horizon sequence 
that can be clearly identified as the solum of a buried soil in at 
least part of the pedon, as defined in the following chapter. The 
recognition of a surface mantle should not be based solely on studies 
of associated soils. 

In practice, a "mantle of new material" is actually a mantle without 

a diagnostic horizon since it is too young for one to have formed. But, 

such mantles can have A horizons and weak B horizons. With this under-

standing of the definition of a mantle of new materi al, then, the follow-

ing s tatement may be made: 

The soil that we classify has its upper boundary at the surface or 
<50 cm below the surface if a mantle of new material is present. 

The argillic horizon is the most common diagnostic horizon in 

buried soils of this area. Some buried argillic horizons are thin but 

others are very thick, and both the 30 to 50, and ~50 cm depths would 

apply. For convenience in this work, only the ~50 cm depth was used 

(consideration could well be given to dropping the 30 to 50 cm criterion). 

Thus , if the mantle is <50 cm thick and lacks diagnostic horizons, 

the soil beneath it is classified and the mantle is termed an overblown 



phase of the soil beneath. 

Clay bands, or lamellae, are diagnostic for the Alfie Ustipsamments 

if they are within 1.5 m of the soil surface (Soil Survey Staff, 1975, 

p. 207). However, horizons with clay bands are not one of the formally 

defined diagnostic horizons (Soil Survey Staff, 1975, p. 14-47), and a 

mantle of new material above a soil with clay bands would not be distin-

guished for classification purposes in Soil Taxonomy. But in this study 

(report in preparation) horizons with clay bands are considered to be 

diagnostic for the purpose of recognizing buried soils with clay bands. 

Soils with clay bands are classified as Alf ic Ustipsamments where they 

are at the land surface and where they are buried by a mantle of new 

material <50 cm thick. If the mantle overlying the Alf ic Ustipsamment is 

more than 50 cm thick and is sandy, the "soil that we classify" is 

termed a Typic Ustipsamment, and presence of the buried soil is noted in 

the text. 

BURIED SOILS AND PSEUDOPALEUSTALFS 

Paleustalfs are the thick reddish or red Ustalfs of old surfaces 

(Soil Survey Staff, 1975) . Soils of this area that would qualify 

as Paleustalfs must have both of these characteristics (Soil Survey Staff, 

1975): 

(1) a clay distribution such that the percentage of clay does not 
decrease from its maximum amount by as much as 20 percent of that 
maximum throughout a depth of 1.5 m from the soil surface •.• and 

(2) one or more of the following in the argillic horizon: 

(a) a hue redder than lOYR and chroma that is more than 4 in 
the matrix of at least the lower part; 
(b) a hue that is 7.5YR or redder and a value, moist, that 
is less than 4 and a value, dry, that is less than 5 through
out the major part ; or 
(c) common coarse mottles that have a hue of 7.5YR or redder 
or chroma more than 5, or both ••• 

Some Haplustalf s that at first glance might appear to qualify as 

13 
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Paleustalfs actually consist of buried soils that are overlain by much 

younger deposits and horizons, as illustrated at Stop 15. Such soils 

have been informally termed pseudoPaleustalfs. It is not known how wide

spread this condition is, but it should be considered in properly classify

ing the soils concerned. 

Soil Taxonollly does not provide for recognition of soils buried by 

mantles in which diagnostic horizons have formed. But it should be noted 

that buried soils are recognized as such elsewhere in Soil Taxonomy 

(Soil Survey Staff, 1975, p. 460, 461) regardless of overlying materials, 

and indeed it could be argued that the rules for recognition of buried 

soils should be applied to Haplustalfs as well as to Entisols: that 

buried soils be permitted within specified depths. This would not only 

recognize the buried soils, but would also properly restrict the "Pale" 

great groups to soils that truly occupy the older part of the soil chrono

logy, as the "Pale" prefix is supposed to indicate. If buried soils at 

shallow depth beneath diagnostic horizons are found to be extensive 

in other sandhill terrains, suitably defined Thapto subgroups (Soil 

Survey Staff, 1975, p. 88) may be advisable for the Haplustalfs. 

Another approach would be to formally recognize that buried soils are 

present in some Paleustalfs. The definition of the Paleustalfs could 

include a statement that buried soils are at shallow depth in many places, 

and that some of the overlying diagnostic horizons are not "Pale" in the 

sense of "old" development. This would be less precise than the first 

alternative suggested, but at least would avoid erroneous interpretation, 

as is the case with the present arrangement. 

HORIZON DESIGNATIONS 

Horizon designations follow the Soil Survey Staff (1962) except for 



the Kand C horizons (Gile et al., 1964, 1966), and for some of the 

horizons with clay bands. If both the clay bands and material between 

the bands qualify as Bt, the horizon concerned is designated Bt (e.g., 

B2lt). If only the clay bands qualify as Bt and they occupy<.50% of the 

horizon, it is indicated by a dual designation in which the dominant 

fabric is given first (e.g., B2l&Bt); the symbol Bt refers to the clay 

bands. 

Buried soils are designated with the lower case letter b (Soil Survey 

.Staff, 1962). By convention, the symbol is not used unless the overlying 

materials are at least 30 cm thick, and it is not used in the second 

part of horizons with dual designation (e.g., B2lb&Bt). Abbreviations 

15 

in tables follow the Soil Survey Staff (1951) except for terms indi cating 

effervescence with HCl (e = slight effervescence; es = strong effervescence; 

nc • noncalcareous). Horizons for which pH is given are noncalcareous. 
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STOP 1. TYPIC USTIPSAMMENTS OF THE FAIRVIEW SURFACE 

The large, light-colored area east of Farm Road 1731 (cover) is an 

active blowout. Stops 1, 2 and 3 illustrate blowout exposures of Fairview, 

Muleshoe and Longview age respectively. Figure 4 summarizes soil class-

ification, soil horizons and sediments at the three stops. 

The soil in Fairview sediments (Tivoli, fig. 5, table .2) is on the 

north side of the dune, in a high, west-facing exposure. Sediments 

associated with the Fairview surface postdate the large-scale introduc-

tion of ranching in the late 1800's, thus range in age from about 100 

years B.P. to the present. Fairview sediments are commonly only a few 

cm thick but in and near the large blowout range up to about 1.5 m thick. 

There is some variation in the direction of sand-moving winds at 

present in the southern High Plains. In the study area, location of 

sand from the active blowout (cover) indicates that the direction of 

sand movement is now approximately due east. Melton (1940, p. 138, 141) 

indicated that the dominant direction of present-day active sand movement 

0 0 0 0 
was toward N. 40 - 50 E. and locally N. 60 - 70 E. near Clovis, N.M.; 

0 c and towards N. 20 - 25 E. in most of the southern High Plains of Texas. 

Melton postulated that winds of the above directions were about the same 

during the last 5,000 years, and termed dunes formed during this time, 

Series I. These dunes were not shown for the Bailey County Sandhills 

(Melton, 1940, fig. 29). Reeves (1965) working in the southern High 

Plains of Texas, found winds to be mainly N. 5° - 35° E., with an average 

0 
wind direction of N. 20 E., approximately the same as Melton. 

The Fairview deposits are so young that they do not have Al horizons 

that are darkened throughout by organic matter, and they do not have A2 

horizons or B horizons. The degree of pedogenic alteration of Fairview 
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Figure S. Upper. Landscape view of Stop 1, on the west-facing side of an exposure in the blowout 
(cover). Fairview sediments deposited on the Longview dune at an earlier time in blowout development 
are being removed as the blowout is enlarged by current erosion. The southern part of the Muleshoe 
remnant (Stop 2) is at extreme left. 

Lower. The Typic Ustipsannnent 
to a depth of about 4 1/2 feet. The dark 
of Longview sediments. Scale is in feet. 

Tivoli (by the tape) at Stop 1. Fairview sediments extend 
A horizon, possibly formed in Muleshoe time, marks the top 

Photographed October, 1974. 

...... 
\D 
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Table 2. Characteristics of Typic Ustipsamments (Tivoli) at Stops 1 and 2 

Value/chrO!lla Tex- Struc- Dry Lower 
Sediment Horizon Depth, Hue Dry Hoist tu re ture cons is- boundary 

cm tence H 

~ 
Fairview Cl 0-18 5YR 6/4 4.5/4 fs m,sg s,l 6.8 cw 

C2 18-51 5YR 6/4 4.5/4 fs m s 7.0 cw 
CJ 51-87 5YR 6/4 4.5/4 fs m s,sh 6.8 cw 
C4 87-122 5YR 6/4 4.5/4 fs rn s,sh 6.11 cs 

Longview II Alb 122-137 7.5YR 5.5/4 4/4 ·fs m s,sh 6.8 

~ 
Fairview Cl 0-15 5YR 6/4 4.5/4 fs m s 7.0 cw 

C2 15-33 5YR 6/4 4.5/4 fs r.i s 7.0 cw 
Muleshoe Allb 33-54 7.5YR 5/3 3.5/3 fs m s 7.4 cw 

Al2b 54-70 5YR 5/3 3.5/3 fs m s 7. 4 CW 
A3b 70-91 5YR 6/4 4.5/4 fs ID sh 7.4 cw 
Blb 91-117 5YR 6/4 4.5/4 fs m sh 7.11 cw 
B2b&Bt 117-141 5YR 6/4 4.5/4 fs m sh 7.4 CW 
Cb 141-167 5YR 6/4 4.5/4 fs m s 7.4 

sediments ranges from undisturbed strata of freshly deposited materials 

to strata that have been partly mixed by soil fauna and roots. The 

Fairview sediments can be identified by the absence of the horizons 

indicated; by their occurrence near features created by man; and commonly 

by their sandy surficial appearance. 

In places, Fairview sediments contain whitish sand lenses that range 

from 1 to several mm in thickness. The whitish color is the color of the 

sand grains, which are virtually free of coatings. The lenses parallel 

the land surface, and thin accumulations of white sand may presently be 

seen on the surfaces of some dunes. The accumulations are thought to have 

been caused by brief periods of surf icial weathering during halts in 

sedimentation. Occasional rainstorms could temporarily stop erosion and 

the deposition of eolian sediments. During the rainstorms, coatings 

of clay on sand grains could be leached away and the sands left white. 

The whitish grains would later be buried upon resumption of dry periods 

and eolian sedimentation. Some whitish lenses are still preserved in lower 



B and in the C horizons of older soils (see Stop 14) but in many places 

they have been partly or completely obliterated by subsequent accumulations 

of pedogenic clay. 

Walk about 23 m west to the east-facing exposure at Stop 2. 

21 
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STOP 2. TYPIC USTIPSAMMENTS OF THE MULESHOE SURFACE 

A small remnant of the Muleshoe surface (cover; figs. 4, 5, 6) is 

preserved near the northwestern margin of the blowout. The direction 

of sand-moving winds in Muleshoe time is not apparent from the exposure 

at Stop 2. However, examination of blowout dunes of Muleshoe age indicate 

that the direction of sand movement was about the same as today, dominantly 

towards due east. 

