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CHAPTER I 

INTRODUCTION 

Purpose of the Study 

This study is an investigation of various types of 

calcretes occurring in the Pliocene Ogallala Formation and 

overlying Pleistocene sediments. The Ogallala section is 

the principal aquifer for most of the Southern High Plains, 

but is being quickly depleted due to lack of natural re

charge and overdevelopment of irrigated agriculture. The 

amount of natural recharge is particularly limited in 

areas where calcretes occur above the water sands and 

gravels of the aquifer. In this study the characteristics 

of the various types of calcrete, such as thickness and 

morphology, are examined. The geographic distribution of 

the different calcrete profiles is compared to perme

abilities of the principal soil profiles. 

Location of the Study Area 

The 30,000 square mile study area, known as the 

Southern High Plains of West Texas and Eastern New Mexico, 

averages about 250 miles from north to south and about 1̂ 0 

miles east to west. Included are all or part of the fol

lowing Texas counties: Andrews, Armstrong, Bailey, Borden, 

Briscoe, Carson, Castro, Cochran, Crosby, Dawson, Deaf 

Smith, Dickens, Ector, Floyd, Gaines, Garza, Glasscock, 

Hale, Hockley, Howard, Lamb, Lubbock, Lynn, Martin, 

Midland, Oldham, Parmer, Potter, Randall, Swisher, Terry, 

and Yoakum. In New Mexico the study area consists of all 

or part of Chaves, Curry, Lea, Quay, and Roosevelt 

counties (Figure 1). 

The Southern High Plains, also known as the Llano 

Estacado, is bordered on the east by the "caprock" escarp

ment, on the west by the Mescalero escarpment, and on the 

north by the Canadian River Valley. To the south the 
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Llano Estacado merges imperceptibly with the Edwards 

Plateau. 

Methods of Study 

A General Soils Map of the Southern High Plains was 

compiled (Figure 2) from the General Soils Map of Texas 

(Godfrey, McKee, and Oakes, 1973) and County Soil Surveys 

in New Mexico. Samples were then taken from calcrete pro

files from each representative general soil complex (Figure 

2). All samples were oriented (up direction), located on 

the county map of the study area (Figure lA), and iden

tified as to age (Pliocene or Pleistocene). Thin sections 

were prepared, from slabs cut perpendicular to the hori

zontal surface of the samples, and stained with Alizarin 

Red S and potassium ferrocyanide. Alizarin Red S distin

guishes between calcite and dolomite (Friedman, 1959) and 

potassium ferrocyanide distinguishes between ferroan and 

nonferroan carbonates (Lindholm and Finkelman, 1972). All 

thin sections were then examined with a petrographic micro

scope for mineralogy, texture, and diagenetic relationships. 

Carbonates were classified according to Dunham (I962), 

using Folk's (1959) modifiers. Diagenesis was interpreted 

from representative slides, and photomicrographs were 

taken. 
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CHAPTER II 

GENERAL SOIL ASSOCIATIONS OF THE SOUTHERN HIGH PLAINS 

Introduction to General Soil Associations 

Figure 2 illustrates the compiled general soils map 

of the Southern High Plains of Texas and Eastern New 

Mexico, modified from the General Soil Map of Texas 

(Godfrey, McKee, and Oakes, 1973). The New Mexico portion 

was compiled from available County Soil Surveys. The 

Southern High Plains consists of 7 different general soil 

associations, which include 18 soil series. A soil asso

ciation is identified when a major portion of the different 

soils present occur in a characteristic and unique way, as 

related to materials and the shape of the land surface. A 

soil association includes at least one major soil and one 

minor soil; however, soil associations are only named for 

the major soil unit. Names of the soils (in an associ

ation) are listed in the order of prevalence of occurrence 

in the area represented. One or more soils may occur in 

different soil associations, but presence will be charac

teristically different from other soil associations-

Soils included in a soil association are termed soil 

series. There are usually two to three soil series in a 

soil association. A soil series is characterized by soils 

having like profiles, except that texture of the surface 

changes from location to location. The soil series con

tains layers that are similar in thickness, arrangement, 

and color. Profiles of a soil series are so similar that 

a soil series in Florida would have the same profile as 

the same soil series in Washington. 