The remnant at Stop 2 (table 2) is important in a reconstruction of 

soil and geomorphic history in the vicinity of the blowout. A thin 

deposit of Fairview age is at the surface. The underlying soil in Muleshoe 

sediments slopes gently to the north and the Muleshoe deposit apparently 

was emplaced on the flank of the same Longview dune that is exposed to the 

east (Stop 1) and to the west (Stop 3). The Muleshoe sediments a t Stop 2 

apparently were derived from the north-facing side of the Longview dune 

to the west since there is evidence of Muleshoe erosion there as 

discussed later. 

The Al horizon in Muleshoe sediments is well pres er ved beneath the 

thin deposit of Fairview sediments. A similar Al horizon is also present 

at Stops 1 and 3, and may have been continuous across the land surface 

before the blowout formed. The thin, discontinuous c lay bands t ypi cal 

of many soils of Muleshoe age were also found at Stop 2 . Although only 

one discontinuous band is visible in the photographed pedon, several 

were encountered in digging the sampling pit. The Cb horizon lacks clay 

bands and extends to a depth of at l east 3 m below the land surf ace . 

Thus, the deposit represents a substantial thickness of Muleshoe sediments. 

Walk about 34 m west to the exposure at Stop 3. 
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Figure 6 . 
and Stop 3 

Upper. Landscape view of the Muleshoe remnant at Stop 2 (right) 
(background, center). Photographed March, 1978. 
Lower. The Typic Ustipsarnment (Tivoli series) at Stop 2 . 

A thin deposit of Fairview age overlies the Al horizon formed in Muleshoe 
sediments. Scale is in feet. 
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STOP 3. ALFIC USTIPSAMMENTS OF THE LONGVIEW SURFACE; BURIED ARIDIC HAPLUSTALFS 

Stop 3 is on the west side of the active blowout (cover ; figs. 4, 7), 

where the north side of a Longview dune is exposed. Most of Longview 

time, 4,000 - 7,000 years B.P., falls within Series II time (S,000 - 15,000 

years ago, Melton, 1940). Wind directions of Series II dunes in Bailey 

County are shown as only a few degrees north of due east (Melton, 1940, 

fig. 29). Although the trend of the dune at Stop 3 is slightly north of 

due east, the Longview sediments are emplaced on a pre-Longview dune, 

as indicated by buried soils to be discussed. Thus, the apparent trend 

may be inherited from an older dune. Longview sediments have themselves 

been buried in many places by Muleshoe sediments. The available evidence 

suggests that Longview wind direction differed little from that of Muleshoe 

time, with a possible trend of a few degrees north of due east in some 

areas. 

A thin deposit of Fairview sediments (fig. 7) occurs on much of the 

ridge side. The underlying Al horizon is darker and, prior to development 

of the blowout, is thought to have extended continuously across the land

scape to Stop 1. Most clay bands below the Bl&Bt horizon are continuous 

and colored SYR 5/4, dry. The Bl&Bt horizon has two discontinuous clay 

bands, 2 to 5 mm thick. There are three bands, from 3 to 5 mm thick, 

in the B2&Bt horizon; four bands, from 1 to 3 mm thick, in the B22&Bt 

horizon; and five bands, from 1 to 2 mm thick, in the B23&Bt horizon. 

There are also scattered much thinner bands (<l mm thick) in all subhorizons 

of the B. The clay bands are thought to be pedogenic features as previously 

explained (Gile, 1979) and to be primarily illuvial in origin. The bands 

are well related to the soil-forming factor of age since they do not 

occur at all in the youngest soils (Fairview); are either absent, or are 



Figure 7. The Alfie Ustipsamrnent a t Stop 3 . A thin Fairview deposit at 
the surface rests on the soil of Longview Ilt with its Al horizon and 
underlying banded B horizon. The boundary be tween Longview II and the 
underlying Longview I sediments is just above the 5- foot mark. Scale i s 
in feet. Figure 8 enlarges the area around the hammer. 
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thin and discontinuous in the next older soils (Muleshoe); are thicker 

and continuous in the next older soils (Longview); and some are partially 

obscured by clay accumulation between bands in the next older soils 

(Birdwell II). 

The clay band horizon nearly meets the minimum clay increase (3%) 

required for sandy argillic horizons and the Psammentic Haplustalfs 

(table 3). The soil is located on the side of the dune, where clay bands 

are more numerous than they are upslope; and some of the bands are thicker 

than they are upslope. This suggests that some clay may have moved 

downslope in laterally moving water. Another factor is the discontinuity 

to the buried soil of Longview I (Fig. 7). Discontinuities would tend to 

retard the vertical downward movement of soil water and its suspended clay. 

The discontinuity at Stop 3 occurs at shallower depth than it does upslope 

and clay in the soil water would tend to be concentrated in a thinner 

zone. 

Still further downslope, the clay band horizon gradually comes 

closer to the surface and eventually disappears altogether, where it has 

been removed by erosion of Muleshoe time. 

The soil in Longview I is not much older than Longview II, judging 

from its weak B horizon, which has a few very thin clay bands. Buried 

horizons occur beneath Longview I sediments (table 3). Identification 

of Birdwell sediments must be considered tentative due to small size of 

the exposure. 
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Table 3. Character istics of the Alfie Ustipsamment (Circleback) at Stop 3, S78TX-17-J1' 

Particle size distribution 1 mm 

Sedi ment Horizon Depth Sand Silt Clay Tex- pl! Dominant 
tural dry 

2- 1 1- 0.5- 0.25- 0.1- 0.05- < class color 
0 . 5 0.25 0. 1 o.05 0.002 0.002 

ClU 
% 

Fairview c 0-20 0.7 7.4 73.3 14.8 2.2 1.6 fs 7.0 7.5YR 6/4 
Longview Al 20- 46 3.7 20 . 3 60.6 11.3 2.5 1.6 fs 7. 0 8YR 5. 5/3 

Bl&Bt 46- 66 0 . 2 13.0 27.4 46.2 6.9 1.9 4.4 s 7.0 7. 5YR 6/4 
B2l&Bt 66- 84 0 . 1 8.3 35.8 44.8 5.3 l. 7 4.0 s 6.8 5YR 6/4 
B22&Rt 84-101 0.3 16.l 33.6 40.6 4.8 1.0 3. 6 s 6.8 5YR 6/4 
R3&Bt 101- 127 0.1 14.l 37 . 9 38.4 5.2 1,5 2. 8 9 6.6 5YR 6/4 
Ab 
:Y 

127- 150 2.9 25 . 9 64.2 5.2 0.6 1.2 fs 6,6 7.5YR 6.5/4 

Longview I Ab 168- 218 f s 6.6 7,5YR 6. 5/4 
B2lb&Bt 218- 257 fs 6.6 7.5YR 6,5/4 
B22&Bt 257- 290 fs 6. 6 7,5YR 6. 5/4 
B3b 290- 315 fs 6.6 7.5YR 4/6 

Birdwell ? Bltb2&A2 315-330 fs 6.6 5YR 5/4 
B2tb2 330-386 fsl 6.4 5YR 5.5/4 

Hale A2b3&Bt 386- 424 fs 6 . 2 6YR 6.5/4 

! / Particle size rlistr ibution is by method 3Al (Soil Conservation Service, 1972). Intermediate hue 
designations indicate the closest hue, e . g., SYR indicates that the hue is between 7. 5YR and lOYR, but 
closer to 7. 5YR than lOYR. 

'l:_/ The horizons below were sampled from an earlier excavation , but near the profile shown in figure 7, 
and were not analyzed in the laboratory. Overall horizonation w4.s similar in both profiles. In addition 
to the colors given, there are subordinate col ors in these horizons: Bltb2&A2: 7,5YR 7/4, dry . A2b3&Bt : 
5YR 5/4, dry. 

The light- colored A2 .material i n the Bltb2&A2 hor izon occurs in 

intricate pattern etched into the Bt material (fig. 8) and appears to 

represent zones of clay stripping from the Bt material. The light-

colored A2b3&Bt horizon (near the bottom of the photograph, fig. 7, 

table 3) overlies a B2tb3 horizon. The latter horizon , which occurs 

below 424 cm and was not sampled, contains material with two textures. 

Zones of fine sandy loam occur between bands of sandy clay loam that 

range from about 1 to 5 cm thick. The clay bands are par tly obscured by 

clay accumulation between them. 

Wal k west to Farm Road 1731 . Not e exposures of Longview sedi ments 
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and the characterist~c soil with clay bands in roadcuts on the east side 

of the road. Proceed south, past the first gate on west side of road. 

Stop 4 is about 65 rn south of the gate, in the ridge crest west of the 

fence. 

Figure 8. Closeup of part of Figure 7. The light-colored areas around 
the lower part of the hammer are volumes of A2 material in the Bltb2&A2 
horizon. The B2tb2 horizon is in the lower part of the photograph. 
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STOP 4. PSAMMENTIC HAPLUSTALFS OF THE BIRDWELL SURFACE 

Stops 4 and 5 are on the west side of Farm Road 1731 (cover); Stop 

4 is just west of the roadside fence and Stop 5 is on the north end of a 

low, erosion-resistant outcrop of Roosevelt sediments at the edge of the 

road. Figure 9 summarizes soil classification, soil horizons and sediments 

at Stops 4-7. Note the similarity in thickness of Roosevelt sediments 

at Stops 5-7. 

The soil in Birdwell sediments (fig. 10, table 4) is in the crest 

of the dune. Sediments of Birdwell age (fig. 3) fall within the age 

range of Melton's Series II dunes (5,000 - 15,000 years ago). In the 

Bailey County Sandhills, wind direction of Series II dunes are shown as 

a few degrees north of due east (Melton, 1940, fig. 29). Birdwell 

sediments mark the first apparent departure from earlier wind directions 

in the study area. Dominant winds of Birdwell time are best shown in high 

dunes to the south, in the vicinity of Stops 8-14. Near Stop 4, the dune 

trends are less clear because Birdwell dunes are less prominent, and have 

been discontinuously buried by younger deposits. In addition, the dune 

at Stop 4 acts as a south rim to a blowout dune of Longview age, just 

east of Farm Road 1731. However, linear trends in the aerial photograph 

(cover) and occasional blowouts both east and west of Farm Road 1731, 

indicate winds from the southwest, heading in a direction of about 

N. 50° - 60°E. A small group of oak-covered ridges to the north (cover) 

is heading in the same general direction; sediments of Birdwell age are 

known to be in at least some of these ridges, although they are buried 

in many places by discontinuous deposits of Longview and Muleshoe age. 

Note the long and distinct linear feature with a direction of about 

N. 50° E. just south of this stop (cover). It is not known whether this 
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Figure 9. Sunnnary of soil classification, soil horizons and sediments at 
Stops 4-7. Horizon designations are generalized, The soils at Stops 6 and 7 
were overlain by Birdwell sediments before Farm Road 1731 was built . No 
horizontal scale. 