Over the investigated area 1^ of the soils and all of 

the major soil associations contain calcrete. Tables 1, 2, 

and 3 show the relationship of the calcrete to the various 

soil textures, the permeability rates of specific calcrete 

horizons, and the permeability range related to various 
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TABLE 1 

RELATIONSHIP OF CALCRETE TO VARIOUS SOIL 
TEXTURES ON SOUTHERN HIGH PLAINS 

SO
IL
 

Abilene 

Acuff 

Amarillo 

Arch 

Arvana 

Berda 

Berino 

Bippus 

Blakeney 

Brownfield 

Cacique 

Carey 

Conger 

Dalhart 

Dalhart 

Douro 

Gomez 

Jal 

Jalmar 

Kimbrough 

Lea 

Likes 

Lozier 

Maljamar 

Mansker 

C
A
L
C
R
E
T
E
 

T
Y
P
E
 

S,C 

C 

C 

C 

I 

S 

S 

C 

I 

I 

I 

c 
I 

s 
I 

I 

s,c 
s 
s 
I 

S,I 

c 
I 

I 

s,c 

D
E
P
T
H
 
T
O
 

C
A
L
C
R
E
T
E
 

30-50" 

30-50" 

30-77" 
15-20" 

16-40" 

8" 

29-60" 

27-57" 
12-20" 

36-72" 

20-3^" 
30-70" 

12-20" 

34-54" 
54" 

20-40" 

20-50" 

10-20" 

64" 

4-10" 

16-24" 

26-50" 

4-16" 

40-60" 

12-22" 

T
H
I
C
K
N
E
S
S
 

O
F
 
C
A
L
C
R
E
T
E
 

30" 

30" 

31" 

14" 

2-6' 

51'' 
12" 

20" 

44" 

12" 

NA 

22" 

12-24" 

1-21" 

3" 
45" 

45-56" 
38-56" 
16" 

20-26" 

40" 

15" 
1" 

20" 

32-56" 

P
E
R
M
E
A
B
I
L
I
T
Y
 

O
F
 
P
R
O
F
I
L
E
 

1 
(
i
n
c
h
e
s
/
h
o
u
r
 

0.20-

0.80-

0.80-

0.63-

0.00-

0.60-

0.63-

0.80-

0.00-

0.00-

0.00-

0.80-

0.60-

0.00-

0.00-

0.00-

2.00-; 

0.63-

0.63-: 

0.00-

0.00-

1.00-

0.00-

0.00-

0.63-

2.0 

2.5 
5.0 
2.0 

2.0 

2.0 

2.0 

2.5 
2.0 

5.0 

6.3 

2.5 
2.0 

1.0 

1.0 

6.3 
20.0 

6.3 
20.0 

2.0 

2.0 

2.0 

2.0 

20.0 

2.0 

P
E
R
M
E
A
B
I
L
I
T
Y
 

O
F
 
C
A
L
C
R
E
T
E
 

(
i
n
c
h
e
s
/
h
o
u
r
 

0.20-0.63 

0.80-2.5 
0.80-1.5 

0.63-2.0 

0.00 

0.60-2.0 

0.63-2.0 

0.80-2.5 
0.00 

0.00 

0.00 

0.80-2.5 
0.60-2.0 

0.50-1.0 

0.00 

0.00 

2.00-6.3 

0.63-2.0 

0.63-2.0 

0.00 

0.00-2.0 

1.00-2.0 

0.00 

0.00 

0.63-2.0 
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TABLE 1. ( con t inued) 
S
O
I
L
 

Mereta 

Midessa 

Miles 

Montoya 

01 ton 

Ozona 

Pajarito 

Palomas 

Patricia 

Portales 

Potter 

Pullman 

Quay 

Reagan 

Rowena 

Sharvana 

Simona 

Slaughter 

Springer 

Stegall 

Tillman 

Tonuco 

Triomas 

Ulysses 

Upton 

Vernon 

Weymouth 

C7
\L
CR
ET
E
 

TY
PE
 

I 

S 

S 

C 

C 

I 

C 

S 

I 

C 

C,S 

C 

C 

S,C 

S,C 

I 

I 

I 

I 

I 

S 

I 

S,C 

S 

I 

c 
s,c 

DE
PT
H
 
T
O
 

C
A
L
C
R
E
T
E
 

14-20" 

20-39" 

70" 

24" 

30-65" 
14-28" 

29-60" 

42-70" 

46-60" 

20-40" 

6" 

36-70" 

32" 

1" 

30-50" 

10-50" 

12-20" 

10-20" 

32" 

24-36" 

24-70" 

17" 
68" 

27-43" 
6-20" 

7" 
0" 

T
H
I
C
K
N
E
S
S
 

OF
 
C
A
L
C
R
E
T
E
 

8-25" 

38" 

6" 

26" 

10-30" 

10" 

26" 

6" 
12" 

41" 

42" 

62" 

25" 
63" 

44" 

28-54" 

2-3' 
14" 

2" 