Figure 10. (Opposite· page) Upper. Landscape at Stop 4 (beyond fence 
and spoil pile at left} and Stop 5 (foreground, right). View is to the 
west. 

Lower. The Psammentic Haplustalf at Stop 4. Clay bands can be 
faintly seen at left of tape. Scale is in feet . 
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Table 4. Characteristics of soils at Stops 4 and sJ:.I 

Value? chroma Tex- Struc- Dry Lower 
Sediment Horizon Depth, Hue Dry Moist tu re tu re cons is- boundary 

cm tence II 

Stol! 4. Psammentic Ha2lustalf on crest of dune1 west of road f ence 
Birdwell Al 0-24 7.5YR 5/4 3.5/4 fs m s 7. 4 

Blt 24-39 5YR 5/4 4/4 fs m sh 7.4 
B2t 39-63 4YR 5/5 4/5 lfs m h 7.2 
B3lt 63-90 4YR 5/5 4/5 fs 1!I sh 7.0 
B32t 90-154 5YR 5/5 4/5 fs m s,sh 7.0 
c 154-184 7.5YR 6/4 4.5/4 fs 10 s 7.0 

StOI! 5. Aridic Hafluatalfa near edse of road 1 east of road fenc~/ 
Roosevelt B2t 0-18 4YR 5/5 4/5 hv.fsl lcpr- vh 6. 6 cs 

lmsbk 
BJlt 18-29 5YR 5/5 4/5 fsl lcpr vh 6. 8 cw 
B32t 29-52 5YR 5.5/5 4.5/5 lt.fsl lcpr h 6.8 cw 
B33t 52-75 5YR 6/6 4.5/6 lfs t:l h 6. 8 CW 

Hale A2b 75-97 6YR 6/4 5/4 fs m sh 6.8 ci 
R2ltb 97-136 2.5YR 5/6 4/6 lt. scl lcpr- vh 6.6 cw 

lcsbk 
B22tb 136-168 2,5YR 5/6 4/6 scl lcpr- vh 6.6 cw 

lcsbk 
B3ltb 168-201 2.5YR 5/6 4/6 fsl m h,hv 6.8 CW 

B32tb&Bt 201-240 5YR 6/6 5/6 fs DI s,h 6.8 as 
B33tb&Bt 240-280 2,5YR 5/6 4/6 fs DI s,sh 6.8 cs 
Cb 280-295 6YR 7/4 4.5/4 fs m s 6.8 

1/ Subordinate colors and other properties for individual horizons are footnoted to pertinent soils. 

~/ B32tb&Bt: clay bands range from 1/2 to l 1/2 cm thick, and are separated by zones of interband 
material 5 to 10 cm thick. B33tb&Bt: clay bands 1 to 5 DDD thick. 

is of Birdwell age or if it is inherited from an earlier time. This 

feature should be studied further. 

The soil at Stop 4 illustrates a sandy argillic horizon and the 

Psamrnentic Haplustalfs. A small part of the Bt horizon in the north end 

of the trench has texture of fine sandy loam but most is a loamy fine sand, 

and the control section averages sandy. Texture and r eddening in the Bt 

horizon indicates some illuviation of clay to about 150 cm, and the Bt 

horizon grades into C horizon material at about that depth all along 

the cut. Clay bands are best expressed in the B2t horizon, in the center 



and south edge of the pit. Usually there are two bands about 1 cm thick; 

in places they merge into one. The bands are only faintly visible because 

they are partly obscured by clay accumulation between them. The clay 

bands are best seen in full sunlight. 

Cross the fence and walk north about 10 m to Stop 5, near the edge 

of the road. 
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STOP 5. ARIDIC HAPLUSTALFS OF THE ROOSEVELT AND HA.LE SURFACES 

Figure 11 shows the soils at Stop 5. Two soils -- one of Roosevelt 

age and the other a buried soil of Hale age (table 4) -- are at Stop 5. 

Both soils are coarse-loamy Aridic Haplustalfs. Sighting from the dune 

west of the road indicates that the Roosevelt sediments were about at the 

land surface on the side of the dune before Farm Road 1731 was built. 

The Bt horizon of Roosevelt sediments grades downward into coarser 

material (table 4), and it could be argued that the latter is C horizon 

material (of a post-Hale deposit) in which the Bt horizon formed. 

However, several factors strongly suggest that the coarser material may 

represent the lower part of an A horizon on which loess was deposited. 

(1) Strata have not been observed in the coarser material. Lack of 

strata would agree with an A horizon interpretation since strata tend 

to be obliterated during pedogenesis. (2) Thickness of the coarser 

material and the overlying Roosevelt sediments over long exposures is 

more uniform than is generally the case for dune deposits in the Sand

hills (see also the exposures at Stops 6 and 7). (3) The coarser 

material overlies a thick Bt horizon of Hale age (fig. 11), and could 

represent an A horizon associated with it. (4) The Bt horizon in 

Roosevelt sediments is remarkably regular and uniform in thickness. 

(5) The Bt horizon in Roosevelt sediments has more silt than the under

lying coarser material, as would be expected of loess - affected 

sediments. (6) Loess (Peoria ?) has been reported near the area discussed 

in this report (Reeves, 1972, 1976). 

Mixing of loess and a sandy A horizon would explain the common 

sandy clay loam or heavy fine sandy loam texture of the Bt horizon, 

instead of silty textures characteristic of loess. Roosevelt sediments 
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Figure 11. The Aridic Haplustalfs at Stop 5. Dark line locates isolated 
reddish zone, not sampled; light-colored A horizon material occurs on both 
sides of the reddish zone. The pedon was sampled to the right of the 
tape. Scale is in feet. 
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may therefore contain material of Hale age. The boundary between the 

remaining A horizon and the overlying Roosevelt sediments is difficult 

to determine exactly, and some illuvial clay associated with the Bt 

horizon in Roosevelt sediments may be present in the underlying A2b 

horizon. 

Occasional reddish zones alternate with A horizon material above the 

B2t horizon of Hale age (fig. 11). Texture of the reddish zone is 

fine sandy loam and it has a fabric typical of Bt horizons of the area. 

Another reddish zone also occurs on the north end of the study trench, 

beyond the area shown in figure 11. An argument that must be considered 

is whether the parts between the reddish zones represent a minor cycle 

of pre-Roosevelt cutting and filling. In places, however, the reddish 

zones are underlain by sandy material similar to that between them (see 

Stop 6). This and their regular occurrence (Stops 5 and 6) suggest 

that they may have formed in another manner. The reddish zones are 

thought to be remnants of a once-continuous Blt horizon from which parts 

were gradually removed by long-continued clay stripping (see also Stops 

3 and 7). The morphological contrast between the l eached and unleached 

zones may once have been more prominent (see Stop 7), but then may have 

been rendered less so by clay illuviation from overlying Roosevelt sediments. 

The Bt horizon in Hale sediments is thicker and finer than in Bt 

horizons in Birdwell sediments; this would be expected in a horizon that 

formed partly in a pluvial . The relatively low pH and absence of carbonates 

throughout the thick Bt horizon of Hale sediments (table 4) also suggest 

that more abundant moisture was available for leaching to substantial 

depths . The clay in the Bt horizon is thought to have been derived 

largely from the atmosphere, as dust storms must have occurred at various 
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times during the development of the soil. 

The clay bands in the lower part of the Bt horizon of Hale age 

(fig. 11) are thought to have formed early in soil history. After 

development, the bands were apparently isolated and preserved because of 

clay accumulation higher in the profile. The latter may be due to gradually 

decreasing infiltration rates caused by continued clay accumulation in 

the Bt horizon. 

Augering below the trench bottom showed light-colored fine sand to 

continue to a depth of about 7.2 m, with mottles in the lower part of 

the augered zone. A mottled fine sandy loam extended from about 7.2 

to 7.7 m. 

Proceed south about 115 m to Stop 6, in a roadcut just north of a 

large depression, on the east side of Farm Road 1731 (cover). 
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STOP 6. BURIED ARIDIC HAPLUSTALFS OF THE ROOSEVELT AND HA.LE SURFACES 

Figure 12 shows the landscape and buried soils at Stop 6. The top 

of Roosevelt sediments forms an erosion - resistant zone along the road

cut. Sighting from the roadcut indicates that the sampled horizons were 

once overlain by about 2 m of Birdwell sediments (table 5). 

Dune patterns in this area during Birdwell time (cover) appear to 

be about the same as for Stops 4 and 5. Although Hale sediments are near 

the surface on the margins of the dune, directions of sand-moving winds 

in Hale time are not apparent, and have not been observed in the vicinity 

of Stops 5 - 15. The reason for absence of apparent trends in Hale time 

is the sparcity of Hale sediments at the surface: although they are common 

in buried position, they are generally absent where not protected by a 

covering of Birdwell sediments. Apparently, strong winds of Birdwell time 

removed most interdune sediments of Hale age. However, Girdner et al. (1963) 

report substantial areas of soils with morphology similar to that of soils 

of Hale age outside the Sandhills as discussed earlier. Examination of 

some of these areas might reveal the dominant direction of winds during 

Hale time. 

Note the abrupt, prominent contact of Birdwell sediments on Roosevelt 

sediments. This is thought to be the 13,000 years B.P. contact noted 

earlier, and the overlying sediments are considered to be Birdwell I. 

Similar contacts have been observed in high dunes to the south (see 

Stops 8, 9, and 13). 

Discontinuous reddish zones, similar to those at Stop 5, occur in the 

soil of Hale age. The study trench is longer here than at Stop 5 and more 

of them are exposed (fig. 12). Another reddish zone is on the north edge 

of the trench beyond the area shown in figure 12. Some of the Blt remnants 



Figure 12. 
sediments, 

Upper. Landscape at Stop 6. The fence pos ts are in Birdwell 
which overlie Roos evelt sediments (see below) . 

ments. 
sampled 

Lower. Buried Aridic Haplustalfs in Roosevelt and Hale sedi 
Dark lines locate discontinuous r eddish zones . The pedon was 
to the righ t of the tape . Scal e is in f ee t . 
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Table 5. Characteristics of buried Aridic 

Value/chroma Tex-
Sediment Horizon Depth Hue Dry Moist tu re 

cm 

c2.0m>.Y 
Roosevelt B2tb 0-12 4YR 5/4 3.5/6 hv.fsl 

B3ltb 12-31 5YR 5/4 -4/4 fsl 
B32tb 31-50 5YR 5/4 4/4 lt.fsl 
B33tb 50-74 4YR 6/4 4/4 lfs 

Hale A2b2 74-89 5YR 6/6 4.5/6 fs 
Bltb2&A2 89-110 2.5YR 5/6 4/6 lt.fsl 
B2tb2 110-150 2.5YR 5/6 4/6 fsl 
B3ltb2 150-253 2.5YR 5/6 4/6 fsl 
B32b2&Bt 253-270 5YR 6/6 5/6 sand 

Haplustalfs at Stop 6 !/ 

Struc- Dry 
ture consis· 

tence H 

lcpr- vh 6.8 
lcsbk 
lcpr h 7.0 
m h 7.2 
m sh,s 7.2 
m sh 7.2 
m sh,h 7.0 
lcsbk vh 7.0 
lcsbk h 7.0 
m s,sh 6.8 

Lower 
boundary 

cs 

cs 
cw 
cw 
cw 
cs 
cw 
cw 

!/ Subordinate colors and other characteristics follow. Bltb2&A2: properties given are those of the Bt 
part of the horizon; the A2 part not sampled. B32b2&Bt: clay bands 2.5YR 5/6, dry. 

'1/ Meters in parenthesis are approximate distances (to the nearest 1/2 meter) below the land surface by 
sighting from undisturbed cut on east edge of road, and represent the approximate thickness of Birdwell 
sediments that once must have overlain the sampled horizons. 

are discontinuously separated from the B2t horizon by underlying zones of 

fine sand (cf. area of tape, fig. 12). This appears to reflect clay 

stripping and lateral movement of soil water along the top of the B2t 

horizon. 

Augering below the bottom of the trench showed a substantial thickness 

of sand below 270 cm. Then clay increases and a noncalcareous fine sandy 

loam occurs about 7 m below the top of the Roosevelt sediments. The material 

is reddish brown, has a fabric typical of Bt horizons, and is thought to 

represent a buried Bt horizon. A mottled fine sand occurs at a depth of 

about 9 m. 

Proceed south about 260 m to Stop 7, the first roadcut south of 

the large depression, on the east side of Farm Road 1731 (cover). 
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STOP 7. BURIED ARIDIC HAPLUSTALFS OF THE ROOSEVELT AND HALE SURFACES; 

FIRST APPEARANCE OF CARBONATES 

Figure 13 shows the roadcut and buried soils in the trench. Sighting 

from the roadcut indicates the sampled horizons (table 6) were once over

lain by about 1 m of Birdwell sediments. 

The site is a good exposure of the Roosevelt sediments, which form an 

erosion-resistant zone for a long distance along the cut. A and Blt horizons, 

not observed in Roosevelt sediments elsewhere, are also present (table 6). 

The discontinuous reddish zones found below Roosevelt sediments at Stops 5 

and 6 were not found at Stop 7. On the north end of the trench (fig. 13), 

light-colored A2 horizon material like that discussed at Stop 3 (fig. 8) 

occurs on the edges of prisms in the Hale Bt horizon. This indicates 

leaching and clay stripping, and appears to be a localized downward 

extension of the overlying A2. Although C horizon material is not present, 

silicate clay content does decrease with depth as is typical of Bt horizons 

in the area, and clay bands occur in the lower part of the Bt horizon 

(table 6). 

Bt horizons of Hale age at Stops 7, 8, 11, 12, 13, and 15 have a subhori

zon of sandy clay loam, thus are finer-textured than at Stops 5 and 6 to 

the north. Because of the scarcity of soils of Hale age at the land surface 

in the study area, it is not known whether this southward increase in clay 

is an expected regional characteristic of these soils, or whether it is a 

north-south trend due to an increase in clay in the parent materials or 

in clay from the atmospheric additions. 

Augering below the bottom of the trench showed a calcareous heavy 

sandy clay loam, with a few carbonate nodules, at a depth of 3.7 m. A 

noncalcareous fine sandy loam was encountered at a depth of 4.6 m and a 

high-carbonate K horizon at 6.2 m. Horizons between 310 cm and 3.7 m 
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Table 6. Characteristics of bur ied Aridic llapl ustalfs at Stop 7!/ 

Value/chroma Tex- Struc- Dry Lower 
Sediment !!or hon Depth Hue Dry Moist tu re tu re cons is- boundary 

cm H 

(l .Om).Y 
Roosevelt A2b 0-20 SYR S.5/4 4/4 fs m sh 7.0 cs 

Bl t b 20-29 5YR 5.5/6 4/6 fs m sh 7.0 as 
B2tb 29-39 4YR S/6 3.5/6 fs l lcpr- h 7.0 cs 

lcsbk 
B3ltb 39-56 5YR 5/6 3.5/6 fsl lcpr- sh 7.0 cs 

lmsbk 
B32tb 56-75 6YR 6/4 4/4 lfs m sh 6.8 cs 

Hale A2b2 75-86 7Yll 6.5/4 4.5/4 fs m sh,s 6.8 cs 
Blltb2&A2 86-112 5YR 6/4 4.5/4 lt.fsl lmsbk h 6.8 cw 
Bl2tb2 112-122 SYR 6/4 4.5/4 fsl lmsbk h 6.8 CW 

B2ltb2 122-162 2. 5YR 5/6 4/6 scl lcpr- vh 7.0 cw 
lmsbk 

B22tb2 162-225 2.5YR 5/6 4/6 hv.fsl lcpr- vh 7. 2 cw 
lmsbk 

B3ltb2 225-276 2. 5YR 5/6 4/6 hv.fsl lmsbk vh 7. 2 cw 
B32tb2 276-306 2. 5YR 5/6 4/6 fsl lmsbk h 7. 0 CW 

B33tb2 306-339 3YR 5/6 4/6 lfs lc,msbk h,sh 7.0 cw 
Curry B2tb3 339-359 5YR 6/4 5/4 scl lmsbk vh 7.0 

1/ Subordinate colors and other characteristics follow. Blltb2&A2: parts 7YR 6.5/4, dry . B2tb3: parts 
2 . 5YR 6/4, dry; has some black filaments and spots. B33tb2: has clay bands . 

~/ Meters in parenthesis are approximate distances (to the nearest 1/2 meter) below the land s urface by 
sighting from undis turbed cut on east edge of road, and represent the approximate thickness of Birdwell 
sediments tha t once mus t have overlain the sampled horizons. 

depths fall within the range of Curry time, and the K horizon is considered 

to be of Bailey age (fig . 3). The upper few cm of the K horizon were 

penetr ated with the auger, but not the underlying indurated material . 

Proceed south about 395 m to Stop 8, a roadcut on the east side of 

Farm Road 1731 (cover ). 

Figure 13. (Opposit e page). Upper . Landscape at Stop 7. Note the erosion
resistant zone of Roosevelt sediments on edge of road. The fence posts are 
in Birdwell sediments that overlie the Roosevelt sediments. 

Lower. Buried Aridic Haplustalfs at Stop 7. Scale is in feet . 
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STOP 8. BURIED ARIDIC HAPLUSTALFS OF THE HALE SURFACE; BURIED K HORIZONS 

Figure 14 summarizes soil classification, soil horizons and sediments 

at Stops 8, 9, 11, 12, and 13. Figures 15 and 16 show the landscape and 

soil at Stop 8. Sighting from the roadcut indicates that the sampled 

horizons (table 7) at Stop 8 were once overlain by about 3 m of Birdwell 

sediments. 

This dune (fig. 15, cover) is just east of a large blowout. A number 

of dunes in this general area indicate different directions of winds in 

Birdwell time. Sediments of the high dune just east appear to have been 

deposited from winds moving across the blowout from the west. Additional 

evidence of strong westerly winds is shown at Stop 9. 

Roosevelt sediments are not apparent. They may once have been present, 

but if so, were later swept away by strong winds of Birdwell time. Evidence 

discussed at Stop 9 suggests that the latter might have been the case. 

The soil at Stop 8 (fig. 16) is ·an Aridic Haplustalf. The buried 

horizons in Hale sediments are similar to those at Stops 5, 6 and 7. 

However, there is an important difference in the profile as a whole: the 

prominent K horizon in the lower part of the study trench (table 7, fig. 16). 

Soils of Hale age could have some pedogenic carbonate (as suggested by 

Stop 14, discussed later) if carbonate was in the parent material. However, 

the amount of carbonate in the K horizon at Stop 8 is so great that a 

question arises as to whether the K horizon may not be part of a much 

older soil that was strongly eroded by wind and then buried. If this is 

so, then undulations in the top of the K horizon (fig. 16) may represent 

eolian grooves. However, another factor must be considered. 



Figure 14. Summary of soil classification, soil horizons and sediments at Stops 8, 9, 11, 12, and 13. 
Horizon designations are generalized. All soils were overlain by Birdwell sediments before Farm Road 1731 
was built. Vertical arrows designate the top of the uppermost soil that is classified. No horizontal 
scale. 

~ 
\Jl 



Figure 15. Upper. Landscape of roadcut in Birdwell sediments of the dune at Stops 8 and 9, photographed 
October, 1974. View is to the east. Stop 9 is just to the left of the area shown. 

Lower. The same r oadcut photographed March, 1976. The study trench at Stop 8 is just 
beyond the spoii piie. Aii exposed sediments are of Birdweii age . 

.$:"' 

°' 



Figure 16 . Buried Ari dic Haplustalf at Stop 8 . Note the abrupt upper 
boundary and undulations in t he top of the K horizon , below the 6 foot 
mark. Scale is in feet, 

47 
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Table 7. Characteristics of buried Aridic Haplustalfs at Stops 8 and ~/ 

Value/chroma Tex- Struc- Dry 
Sediment Horizon Depth, Hue Dry Moist tu re tu re cons is- plf!/ 

cm tence 

Stop 8 
(3.0m).1/ 

Birdwell c 0-32 5YR 5/6 4/6 lfs ID 8 8.0 
Hale A2b 32-56 5YR 6/4 4.5/4 fsl lmsbk sh 8.0 

Bltb 56-75 4YR 5/6 4/6 fsl lcpr- vh 8.0 
lcsbk 

B2tb 75-109 2.5YR 5/6 4/6 scl lcpr- vh 7.8 
lcsbk 

B3ltb 109-145 2.5YR 5/6 4/6 lt.scl lcpr h 7.8 
B32tb 145-185 4YR 5.5/5 4/5 fsl lmsbk sh 7.2 

Bailey K2b2 185-240 7.5YR 8/3 7/4 scl lmsbk sh,h,vh es 

Stop 9 !!.! 
Birdwell c 0-80 (not sampled) 
Hale B22b 80-llO 2.5YR 5/6 4/6 fsl lcsbk h 7.2 

B23tb ll0-138 2.5YR 5/6 4/6 fsl lcsbk h 7.4 
B3tb 138-169 2.5YR 5/6 4/6 lfs lcsbk sh 7.4 
Cb 169-210 5YR 6/5 4.5/5 fs m s 7.4 

Bailey BtcRb2 210-240 5YR 5.5/5 4.5/5 lt.scl lcsbk vh nc,e 
Kb2 240-250 5YR 8/3 7/4 scl lcsbk h,vh es 

'J::./ Other characteristics are footnoted to pertinent soils. 

±:/ Or effervescence with HCl. Horizons for which pll is given are noncalcareous. 