1-3' 
10-20" 

3" 
12" 

48" 

27" 

11" 

50" 

P
E
R
M
E
A
B
I
L
I
T
Y
 

OF
 
P
R
O
F
I
L
E
 

(
i
n
c
h
e
s
/
h
o
u
r
 

0.00- 0.6 

0.63- 2.0 

0.63- 6.3 

0.10- 0.5 

0.20- 0.8 

0.00- 0.8 

2.00-20.0 

0.63-20.0 

0.63-20.0 

0.63- 2.0 

0.00- 2.5 
0.06- 0.63 

0.50- 1.0 

0.63- 2.0 

0.20- 0.63 

0.00- 6.3 

0.00- 6.3 

0.00- 0.63 

0.00- 5*0 

0.00- 2.0 

0.05- 0.2 

0.00-20.0 

0.63-20.0 

0.20- 2.0 

0.00- 2.0 

0.06- 0.63 

0.80- 2.5 

P
E
R
M
E
A
B
I
L
I
T
Y
 

OF
 
C
A
L
C
R
E
T
E
 

(
i
n
c
h
e
s
/
h
o
u
r
 

0.00 

0.63-2.0 

0.63-2.0 

0.10-0.5 
0.20-0.8 

0.00 

2.00-6.3 

0.63-2.0 

0.63-2.0 

0.63-2.0 

0.00-2.5 
0.06 

0.50-1.0 

0.63-2.0 

0.20-0.63 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05-0.10 

0.00 

0.63-2.0 

0.20-2.0 

0.00 

0.06 

0.80-2.5 
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TABLE 1. ( con t inued) 

t-^ 
M 
O 
C/3 

W i c h i t a 

W i c k e t t 

Wink 

Woodward 

Z i t a 

w EH 

W 
PC 
O W 

^ & 
O EH 

C 
I 
c 
C 

s 

20 

35 

o w EH EH 

W 
w pc; 
EH O 

fe^ 
Q O 

33" 
- 4 0 " 

23" 

20" 

- 6 0 " 

w EH 
00 W 
DQ PC 
W O 

!̂  y 
O O 

33" 
32" 

37" 
16" 

25" 

0, 

0. 

2, 

0, 

0, 

>H ;^ 
EH 3 
M W O 
i-^i-:i j : : 
M M \ 
PQ pL, CO 
*< O 0) 
w Kx: 
S P H o 
PC c: 

P L , 0 > ^ 

.50 - 1 . 

, 00 -20 . 

. 0 0 - 2 0 . 

. 80 - 2 . 

. 6 3 - 2 . 

5 
0 

0 

5 
0 

0. 

0. 

2. 

0, 

0, 

>H JH 
&^ W 3 
M EH 0 
1^ W ^ 
M P C \ 
PP 0 CO 

2 0 0 

CLH O ^ - ' 

. 50 -1 .5 

.00 

. 0 0 - 6 . 3 

. 8 0 - 2 . 5 

. 63 -2 .0 

KEY 
NA - no t a v a i l a b l e 



TABLE 2 

PERMEABILITY RATES OF SPECIFIC CALCRETE 
HORIZONS ON SOUTHERN HIGH PLAINS 

12 

S
O

IL
 

Abilene 

Acuff 

Amarillo 

Arch 

Arvana 

Berda 

Berino 

Bippus 

Blakeney 

Cacique 

Carey 

Conger 

Dalhart 

Douro 

C
A

L
C

R
E

T
E 

T
E

X
T

U
R

E 

clay 
clay loam 

sandy clay loam 
sandy clay loam 

sandy clay loam 
weakly indu
rated to silty 
clay loam 

loam 
soft calcrete 
indurated 

loam to sandy 
clay loam 

light sandy 
clay loam 

clay loam 

fine sandy loam 
strongly to 
weakly 
cemented 

indurated 

light sandy 
clay loam 

loam 

clay loam 
indurated 
to loam 

sandy clay loam 
light sandy 
clay loam 

indurated to 
weakly 
cemented 

C
A

L
C

R
E

T
E 

T
H

IC
K

N
E

SS
 

31" 
30" 
9" 
30" 

7" 

31" 

16" 
14" 

72" 

65" 

12" 

32" 

16" 

6" 

14" 
12" 
18" 

42" 

I 12" 

20" 

45" 

C
A

L
C

R
E

T
E 

M
O

R
PH

O
LO

G
Y

 