Lower 
boundary 

as 
cw 
cw 

cw 

CW 
aw 

3/ Meters in parenthesis are approximate distances (to the nearest 1/2 meter) below the land surface by 
sighting from undisturbed cut on east edge of road, and represent approximate thickness of Birdwell sedi
ments that once must have overlain the sampled horizons. 

4/ Btcab2: a few carbonate filaments and ped coatings; noncalcareous between visible carbonate accumu
lations. Kb2: filaments and coatings of 7.5YR 9/2, dry; very few parts 5YR 6/3, dry. 



In many arid regions, lows in the microrelief of tops of K horizons are 

the lower boundaries of funnel-shaped pipes (Gile et al., 1966) that have 

formed in the same soil as the K horizon. Pipes are also known to occur 

extensively in semi-arid regions, including this study area. Further 

study is needed to differentiate between true pipes and undulations that 

may have been formed by wind erosion and then buried. Evidence to be 

presented at Stop 9 indicates that the K horizon at Stop 8 was indeed 

eroded and then buried by a younger deposit. 
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Another factor should be considered in determining the chronology of 

this pedon. In arid regions of southern New Mexico, the lower parts of 

formerly thicker argillic horizons in many soils have been engulfed by 

prominent carbonate accumulations (Gile et al., 1966). Inthesesituations, 

the bulge in the silicate clay curve extends well into the carbonate 

horizon. At Stop 8, the silicate clay maximum in the Bt horizon is well 

above the top of the carbonate horizon, and this would not conflict with 

the presence of a younger deposit above it. However, more work is needed 

on the chrono-morphologic relations between these two horizons in semi

arid regions such as this study area. 

Walk north about 40 m to Stop 9, on the north edge of the dune. 
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STOP 9. A DEEPLY TRUNCATED ARIDIC HAPLUSTALF OF THE HALE SURFACE 

The study trench at Stop 9 (figs. 15, 17) is on the north edge of 

the dune. The Birdwell-Hale contact (fig. 17) shows that winds of Birdwell 

time cut deeply into the Bt horizon of Hale age. The north-south exposure 

in the trench and the high Birdwell ridge to the east suggest that the 

cut was made by strong westerly winds. The Bt horizon of the soil of Hale 

age is underlain by sand C horizon material that has buried a Bt and K 

horizon (table 7). This is conclusive evidence that the K horizon at Stop 

8 was formed in a soil olcer than Hale. A study trench connecting Stops 

8 and 9 would shed light on the character of the transition between the 

Hale and Bailey sediments. 

The K horizon is now at the surface to the southwest (light spots 

west of the road; see cover), and may once have been overlain by Hale 

sediments that were removed by winds of Birdwell time. Hale sediments 

are very common in buried position, suggesting that they might once have 

been extensive at the surface during Hale time. 

Proceed south about 240 m then west to Stop 10, in a soil moisture 

exclosure about 50 m west of Farm Road 1731 (cover). 



Figure 17 . Upper . Landscape at Stop 9, on north edge of dune (fig. 15). 
Top of hammer locates lower photograph . 

Lower . Contact of Birdwell sediments on Hale sediments . Wind 
and sand of Birdwell time deeply cut the soil of Hale age. Site of sampling 
(table 7) indicated by arrow. 
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STOP 10. ARIDIC HAPLUSTALFS OF THE BAILEY II SURFACE 

Figure 18 summarizes soil classification,soil horizons and sediments 

at Stops 10, 14 and 15. Figure 19 shows the soil and landscape at Stop 

10. 

Dune development and direction of sand-moving winds in Bailey II 

time are not readily apparent from the present landscape because of pro-

minent deposits since that time. The slope at Stop 10 is 1 percent to 

the northwest, and strong winds that formed dunes in Bailey II time may 

have come from that direction; Bailey II and Bailey sediments underlie 

Hale sediments at Stops 11-13, to be discussed. The age of Bailey II 

sediments falls within Series III time of Melton (1940) of more than 15,000 

0 years ago, with a wind direction of S. 70 E. Reeves (1965) found a wind 

direction closely corresponding to that of Melton, with a mean wind 

direction of S. 60° E. for Series III dunes. Regional significance of 

winds from both northwest and west is shown by the occurrence of wind-

blown sediments to the east and southeast of numerous playas near the 

Sandhills (Girdner et al., 1963). Although age of these deposits was not 

indicated, their occurrence near playas over a wide area indicates the 

significance of winds from these directions. 

Bailey sediments, deeply buried at Stops 8 and 9, are at the land 

surface at Stop 10. However, this area is thought to once have been over-

lain by Hale sediments that· were eroded in Birdwell time, to form the 

upper part of high dunes to the east. 

The boundary between the silicate clay and carbonate accumulations is 

not abrupt as is the case at Stop 8 (fig. 19, table 8). Also, the silicate 

clay maximum is not well above the carbonate but extends into it and is 

partly engulfed by it. This suggests that both accumulations may have 
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·Figure 18. Upper. Sketch of cross section from Stops 10 to 15, west of 
Farm Road 1731. Birdwell sediments continue southward from the high dune 
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to Stop 15 and possibly beyond. Bailey sediments also had dune form, 
indicating that the dune started to form in mid-Pleistocene time or earlier. 
No scale. 

Lower. Summary of soil classification, soil horizons and 
sediments at Stops 10, 14 and 15. Horizon designations are generalized. 
No horizontal scale. 
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Figure 19. Upper. Landscape at Stop 10, in a large blowout. The soil 
is in an exclosure for soil moisture study. View is to the north, 

Lower. The Aridic Haplustalf at Stop 10. The prominent 
light-colored horizon is the K horizon. Scale is in feet. 
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Table 8. Data for the Aridic Hapluatalf at Stop 10, S75TX-17-J!I 

Particle size dietribution1 ... 
Sediment Horizon Depth Sand 

Silt Clay Car- Or- Ext. Bulk pH Tex- Dom-
bonate ganic Pe den- tural inant 

2-1 1- 0.5- 0.25- 0.1- 0.05- < < < < c aity claea dry 
0.5 0.25 0.1 0.05 0.002 0.002 0.0002 2 0.002 color 

C1" x g/cc 

Bailey II Al 0-5 .1 3.3 9.1 39.9 26.S 12.9 8.2 .6 1 0 .67 . 4 8.1 fal 7.5YR 5/3 
Ill 5-19 er 2.7 R,8 39. 7 27.6 9.3 11.9 5.1 6 0 .52 .3 1,60 8.1 fal 7.5YR 5/3 
B2tca 19-42 .6 4.9 10.9 30.5 19.6 14.2 19.3 7.7 14 3 .15 .2 1.64 8.2 acl 5YR 5/6 
K21 42-65 . 4 4.1 8,4 21.l 13.7 26.5 25.8 5.4 43 15 .06 .2 1.75 8.1 scl 7.5YR 9/4 
Y.22 65-94 2.2 5.7 7,4 19.2 13.8 25. 8 25,9 4.8 47 16 . 01 .2 1. 78 8.3 acl 7.SYR 9/4 
K31 94-133 .3 4.6 11.6 34.1 20.2 12.7 16.5 6.6 10 2 .01 .3 1.69 8.3 scl 7.5YR 6/4 
K32 133-161 .3 4.4 11.Z 33.6 20.2 15.1 15.2 4.R 15 3 .04 .2 1.83 8.3 scl 5YR 6/4 
K33 161-181 .7 5.6 12.2 38.l 19.2 11.8 12.4 3.0 9 2 .05 .2 1.75 8.2 acl 7. 5YR 7/4 
Bea lRl-197 .1 3.6 10.1 40.6 20.6 5.4 19.6 9.0 1 0 .02 .3 1.78 8.1 fal 7.5YR 7/4 

Bailey I Bltcab 197-224 . 4 4.0 9.1 36.3 16.9 6.3 27.0 12.2 5 0 .04 .3 1. 70 8.1 scl 5YR 6/6 
B2ltcab 224-250 .7 4.1 9,4 33.8 17.5 6.4 28.l 13.7 7 0 .03 . 3 1,91 7.8 eel 5YR 5/4 
B22tcab 250-286 .5 4.0 9. 1 34.7 19.2 6.7 25,8 11.6 4 0 .02 .4 1. 77 8. 1 eel 5Yll 6/6 

1/ Particle-size distribution is by method 3Al (Soil Conservation Service, 1972); organic carbon, method 6Ala; extractable Pe, 
iDethod 6C2b; bulk density, 10ethod 4Alh; pll, method 8Cla (1 : 1 l!iO), 
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formed in parent materials of the same age. Carbonate in the upper part 

of the carbonate horizon is thought to be younger than in the lower, 

partly because of carbonate illuviation higher in the soil as the horizon 

below gradually became less per.vious due to accumulated carbonate and clay. 

A shift to the drier climate at the end of the Tahoka pluvial may also 

have been a factor since lower effective moisture would cause carbonate 

accumulation at shallower depths. 

This soil does not meet the clay distribution requirements of the 

Paleustalfs, since the clay decreases by more than 20 percent of its 

maximum within 1.5 m of the surface (table 8). Carbonate clay is included 

in the clay data shown in table 8; when carbonate clay is excluded, as it 

must be (Soil Survey Staff, 1975; Guy D. Smith, personal communication, 

January 1981), the pedon fails the requirements for Paleustalfs by an even 

wider margin. These requirements would seldom be met in K horizons 

because of the diluent effect of carbonate on silicate clay. 

The K horizon has substantially less carbonate than in soils of 

Bailey I age (~ee Stop 15). Since the buried Bt horizon is older than 

Bailey II (table 8), it is grouped with Bailey I. However, the character 

of horizons beneath the buried Bt horizon is not known. The buried Bt 

horizon may have formed in an isolated deposit late in Bailey I time; 

later, it could have been buried and preserved by Bailey II sediments. 

This could be a major reason for the prominentmorphologicaldifference 

from older soils of Bailey I (fig. 3). Although the buried Bt horizon 

contains a small amount of carbonate (table 8) it occurs as occasional 

downward extensions from the soil of Bailey II, and the Bt material between 

these downward extensions is noncalcareous. Clearly, the Bt horizon was 

noncalcareous before it was buried by sediments of Bailey II. 



Return to Farm Road 1731. Proceed south about 45 m to Stop 11, in 

a roadcut on the east side of Farm Road 1731 (cover). 
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STOP 11. BURIED ARIDIC HAPLUSTALFS OF THE HALE SURFACE; BURIED K HORIZONS 

Stops 11 - 13 (cover; fig. 20) are at the base of a roadcut in one of 

the highest dunes in the area. The buried sediments and soils show that 

a distinct dune was already present (in both Hale and Bailey time) before 

Birdwell sediments were deposited. Although more evidence is needed, a 

strong wind early in Bailey II time may have come from the northwest. 

Wind directions in Birdwell time will be discussed at Stop 14. 

Sighting from the roadcut indicates that sampled horizons at Stops 

11-13 (table 9) were once overlain by about 2.5, 3.0 and 4,5 m of Birdwell 

sediments respectively. Clearly, deposition of Birdwell sediments greatly 

steepened the dune and added considerably to its height. 

Stop 11 (fig. 21) is beneath the north-sloping side of the dune. 

Roosevelt sediments are not present, possibly because of the sideslope 

position. The K horizon of Bailey II age is at shallow depth, and Stop 

11 continues a trend apparent by comparison of Stops 7-9 -- a gradual 

thinning of Hale sediments to the south. A reason for this may be the 

concomitant rise of the erosion - resistant K horizon toward the land 

surf ace. This would tend to reduce the amount of material readily avail

able for erosion. The silicate clay maximum is above the K horizon, 

instead of extending into it; and the boundary between the K and the Bt 

horizon is abrupt and undulating. As at Stop 8, the K horizon is thought 

to have been strongly eroded by wind and then buried by Hale sediments. 

Hale sediments have more carbonate than at other stops. This may be 

due to more carbonate in the parent materials and/or shallowness of the 

buried K horizon. The latter would tend to slow downward movement of the 

wetting front. Increased slope, which would increase runoff, could also 

be a factor. Precise identification and boundaries of sediments below 



Figure 20. Upper. Landscape of roadcut in Birdwell sediments of the dune at Stops 11-13, photographed 
October, 1974. View is northeast. 

Lower. The same roadcut photographed March, 1976. Stops 11-13 are on the far (east) side 
of the road, from left to right, in order. 

U1 
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Table 9. Characteristics of buried Aridic Haplustalfa at Stops 11, 12, and ii!/ 

Value/chro- Tex- Struc- Dry 
Sediment Horizon Depth, Hue Dry Hoist tu re tu re cons is-

Cbl tence 

Sto2 11 l/ 
(2.5111)!!,/ 

Hale B2tb 0-26 2.5YR 5/6 4/6 scl 2cpr- eh 
lcsbk 

B3ltcab 26-47 2.5YR 5/6 4/6 lt.scl lcpr- eh,vh 
lcsbk 

B32tcab 47-59 2.5YR 5/5 4/5 lt . scl lcpr- eh,vh 
lcsbk 

Bailey II K2b2 59-116 5YR 7/4 5/4 scl lmsbk eh,vh 
K3b2 116-164 5YR 9/3 7/3 scl lmsbk eh,vh 

BAiley Btcab3 164-204 5YR 6/4 5/4 hv.fsl lmsbk vh 

Kb3 204-246 5YR 9/3 7/3 scl lmsbk vh 
Bailey Bcab4 246-272 5YR 6/5 5/5 fsl bl sh 

Bcab4 272-290 5YR 6/5 5/5 fsl m sh 

Sto2 i'J2./ 
(3.0m)!!,I 

Roosevelt B2ltb 0-7 5YR 5/4 4/4 bv.fsl lcpr- vh 
lcsbk 

B22tb 7-25 7.5YR 5/4 3.5/4 fsl lcpr- vh 
lcsbk 

Hale ? A2b2 25-46 6YR 5.5/4 4/4 fsl lcpr- vh,h 
lcsbk 

Bltb2 46-60 5YR 5.5/5 4/5 fsl lmsbk h 
B2tb2 60-114 2.5YR 5/6 4/6 scl lmsbk vh 
B2ltcab2 114-143 2.5YR 5/6 4/6 scl eh 

B22tcab2 143-179 'IYR 5/6 4/6 scl eh 
Bailey Kb3 179-220 5YR 6/4 5/4 scl eh 

Sto2 i'J!/ 
(4.5m).~/ 

Birdwell c 0-60 5YR 5/6 4/6 lfs m s 
Roosevelt B2tb 60-90 5YR 4/5 3/5 lt.scl lcpr- h 

lmsbk 
Hale ? Bltb2 90-108 4YR 4.5/6 3. 5/6 hv.fal lcpr- h 

lc,msbk 
B2tb2 108-143 2.5YR 4.5/6 3.5/6 lt.scl 2cpr- vh 

lmsbk 
B3ltb2 143-202 2.5YR 5/6 4/6 hv.fsl lcpr- h 

lcsbk 
B32tcab2 202-241 2.5YR 5/6 4/6 fsl lcpr h 

Bailey Kb3 241-260 5YR 6.5/4 5/4 hv.scl lmsbk h,sh, 
vh 

ll Subordinate colors and other characteristics are footnoted to pertinent soils. 

1:./ Or effervescence with HCl. Horizons for which pH is given are noncalcareous. 

1¢/ 

8.0 

nc,es 

nc,es 

es 
es 
e,es, 
nc 
es 
es 
e 

8.o 

8.o 

8.o 

8.2 
8.2 
nc,e, 
es 
nc,e 
es 

7.0 
6.8 

6.8 

6.8 

6.8 

nc,e 
es 
es 

Lower 
boundary 

cw 

cw 

CV 

cw 
cw 
acw 

cw 
cw 

as 

as 

CV 

CV 

ci 
CV 

·cv 

as 
cw 

CW 

CV 

ci 

aw 

l/ K2b2: parts 5YR 5/4, and 5YR 9/3, dry. K3b2: parts 5YR 5/4, dry. Btcab3: parts 2.5YR 5/6, and 5YR 
9/3, dry. Kb3: parts 5YR 7/3 and 5YR 6/4, dry. 

ii Meters in parenthesis are approximate distances (to the nearest 1/2 meter) below the land surface, by 
sighting from undisturbed cut on east edge of road, and represent the approximate thickness of Birdwell 
sediments that once DU&t have overlain the sampled horizons. 

11 B2ltcab2: carbonate continuously coats many prism faces; carbonate filaments occur in prism interiors; 
clay coatings on some prisa faces; some pores are lined with clay; some prisms are very large, 25 to 30 
cm along a aide. B22tcab2: also 2.5YR 4/6, dry; slightly leas carbonate than above; some clay coatings 
on prism faces, which often have a few carbonate fil&11ents; noncalcareous between the visible carbonate 
accumulations. Kbl: parts 5YR 9/3 and 5YR 5/4, dry. 

§./ C: stratified. B2tb: black spots, 1 to 2 na diameter (Mn? Fe?) on faces of prisblB. Bltb2: black 
(Mn? Fe?) spots on faces of pri81118; a few fine roots and dark staining& on faces of prisms. B32tcab2: 
carbonate coats the prisms and lines root channels and pores; carbonate continuously coats many prism 
faces. Kb3: parts 5YR 7/3 and 5YR 8/2, dry. 



Figure 21 . 

is in fP P t . 

Upper. 
Lower. 

Landscape at St op 11, view to northeast. 
The once-buried Aridic Haplustalf at Stop 11 . Scale 
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the K2b2 horizon is not cert~in. 

Augering below the bottom of the trench showed a calcareous fine 

sandy loam extending to a depth of about 3 1/2 m. Indurated carbonate 

fragments were encountered at that depth and could not be penetrated by 

auger. 

Walk south about 12 m to Stop 12. 



STOP 12. BURIED ARIDIC HAPLUSTALFS OF THE ROOSEVELT AND HALE SURFACES; 

BURIED K HORIZONS 

Figure 22 shows the soil profile at Stop 12. In contrast to Stop 

11, Roosevelt sediments are present here (table 9). A possible 

explanation is that this area is closer to the center of the dune and 

may have been a site of greater deposition. 

The Hale sediments have a more strongly developed Bt horizon than 

at other sites; prominent coatings of oriented clay occur on ped surfaces 

and in pores (table 9). A stable landscape position near the center of 

the dune may be a reason for more prominent illuvial clay than at Stop 11. 

Another possibility is that the Bt horizon is actually of Bailey age 

instead of Hale; too little is known about Bt horizons of Bailey age. 

The clay maximum extends into the K horizon, suggesting that the Bt and 

K horizon may have formed in the same deposit . 

Walk south about 25 m to Stop 13. 
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Figure 
fee t. 

22. The once-buried Aridi c Haplustal fs a t Stop 1 2 . Scale i s in 
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STOP 13. BURIED ARIDIC HAPLUSTALFS OF THE ROOSEVELT AND HALE SURFACES; 

BURIED K HORIZONS 

This site (figs. 23, 24) illustrates one of the most prominent contacts 

between horizons to be seen in the study area. Note the abrupt boundary 

(thought to mark a time of about 13,000 years B.P.) between basal Birdwell 

and the thin deposit of Roosevelt sediments. 

The silicate clay maximum is well above the top of the K horizon, 

suggesting the possibility of a younger deposit (Hale) above it. The study 

trench did not extend deeply enough to assess whether the K horizon is 

Bailey I or II, and it is designated simply as Bailey. 

Reaction of the Hale Bt horizon is distinctly more acidic than at 

Stops 11 and 12. This is attributed to the substantial depth to carbonates 

and the strong leaching regime associated with moisture of a pluvial. 

More information is needed concerning . the Bailey sediments, of which 

only the upper part was penetrated by the study trenches at Stops 11-13. 

A substantially deeper trench would provide more information concerning these 

ancient sediments and soils. Such a trench, connecting Stops 11, 12 and 

13, would also provide information concerning the lateral variation of 

Roosevelt, Hale and Bailey sediments, at a site that has maintained its 

dune position in the Sandhills for a very long period of time. 

Ascend the dune on the west side of the road and walk west to Stop 

14, in a soil moisture exclosure in the crest of the dune and about 50 m 

west of Farm Road 1731. 



66 

Figure 23. View along the roadcut at Stop 13. Note the sharp contact 
of Birdwell on Roosevelt sediments. Scale is in feet. 



Figure 24 . 
at Stop 13. 

Closeup of basal Birdwell sediments and the Aridic Haplustalf 
Scale is in feet . 
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STOP 14. PSAMMENTIC HAPLUSTALFS IN THICK BIRDWELL I SEDIMENTS 

Orientation of the dune at Stop 14 (cover) suggests a strong wind 

0 
direction of about S. 35 E. in Birdwell time. Additional evidence of wind 

direction consists of the presence of primary, sand-sized carbonate 

grains in the C horizon of the soil at Stop 14. These grains must have 

come from a surficial carbonate-containing horizon. High-carbonate horizons 

presently occur at shallow depths to the north and northwest. Pedogenic 

carbonate in the form of sand grains must have been quite well cemented 

prior to transport, and this is not uncommon in truncated carbonate 

horizons. Various dunes of Birdwell age show orientation ranging from S. 35° E. 

0 
through due east to the direction of N. 50 E. noted at Stop 5. Reeves's 

(1965) wind directions for Series II dunes falls within this range, and 

Melton's direction -- a few degrees north of due east -- for Series II 

dunes in the Bailey County Sandhills (Melton, 1940, fig. 29) is about 

in the middle of the range. Apparently, major changes in wind direction 

took place in Birdwell time. Direction of the dune-forming winds may 

first have been to the southeast, then to the east and finally to the 

northeast. However, more work is needed to establish the change in wind 

direction with certainty. 