Y 
M 

Y 
M 
Y 

M 

Y 
M 
0 

M 

Y 

Y 

M 

0 

0 

Y 
M 
M 

0 

Y 

M 

0 

PE
R

C
E

N
T 

C
A

L
C

R
E

T
E 

NA 
15-20 

NA 
10-30 

NA 

50-70 

NA 
NA 

100 

5 

NA 

NA 

3 

100 

100 

NA 
5 
NA 

100 

NA 

NA 

100 

PE
R

C
E

N
T 

S
O

IL
 

P
R

O
F

IL
E

 

42 
40 

13 
^3 

9 

38 

53 
47 
72 

100 

20 

67 

27 

73 
18 

23 
20 
30 

70 

21 

35 

60 

PE
R

M
E

A
B

IL
IT

Y
 

O
F 

C
A

L
C

R
E

T
E 

(i
n

ch
es

/h
o

u
r 

0.20-0.63 
0.63-2.0 

0.80-2.5 
0.80-2.5 

0.80-1.5 

0.80-1.5 
0.63-2.0 
0.63-2.0 

0.00 

0.60-2.0 

0.63-2.0 

0.80-2.5 
0.60-2.0 

0.00 

0.00 

0.80-2.5 
0.80-2.5 

0.60-2.0 

0.00 

0.50-1.0 

0.50-1.0 

0.00 



TABLE 2. (continued) 
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S
O
I
L
 

Gomez 

J a l 

Jalmar 

Kimbrough 

Lea 

Likes 

L o z i e r 

Maljamar 

Mansker 

Mereta 

Midessa 

Mi les 

Montoya 

01 ton 

Ozona 

C
A
L
C
R
E
T
E
 

T
E
X
T
U
R
E
 

loamy f i n e sand 
f i n e sandy loam 

sandy loam 
loam to heavy 

loam 

sandy c l a y loam 

loam 
indurated to 

s t r o n g l y 
cemented 

heavy loam 
indurated 

loamy f i n e sand 

g r a v e l l y loam 

indurated 

loam to sandy 
c l a y loam 

c l a y loam to 
sandy c l a y 
loam 

c l a y loam 
indurated to 

c l a y loam 

loam 
c l a y loam 

loam 

l i g h t c l a y 
c l a y to heavy 

c l a y loam 

sandy c l a y loam 
ssindy c l a y loam 

heavy c l a y loam 
to l i g h t c l a y 

heavy c l a y loam 
or l i e h t c l a y 

C
A
L
C
R
E
T
E
 

T
H
I
C
K
N
E
S
S
 

7" 
52" 

12" 

48" 

16" 

8" 

i+6" 

16" 
24" 

15" 
20" 

20" 

9" 

39" 

17" 

43" 

4" 
56" 

6" 

9" 

51'' 
26" 
33" 

18" 

6" 

C
A
L
C
R
E
T
E
 

M
O
R
P
H
O
L
O
G
Y
 

P
E
R
C
E
N
T
 

C
A
L
C
R
E
T
E
 

Y NA 
M 2 0 - 3 0 

M 

M 

M 

M 

0 

M 
0 

M 

M 

0 

Y 

M 

M 

0 

Y 
M 

Y 

Y 

M 

Y 
M 

Y 

M 

NA 

100 

25 
2 

100 

NA 
100 

NA 

NA 

100 

NA 

20-40 

NA 

100 

NA 
35 

2-15 
NA 

NA 

NA 
60 

NA 

60 

P
E
R
C
E
N
T
 
S
O
I
L
 

P
R
O
F
I
L
E
 

12 
87 

20 

80 

20 

15 

85 
32 
48 
30 
28 

29 

13 

5^ 
28 

72 

7 
93 

8 

15 

85 

31 
39 

64 

21 

P
E
R
M
E
A
B
I
L
I
T
Y
 

O
F
 
C
A
L
C
R
E
T
E
 

(
i
n
c
h
e
s
/
h
o
u
r
 

6 . 3 0 - 2 0 . 0 
2 . 0 0 - 6 . 3 

2 . 0 0 - 6 . 3 

0 . 6 3 - 2 .0 

0 . 6 3 - 2 .0 

0 . 6 3 - 2 .0 

0 .00 

0 . 6 3 - 2 .0 
0 .00 

1 .00- 2 .0 

0 . 6 0 - 2 .0 

0 .00 

0 . 5 0 - 1.0 

0 . 5 0 - 1.0 

0 . 2 0 - 0 . 6 

0 . 0 0 - 0 . 6 

0 . 6 3 - 2 .0 
0 . 6 3 - 2 .0 

0 . 6 3 - 2 .0 

0 . 1 0 - 0 . 5 

0 . 1 0 - 0 . 5 

0 . 2 0 - 0 . 5 
0 . 2 0 - 0 . 5 

0 . 2 0 - 0 . 8 

0 . 2 0 - 0 . 8 
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Pajarito 

Palomas 

Patricia 

Portales 

Potter 

Pullman 

Quay 

Reagan 

Rowena 

Sharvana 

Simona 

Slaughter 

Springer 

Stegall 

Tillman 

Tonuco 

Triomas 

1 'C
AL
CR
ET
E
 

T
E
X
T
U
R
E
 

loamy fine sand 
to fine sandy 
loam 
light fine 
sandy loam 

sandy loam 

light sandy 
clay loam 

clay loam 
clay loam 

loam 

clay 
clay to 
silty clay 

clay loam 

silty clay loam 
silty clay loam 

clay loam to 
clay 
clay to clay 
loam 

indurated to 
weakly cemented 

fine sandy loam 
indurated 

indurated 

hard 

indurated 

clay 
silty clay 
to clay 

indurated 

sandy clay loam 

C
A
L
C
R
E
T
E
 

T
H
I
C
K
N
E
S
S
 

48" 

12" 

6" 

12" 

36" 
52" 
48" 

16" 

62" 

57" 

33" 
30" 

14" 

66" 

I 42" 

16" 
36" 

14" 
2" 

4" 

45" 

20" 

3" 
12" 

C
A
L
C
R
E
T
E
 

M
O
R
P
H
O
L
O
G
Y
 

1 

Y 

M 

M 

Y 

Y 
M 
M 

Y 

M 

M 

Y 
M 

Y 

M 

0 

M 
0 

0 

0 

0 

Y 

M 

0 

M 

1 P
E
R
C
E
N
T
 

C
A
L
C
R
E
T
E
 

NA 

NA 

100 

NA 

NA 
10-40 

NA 

NA 

40 

NA 

NA 
12-35 

NA 

15-^0 

100 

50 
100 

100 

100 

100 

NA 

15-^0 

100 

25 

P
E
R
C
E
N
T
 
S
O
I
L
 

P
R
O
F
I
L
E
 

80 

20 

9 

17 
41 
59 
100 

17 

65 
100 

52 
47 

17 

83 

70 

31 
69 

47 

6 

13 
60 

27 

15 

15 

P
E
R
M
E
A
B
I
L
I
T
Y
 

OF
 
C
A
L
C
R
E
T
E
 

(
i
n
c
h
e
s
/
h
o
u
r
 

2.00-20.0 

2.00- 6.3 
0.63- 2.0 

0.63- 2.0 

0.63- 2.0 
0.63- 2.0 

0.80- 2.5 

0.05- 0.5 

0.05- 0.5 

0.50- 1.0 

0.63- 2.0 
0.63- 2.0 

0.20- 0.63 

0.20- 0.63 

0.00 

2.00- 6.3 
0.00 

0.00 

0.00 

0.00 

0.05- 0.1 

0.05- 0.1 
0.00 

0.63- 2.0 
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Ulysses 

Upton 

Vernon 

Weymouth 

Wichita 

Wickett 

Wink 

Woodward 

Zita 

KEY 

Y - Youth 

M - Mature 

0 - Old 

C
A
L
C
R
E
T
E
 

T
E
X
T
U
R
E
 

clay loam 
clay loam to 
heavy clay loam 

indurated 

clay loam 
clay 

clay loam 
clay loam 

heavy clay loam 
clay loam 
to clay 

indurated to 
weakly 
cemented 

fine sand to 
sandy loam 
sandy loam 

very fine 
sajidy loam 

very fine 
sandy loam 

heavy loam 
loam 

1 

NA - not available 

C
A
L
C
R
E
T
E
 

T
H
I
C
K
N
E
S
S
 

12" 

58" 

27" 

7" 
11" 

10" 
30" 

15" 

M " 

32" 

23" 
37" 

20" 

16" 

20" 
25" 

C
A
L
C
R
E
T
E
 

M
O
R
P
H
O
L
O
G
Y
 

Y 

M 

0 

Y 
M 
Y 
M 
Y 

M 

0 

Y 
M 

Y 

M 

Y 
M 

P
E
R
C
E
N
T
 

C7
\L
CR
ET
E
 

NA 

5-10 

100 

NA 
NA 

NA 
NA 

NA 

30 

100 

NA 
NA 

NA 

NA 

NA 
100 

P
E
R
C
E
N
T
 
S
O
I
L
 

P
R
O
F
I
L
E
 

17 

83 

11 
18 
28 

20 
60 

20 

55 

53 

38 
62 

^4 

36 

33 
42 

P
E
R
M
E
A
B
I
L
I
T
Y
 

O
F
 
C
A
L
C
R
E
T
E
 

(
i
n
c
h
e
s
/
h
o
u
r
 

0.20- 2.0 

0.20- 2.0 

0.00 

0.20- 0.63 
0.06 

0.80- 2.5 
0.80- 2.5 

0.50- 1.5 

0.50- 1.5 

0.00 

2.00-20.0 
2.00- 6.3 

0.80- 2.5 

0.80- 2.5 

0.63- 2.0 
0.63- 2.0 
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TABLE 3 
PERMEABILITY RANGE RELATED TO VARIOUS SOIL 