The sediments at Stop 14 (fig. 25, table 10) are designated Birdwell I 

because the prominent 13,000 B.P. contact is present (see Stop 13). 

However, the narrow ridgecrest position and the thin Al horizon (table 10) 

suggest strong erosion since Birdwell I time. The control section (the 

upper SO cm of the argillic horizon in these soils) averages sandy, and 

the soil is a Psammentic Haplustalf. 

Some of the C horizon material is relatively high in clay (table 10). 

This is attributed to the source, considered to be primarily the thick Bt 



Figure 25. General view of the soil at Stop 14. Note the long whitish 
lens below the 3 foot mark (94- 95 cm, table 10) and the shorter one below. 
See Stop 15 for a general view of landscape in the vicinity of Stop 14. 
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Table 10. Data for the Pe&1111&ntic Hapluetalf at Stop 14. S75TX-17-ll! 

Particle size distribution, mm 

Sediment Horizon Depth Sand Silt Clay Car- Or- Ext. Bulk pH Tex- Dom-
bonate ganic Fe den- tural inane 

c aity class dry 
2-1 1- 0. 5- 0. 25- 0.1- 0.05- < < < color 

0.5 0.25 0. 1 0.05 0.002 0.002 0.0002 2 0.002 

Cll 
% g/cc 

Birdwell I Al 0-4 .2 2.2 13.5 56. 1 16.6 6.6 4.8 4,1 0 .47 . 3 7.2 fe 5YR 3/4 
Blt 4-17 tr 1. 9 11.5 51.3 19.8 4.8 10.'7 10.2 0 .53 .4 1.61 7.2 lfe 5YR 3/3 
B2lt 17-37 tr 3.3 11.0 42,8 25.5 5.1 12. 3 11.J tr . 33 .5 1. 62 7.4 lfs 2.5YR-5YR S/6 
1122tca 37-54 .1 2.3 7.8 48.l 23. 7 4. 8 ·13. 2 11. 1 tr . 16 .5 1.59 8.2 fsl 5YR 5/6 
B3ltca 54-78 .1 1. 0 4.4 52. 0 25.7 3.4 12. 6 11.4 tr . 24 .5 1.56 8.1 lfa 5YR 5/6 
B32tca 78-94 .1 .8 7.6 58.8 18. 0 3.S 11.2 10.5 tr .11 .4 1. 63 8.3 lfa SYR 5/6 
Cl&,33t 94-95 fa 7 .5YR 8/6 
cz.! 95-130 .1 .19 9.5 45. 4 24. 5 5.3 13.3 11. 2 tr .01 .5 1.58 8.1 fsl 5YR 5/6 

95-130 tr 3.6 18.1 47.6 15.5 3.6 11.6 9.9 tr . 10 .4 1.68 8. 2 lfs 5YR 5/6 
CJ 130-160 .1 10.3 26.6 42.3 10.0 3.1 7. 6 6.q tr . 09 .3 8.1 fa 5YR 5/6 

J:.I Particle-aize distributi on is by method 3Al (Soil Conaervation Service. 1972); 
method 6C2b: bulk density. method 4Alh; pll, method RCla (1 : 1 1120). 

organic carbon. method 6Ala; extractable Fe, 

~ The C2 horizon consists of mater ial (firat line) that lack& macroacopic stratification and that is dominant in the upper and 
lower part& of the horizon, and aaterial (second line) that has macroscopic stratification and t ha t is dominant in t he central 
part of the horizon . 

horizon of Hale age . Note also the high proportion of fine to total clay 

and that the fine cl ay i s similar in amount t o the Bt horizon of Hale age 
., 

at Stop 15. A weak horizon of carbonate accumul ation is present (table 10) 

but is not typical in soils of Birdwell age. Here the parent materials 

contained a few grains of carbonate derived from the top of a wind-trun-

cated carbonate hori zon to the windward, as discussed earlier . The 

Cl&B33t horizon, 94- 95 cm, is a distinct whitish lens (fig . 25, table 10). 

Some of the sand grai ns in the lens have very thi n coatings of clay; this 

is the redder, Bt part of the horizon. Whitish lenses of sand grains that 

are free, or nearly free of clay are a feature of parent materials as noted 

at Stop 1. 

Return to Farm Road 1731. Proceed south about 180 m, then west to 

Stop 15 in a soil moisture exclosure, about 45 m west of Farm Road 1731. 



STOP 15. ARIDIC HAPLUSTALFS IN THIN BIRDWELL I SEDIMENTS 

AND IN HALE SEDIMENTS; BURIED K HORIZONS; PSEUDOPALEUSTALFS 
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Stop 15 (figs. 18, 26, 27) is on the northern margin of a broad, nearly 

level plain that is in marked contrast to the duned terrain to the north. 

South of Stop 14, the soils of Hale and Bailey age, deeply buried beneath 

Birdwell sediments at Stops 11 - 14, rise towards the land surface. The 

vertical arrangement of the land-surf ace and buried soils is of interest 

because of genetic implications for soil classification as the buried soils 

approach the surface. A probe transect between Stops 14 and 15 indicates 

that the Birdwell sediments are not confined to the high dune at Stop 14, 

but instead continue southward to Stop 15. At Stop 15 the Birdwell sediments 

are so thin that the Bt horizon of Birdwell age rests directly on the 

thick Bt horizon of Hale age; there is no intervening C horizon material 

as at Stops 11-14. If the stratigraphic relations were not known, it might 

be possible to mistake the soil at Stop 15 as a Paleustalf since clay does 

not decrease by more than 20 percent of the maximum within 1.5 m of the 

surface. However, this is a feature of the buried soil instead of the 

land-surface soil, and the pedon is considered to be an Aridic Haplustalf. 

Clearly, this pedon -- in which the control section i s wholly in the 

youthful horizons of Birdwell age -- does not belong in the "Pale" great 

groups. The control section in these soils is the upper 50 cm of the 

argillic horizon, the top of which is at 15 cm depth (table 11). This 

thickness averages less than 18% clay. Thus, the soil is coarse-loamy. 

The silicat e clay data also suggest soil burial (table 11). Instead 

of a single clay maximum as is the usual case in a soil formed in parent 

materials of the same age, table 11 shows two distinct maxima above the 

K horizon - one in the B2t horizon of Birdwell I age, and the other in the 
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Figure 26 . Landscape at Stops 15 (left foreground, in moisture exclosure) 
and 14 (skyline at left) . At right is the roadcut in which Stops 11- 13 
are located . 



Figure 27. The Aridic Haplustalf at Stop 15. Note the abrupt , undulating 
top of the K horizon . Scale is in feet . 
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Table 11. Dat~ for the Aridic llaplustalf at Stop 15, S75TX-l7-2.!./ 

Particle aize distribution, ... 

Sediaent Horizon Depth Sand Silt Clay Car- Or- Ext. Bulk pH Tex- Dom-
bonate ganic Fe den- tural inant 

c aity class dry 
2-l 1- 0.5- 0.25- 0. 1- o.os:- < < < < color 

0,5 0,25 O.l 0.05 0.002 0,002 0.0002 2 0.002 

cs % g/cc 

Birdwell I Al 0-15 .1 2.4 11.0 48,2 22.2 10,0 6,l 4.1 tr . 54 .3 7.l lfs 7 .5YR 5/3 
Bllt 15-32 tr 2.8 10.5 46.7 22,4 7,0 10.6 0.1 tr .44 .4 1.57 7,0 lfs 5YR 5/4 
Bl2t 32-57 tr 2.8 9.0 37.6 22.0 11,6 17.0 13. 2 tr . 45 .6 1,56 7. 2 fel 5YR 5/4 
B2t 57-76 tr 2.6 8,4 35.0 22.2 12.8 19.0 14.6 0 .38 . 6 1.65 7.l fsl 6YR 5/4 

Hale Blltb 76-96 .1 2.8 9.3 37 .4 22,2 11,9 . 16.3 12.5 0 . 23 .s 1, 70 7. 2 fsl SYR 5/4 
Bl2tb 96-120 .1 3.l 9,6 38,8 23.8 7.7 16.9 13.5 tr . 17 .5 1, 70 7.3 fsl 3.5YR 5/6 
B2tb 120-142 .1 3,0 8.9 38.9 21.8 f\,6 20, 7 17.3 tr .16 . 6 1.70 7.5 scl 2,5YR 5/6 
B3tcab 142-159 .l 3.7 8.9 38.4 23,3 6.7 18,9 14.l tr . 14 . 6 l.71 7. 8 fsl 2.5YR 5/6 

Bailey I K2lb2 159-187 13.9 8.4 6,3 14.2 11.l 22.6 23.5 l.7 67 15 .15 .l 8.1 acl 7,5YR 8/4 
K22b2 187-238 2,3 4.9 5,9 17. 4 13.9 28.2 27 . 4 2.3 62 20 . 11 .l 8.3 acl 7.SYR 9/4 
K3b2 238-265 1.3 4.5 6.6 25.1 16.2 22.6 . 3.7 4.3 39 13 , 06 .2 8,5 scl 7 .5YR 8/4 

.!.I Particle-size dietribution is by method JAl (Soil Conservation Service, 1972); 
method 6C2b; bulk density, roethod 4Alh; pH, method 8Cla (1 : 1 H20). 

organic carbon, met hod 6Ala; extractable Fe, 

B2tb horizon of Hale age. The third ma.xi.mum ahown in the clay column 

(table 11} is in the K horizon, but this value represents some carbonate 

clay since carbonates were not removed before the determination was made. 

A slight increase in silt is apparent in the upper part of Hale 

sediments and at the base of Birdwell I sediments. This may reflect the 

influence of Roosevelt sediments. 

The K horizon is of Bailey I age, instead of Bailey II as at Stop 

10. Note the substantially higher carbonate content, and also the higher 

percentages of very coarse and coarse sand (table 11). The latter are 

undoubtedly due to carbonate-cemented aggregates that resisted dispersion 

during particle size analysis. This reflects the . higher degree of carbonate 

cementation that accompanies the increased carbonate content. 

Return to Farm Road 1731. 
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APPENDIX 

Laboratory data for five soils previously discussed (Gile, 1979) 

are presented in Table A. The sites are located on the cover by symbols 

a-e. Two changes have been made in soil names. A new series has been 

proposed for the Alfie Ustipsamments (Circleback, Site c ) and for the 

Psammentic Haplustalfs (Texico, Site d). 
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Sediment Horizon 

Muleshoe Al 
A2 
821 
822 
831 
832 

(Pleistocene) 8lb 
82ltb 
B22tb 

Muleshoe Al 
A2 
BI 
B2l&Bt 
822&8t 
831 
B32 

Longview Bib 
B2b&8t 

Muleshoe Al 
A2 
B21&8t 
B22&8t 
B31 
832&8t 
c 

(Pleistocene) 811tb 
812tb 
82tb 

Longview Al 
A2 
A2&Bt 
B2&Bt 
B3l&Bt 
832&8t 

(Pleistocene) 8ltb 
82tb 
B3ltb 
B32tb 

Muleshoe Al 
A2 
Bl 
821&8t 
822 

Longview 82b&Bt 
Clb&Bt 
C2b 

(Pleistocene) 8tb2 

Depth 

cm 

0-12 
12-31 
31-61 
61-84 
84-112 

112-151 
151-168 
168-182 
182-206 

0-11 
11-20 
20-33 
33-52 
52-82 
82-109 

109-137 
137-165 
165-198 

0-13 
13-39 
39-56 
56-82 
82-109 

109-139 
139- 181 
181- 208 
208-226 
226-247 

0-12 
12-46 
46- 66 
66-92 
92-112 

112- 131 
131- 141 
l •U-164 
164-205 
205- 235 

0- 11 
11-3.C 
34- 53 
63-81 
81-111 

111- 143 
l<C3- 164 
164-191 
191- 221 

2-1 

Table A. Data for aoU. at Sites a • e . t 

Particle aize distribution, mm 

1-
0.5 

Sand 
Silt 

0.5- 0.25- 0.1- 0.05- Clay Organic 
0.26 0.1 0.05 0.002 <0.002 c 

Extract, 
able Fe 

% ~~~~~~~~~~~ 

Site a . Typic Ustipsamment (Tivoli), S75TX-17-8 

0.3 5.9 23.6 49.6 12.5 3.9 u 0.44 0.2 
0.1 6.9 2-C.O <C9.9 lU 1.7 3.9 0.2.C 0.2 
tr 7.5 26.0 50.2 11.6 0.8 3.9 0.16 0.2 
tr 5.6 2-c.4 51.9 14.<C 1.6 2.1 0.10 0.2 
tr <C.2 22.7 53.9 15.7 1.3 2.2 0.o7 0.2 
tr 3.1 19.1 55.3 17.5 3.0 2.0 0.0.C 0.2 
tr 3.4 22.3 55.0 lU 3.0 1.8 0.04 0.2 

0.0 2.6 14.4 46.6 16.7 5.9 13.8 0.13 0.4 
tr 2.9 15.l 45.0 19.5 7.6 9.9 0.07 0.3 

Site~-· Typic Ustipsamment (Tivoli), S7STX-17-4 ·t 
tr 2.1 14.5 53.8 20.4 6.2 <C.O 0.97 0.2 
tr 3.-C 20.1 59.0 14.0 1.6 1.9 0.29 0.1 
tr 4.2 22.9 57.1 12.8 1.0 2.0 0.15 0.1 

0.0 2.9 23.6 59.3 11.4 1.0 1.8 0.10 0.1 
tr 3.0 22.6 59.l 12.8 0.9 1.6 0.06 0.1· 
tr 4.8 2U 56.1 12.0 1.2 1.7 0.08 0.1 

0.1 6.2 25.9 51.9 12.8 1.8 1.3 0.08 0.2 
0.0 6.2 26.7 53.1 10.1 1.4 2.6 0.07 0.2 
0.1 4.9 22.7 55.4 11.1 2.3 3.5 0.06 0.2 

Site c. Alfie Ustipsamment (Circleback) , S7STX-17-5 1 

0.1 7.1 20.3 -46.2 16.9 6.2 3.2 0.66 
0.1 8.4 24.1 50.6 13.3 2.5 1.1 0.13 
tr 7.0 22.6 50.9 15.0 2.6 1.9 0.08 

0.1 7.2 23.4 51.6 12.8 2.4 2.5 0.07 
0.1 5.8 20.4 50.2 17.0 3.6 2.9 0.09 
0.1 7.6 23.2 48.2 12.9 "'6 3.4 0.06 
tr 6.5 21.7 48.9 13.0 6.0 3.9 0.06 

0.1 6.3 22.7 48.8 10.7 7.1 4.3 0.14 
0.1 5.3 22.0 45.3 10. 7 8.5 4.1 0.03 
0.2 5.7 20.4 43.6 8.9 10.5 10.7 0.07 

Sited. Psammentic Haplustalf (Texico), S7STX-17-61 

0.1 4.3 21.4 s 1.4 13.6 6.6 2.6 0.81 
t r 5.9 25.9 56.3 9.1 2.4 0.4 0.13 
tr 5.9 27.4 54.4 6.7 2.2 3.4 0.11 

0.1 8.3 27 .5 51.8 6.8 1.1 4.4 0.08 
0.1 10.6 29.2 48.0 6.6 1.3 4.2 0.05 
0.2 7.2 26.9 50.6 9.4 1.7 4.0 0.09 
0.1 6.3 23.8 49.7 9.6 1.4 9.1 0.o7 
tr 6.3 21.7 47.5 7.8 2.8 13.9 0.11 

0.2 10.9 26.7 45.1 5.9 3.5 7.7 0.04 
0.1 8.7 27.3 50.4 6.2 2.3 5.0 0.02 

. Site e. Typic Ustipsamment (Tivoli), S7STX-17-7§ 

0.2 8.1 23.5 49.2 11.9 3.8 3.3 0.52 
0.3 9.9 25.9 SO.I 11.1 1.0 1.7 0.15 
0.3 8.9 24.9 51.4 11.6 0.6 2.3 0.08 
0.4 8.9 25.0 50.8 10.9 1.7 2.3 0.06 
0.2 8.1 23.6 50.9 10.9 2.8 3.5 0.06 
0.3 10.5 27"' 49.8 7.6 1.2 3.2 0.05 
0.3 9.9 26.5 52.7 7.7 0.8 2.1 0.00 
0.2 6.8 22.1 56.1 12.8 1.4 1.6 0.00 
0.1 7.0 19.8 43.9 10.8 1.7 16.7 0.01 

0.2 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.4 

0.2 
0.2 
0.2 
(1.2 
0.2 
0.2 
0.3 
0.-C 
0.3 
0.2 

0.2 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.3 

Bulk 
density 

g/c~• 

1.69 
1.71 

1.63 
1.68 
1.68 
1.69 
1.71 
1.73 
1.84 

1.72 
1.71 
1.72 
1.70 
1.78 
1.78 
1.76 

1.92 

pH 

7.1 
6.8 
7.1 
6.9 
6.6 
7.0 
6.9 
6.9 
6.1 

7.6 
7.4 
7.2 
6.9 
7.2 
7.1 
7.2 
7.3 
7.6 

7.0 
6.9 
7.3 
7.8 
7.8 
7.8 
7.2 
7.3 
7.0 
7.2 

7.0 
6.8 
6.7 
7.0 
7.0 
6.5 
6.4 
6.1 
6.4 
6.8 

7.0 
7.2 
7.4 
7.4 
7.4 
7.1 
6.3 
6.2 
6.4 

Textural Dominant 
class dry color 

fs 
fs 
fs 
fs 
fs 
fs 
fs 
fsl 
lfs 

fa 
fs 
fs 
fs 
fa 
fa 
fs 
fs 
fs 

s 
fs 
fs 
fs 
fs 
s 
s 
s 
s 

fsl 

fs 
fs 
fs 
fs 
s 
fa 
Is 
fsl 
Is 
fs 

s 
fs 
fs 
fs 
fa 
s 
fs 
fs 
fa! 

7.5YR5/4 
7.5YR6/4 
5YR5.5/6 

5YR6J6 
6YR6/6 
6YR6/6 
5YR6/4 
5YR5/4 
9YR5/4 

lOYRU/2 
9YR5/4 

7.6YR6/4 
7.5YR6/4 

6YR6/4 
6YR6/4 
6YR6/4 
5YR6/4 
6YR6/4 

10YR5/3 
9YR6.5/3 
6YR6/4 
6YR6/4 
6YR6/4 
6YR6/4 

7.5YR6/4 
IOYR6.5/3 
IOYR6.S/3 
5Y6/l 

10YR5.5/3 
lOYR 7/3 
10YR 7/3 
5YR614 
6YR6/4 
6YR6/5 
5YR6/4 

2.5YR5/6 
5YR6/6 
5YR6/6 

10YR5/2 
10YR6.5/2 
lOYR 7/4 
7.5YR 7/4 
7.5YR6/4 
9YR 7/4 

lOYR 7/3 
10YR8/3 
2.5Y612 

t Some of the buried soils are of Pleistocene age, as indicated. Particle-size distribution is by method 3Al (Soil Con98fvation Service, 1972); organic C. 
method 6Ala; extractable Fe, method 6C2b; bulk density, method 4Alh; pH, method 8Cla (1:1 H,OJ. Intermediate hue designations indicate the closest 
hue, e.g .. 9YR indicates that the hue is between 7.5YR and lOYR, but is closer to lOYR than to 7.SYR. 

t The B2l&Bt horizon has one discontinuous clay band, 5YR 616 dry, 1-mm thick, that occurs for about 50 cm in the center of the horizon, then disappears. 
The 822&8t horizon has two discontinuous clay bands about 1-mm thick and 3- to 4·mm apart. The B2b&Bt horizon has 6 clay bands, 5YR 5/6 dry, from l· 
to 3-mm thick, being thickest in the upper part of the horizon. The bands are from 2 to 8 cm apart. 

§The 821&8t horizon has one discontinuous clay band, 5YR 5/4 dry. from 1/2 to 1 mm thick; occurs as segments a few cm in length, separated by much 
wider zones in which the clay band is absent. The 82b&Bt horizon usually has about four clay bands, 5YR 516 dry; moat bands are continuous and from 
2· to 3·mm thick. with cne being about 112-cm thick. The bands are usually 5 to 6 cm apart, ranging from 4 to 12 cm apart. The Clb&8t horizon has two 
continuous clay bands, SYR 5/4 dry, about 2-mm thick. The bands are from 5to10 cm apart. 

1The821&8t horizon has two discontinuous and two continuous clay bands, 5YR 6/6 dry, 1- to 2-mm thick. from 2- to 6·cm apart. The B22&Bt horizon has 
4 to 6 clay bands, 5YR 516 dry. from l · to 3·mm thick and 2 to 4 cm apart. Most bands are essentially continuous; in places they disappear la~ally but 
usually appear again when wall of trench is scraped back several cm. The B32&Bt horizon has one discontinuous clay band, 5YR 5/6 dry, 1-mm thick, in the 
center of the horizon. 

I Bt material in the A2&8t horizon consists of several di11COntinuous clay bands aod irregularly shaped volumes between the bands. The B2&Bt horizon baa 
four clay bands, 5YR 4.5/6 dry; the upper two are usually about l ·cm thick and the lower two from 1- to 4-mm thick. The bands ere from6 to 10 cm apart. 
The 8 31&8t horizon has 4 to 6 clay bands from 1- to 3·mm thick and from 1 to 3 cm apart. The 8 32&Bt horizon has one discontinuous clay band about 
l ·mmthick. 
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