TEXTURES ON SOUTHERN HIGH PLAINS 

USUAL PERMEABILITY AVERAGE PERMEABILITY 
TEXTURE RANGE (inches/hour) (inches/hour) 

heavy clay loam 0.05 - 0.2 0.125 

clay 0.05 - 0.8 0.425 

silty clay loam 0.05 - 0.8 0.425 

light clay loam 0.5 - 1.0 0.75 

clay loam 0 . 2 - 2 . 0 1.1 

gravelly clay loam 0 . 6 - 2 . 0 1.3 

gravelly loam 0 . 6 - 2 . 0 1.3 

loam 0.63 - 2.0 1.315 

sandy clay loam O.63 - 2.0 1.315 

soft calcrete O.63 - 6.3 3.465 
fine sandy loam 2 . 0 - 6 . 3 4.15 
loamy fine sand 2.0-20.0 11.0 

fine sand 6.3 - 20.0 13-15 
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soil textures on the Southern High Plains. A review of 

the principal general soil associations of the investigated 

area follows, 

Amarillo-Acuff-Mansker 

This soil association consists of 60 percent Amarillo 

soils with Acuff and Mansker each representing about 20 

percent (Godfrey, McKee, and Oakes, 1973). 

Amarillo 

The Amarillo soil profile is fine sandy loam to loamy 

fine sand at the surface, sandy clay loam or light clay 

loam in the subsoil, and sandy clay loam to light clay loam 

in the substrate. Color varies from brown to reddish brown 

in the surface, reddish brown to yellowish red in the sub

soil, and pinkish white to reddish yellow in the substrate. 

Thickness of the surface ranges from 6 to 20 inches, the 

subsoil is from 10 to 40 inches thick, and the depth to the 

substrate ranges from 30 to "^^ inches. The substrate con

sists of about 40 percent soft to moderately cemented con

cretions of calcium carbonate (Koos, Putnam, and Mitchell, 

1966). Permeability of the loamy fine sand is 2.5 to 5.0 

inches per hour, but that of the sandy clay loam is reduced 

to 0.80 to 1.50 inches per hour (Ross and Bailey, I967). 

Acuff 

The textural profile of the Acuff series is sandy clay 

loam to loam in the surface and sandy clay loam in the sub

soil and substratum. Color varies from dark brown in the 

surface, reddish brown to yellowish red in the subsoil, to 

pink in the substratum. The surface layer is from 6 to 10 

inches thick, the subsoil from 26 to 40 inches thick, with 

the depth to the substratum ranging from 30 to 50 inches. 

The substratum consists of 20 to 50 percent, soft to 

strongly cemented, calcium carbonate lumps and concretions. 

The permeability of the loam profile is 0.8 to 2.5 inches 
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per hour (Stoner, Mitchell, and others, I969). 

Acuff soils are associated with the following minor 

soils: Estacado, Friona, Olton, and Randall (Bruns, 1975; 

Bruns, 1978). 

Majisker 

The textural profile of the Mansker series varies from 

loam to clay loam in the surface and subsoil to sandy clay 

loam in the subsoil, and to a clay loam to sandy clay to 

fine sandy loam in the substratum. Colors range from brown 

to grayish brown to dark brown in the surface, from brown 

to grayish brown and sometimes to reddish brown in the sub

soil, and reddish yellow, pink, or light brown in the sub

stratum (Girdner and Richardson, 1970). The surface layer 

may be 7 to 9 inches thick, the subsoil 5 to I3 inches 

thick, and the substratum 32 to 56 inches thick. Calcium 

carbonate, in the form of concretions and soft masses, may 

make up 20 to 70 percent of the upper part of the substrate 

(Richardson, Grice, and Putnam, 1975). The loam, clay loam, 

and the soft calcrete (clay loam texture) have a perme

ability of 0.63 to 2.0 inches per hour (Turner, Cox, and 

others, 1974). 

Kimbrough-Slaughter 

The Kimbrough-Slaughter association consists of equal 

percents of the two soil series (Godfrey, McKee, and Oakes, 

1973). 

Kimbrough 

Kimbrough soils, with a 4 to 10 inch loam surface on a 

20 to 26 inch strongly indurated calcrete substrate, are 

dark brown. Calcrete plates are either strongly cemented 

or indurated (Conner, Hyde, and Stoner, 1974). Permeability 

ranges from O.63 to 2.0 inches per hour (Turner, Cox, and 

others, 1974). 
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Minor soils associated with the Kimbrough are the 

Slaughter, Stegall, Olton, Lipan, Estacado, Rough Broken 

Land, Lea, Portales, and Conger (Dixon, 1975; Turner, Cox, 

and others, 1974; Watson, 1978). 

Slaughter 

The color of Slaughter soils varies from dark reddish-

gray in the surface to reddish-brown in the subsoil. Sur

face and subsoil layers arre both clay loam with smooth 

boundaries on an indurated calcrete substrate at a depth of 

10 to 20 inches (Conner, Hyde, and Stoner, 1974). The 

heavy clay loam and clay have a permeability of 0.06 to 

0.20 inches per hour (Turner, Cox, and others, 1974). 

Mansker-Berda-Potter 

Mansker and Berda soils constitute 40 percent each of 

this association with Potter soils making up the other 20 

percent (Godfrey, McKee, and Oakes, 1973). 

Mansker 

The Mansker soil series was previously described under 

the Amarillo-Acuff-Mansker soil association. 

Berda 

The surface layer of the Berda series may be brown, 

grayish brown, or reddish brown, with a pale brown, grayish 

brown, light brownish gray, brown, light brown, light yel

lowish brown, light reddish brown, or reddish brown subsoil. 

The textural profile is loam in the surface layer, loam, 

clay loam, or sandy clay loam in the subsoil, and loam or 

fine sandy loam in the substratum. The surface may be from 

6 to 12 inches thick while the subsoil may extend to a 

depth of 48 inches or more. Permeability of the loam, the 

clay loam, and the sandy clay loam is 0.6 to 2.0 inches per 

hour (Geiger, and Mitchell, 1977). 
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Potter 

The textural profile of Potter soils varies from a 

fine sandy loam in the surface to calcrete in the substra

tum. The color varies from dark grayish brown to light 

brownish gray in the surface layer to the white of the cal

crete. Thickness of the surface layer ranges from 1 to 10 

inches. Usually calcrete is harder at the top of the sub

stratum and becomes softer at a depth of 26 to 30 inches. 

The fine sandy loam has a permeability of 0.5 to 0.9 inches 

per hour (Jacquot, I962). 

Miles-Springer-Woodward 

This soil association consists of 60 percent Miles 

and 20 percent each of the Springer and Woodward soils 

(Godfrey, McKee, and Oakes, 1973). 

Miles 

A textural profile of the Miles soil has the surface 

varying from fine sandy loam to loamy fine sand, the sub

soil from fine sandy loam to sandy clay loam, and the sub

strate from loamy fine sand to sandy clay loam. The sur

face layer ranges from pale brown to a reddish brown, the 

subsoil layer may be a reddish brown, red, or yellow, and 

the substrate is a reddish yellow to reddish brown. The 

substrate contains between 2 and 15 percent calcium car

bonate in the form of threads and films (Richardson, Grice, 

and Putnam, 1975). The permeability of the loamy fine sand 

and fine sandy loam is 2.0 to 6.3 inches per hour, with the 

permeability of the sandy clay loam at O.63 to 2.0 inches 

per hour (Hyde, Conner, and Stoner, 1973)-

Minor soils associated with Miles soils are Mobeetie, 

Latom, Olton, Spade, Veal, and Vernon (Richardson, Grice, 

and Putnam, 1975). 
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Springer 

The texture of the Springer series profile is loamy 

fine sand in the surface layer, fine sandy loam to sandy 

clay loam in the subsoil, and soft calcrete of fine sandy 

loam texture to indurated calcrete in the substrate. The 

surface is light reddish brown, reddish brown, light brown, 

or brown, the subsoil is reddish brown, reddish yellow, 

yellowish red, or red, and the substrate is pink at the top 

to white in the lower part. Thickness of the surface 

ranges from 8 to l6 inches, the subsoil 12 to 20 inches, 

with the depth to the substrate ranging from 28 to 60 

inches. The loamy fine sand has a permeability of 6.0 to 

20.0 inches per hour, but the fine sandy loam has a perme

ability of only 2.0 to 6.0 inches per hour (Geiger and 

Mitchell, 1977). 

Woodward 

Woodward soils vary from very fine sandy loam to loam 

in the surface, very fine sandy loam in the subsoil, and 

very fine sandy loam to sandstone or siltstone in the sub

stratum. Color varies from reddish brown to red in the 

surface, from reddish brown to dark brown in the subsoil, 

and from red to dark red in the substratum. The surface 

layer ranges from 6 to 15 inches thick with a 4 to 15 inch 

thick subsoil. The substratum may contain calcium carbonate 

accumulations in places. The very fine sandy loam has a 

permeability of 0.8 to 2.5 inches per hour (Jacquot, Geiger, 

and others, 1970). 

Patri ci a-Brownfi eld -Tiv oli 

In the Patricia-Brownfield-Tivoli soil association 

Patricia soils make up 60 percent of the association, 

Brownfield makes up 30 percent, and Tivoli 10 percent 

(Godfrey, McKee, and Oakes, 1973). 
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Patricia 

The surface layer is usually fine sand grading to 

loamy sand, the subsoil is sandy clay loam, and the sub

strate is sandy clay loam containing a large amount of hard 

calcrete. Colors range from brown to pale brown in the 

surface, reddish brown to yellowish red in the subsoil, and 

pink in the substratum (Turner, Cox, and others, 1974). 

The surface layer ranges from 8 to 20 inches thick, and 

the subsoil may be from 39 to 84 inches thick (Dixon, 1975). 

The substratum normally occurs at a depth of 46 to 60 

inches or more. The permeability of the fine sand is 6.3 

to 20.0 inches per hour and that of the sandy clay loam is 

0.63 to 2.0 inches per hour (Turner, Cox, and others, 1974). 

Brownfield 

Brownfield soils have a textural profile of fine sand 

at the surface, sandy clay loam in the subsoil, and fine 

sandy loam in the substratum. The color varies from a 

light brown to reddish yellow in the surface, to a reddish 

brown to red in the subsoil, and to reddish yellow in the 

substratum. The surface ranges in thickness from 12 to 18 

inches, and the subsoil from 20 to 40 inches. In most 

areas indurated calcrete occurs below a depth of 72 inches, 

but in a few areas calcrete may occur at a depth of 36 to 

54 inches. The loamy fine sand has a permeability of 5.0 

inches per hour, the sandy clay loam a permeability of O.50 

to 1,50 inches per hour, and the fine sandy loam a perme

ability of 1,0 to 2.0 inches per hour (Sanders, I962). 

Tivoli 

The Tivoli textural profile is noncalcareous fine 

sand. Colors range from pale brown or light yellowish 

brown in the surface to light yellowish brown or very pale 

brown in the substratum. Surface thickness ranges from 5 

to 10 inches. Permeability ranges from 5.0 "to 20.0 inches 

per hour (Sanders, I962). 
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Pullman-01ton-Mansker 

Fifty percent of this association consists of 

Pullman soil and 25 percent each of Olton and Mansker soils 

(Godfrey, McKee, and Oakes, 1973). 

Pullman 

Texture of Pullman soils ranges from light clay to 

silty clay loam in the surface, clay to silty clay in the 

subsoil, and silty clay in the substratum. Color varies 

from dark brown to dark grayish brown in the surface and 

subsoil to pinkish white in the substratum. Thickness of 

the surface ranges from 5 "to 8 inches, the subsoil from 30 

to 64 inches, with the depth to the substratum ranging 

from 36 to 70 inches or more. Soft concretions of calcium 

carbonate, which make up about 40 percent of the substra

tum, also occurs in the middle of the subsoil (Jacquot, 

1962). Permeability of the clay loam ranges from 0.20 to 

0.63 inch per hour, less than O.O6 inch per hour for the 

clay, and O.O6 to 0.20 inch per hour for the silty clay 

loam (Bruns, 1978). 

Minor soils associated with Pullman soils are Acuff, 

Drake, Estacado, Lipan, Lofton, Mansker, Olton, Posey, 

Randall, Tulia, Ulysses, and Zita (Blakely and Koos, 1974; 

Bruns, 1974; Bruns, 1978; Jacquot, Geiger, and others, 

1970; Neitsch and Blackstock, 1978). 

Olton 

Olton soils have a textural profile in which the sur

face is usually a clay loam, the subsoil a clay loam to 

heavy clay loam, and the substratum a sandy clay loam. 

Color varies from dark brown to dark reddish brown in the 

surface, reddish brown to brown in the subsoil, and pink to 

pinkish white in the substratum. The surface is 7 to 12 

inches thick, the subsoil 29 to 62 inches, and the substra

tum 10 to 30 inches thick. The substratum contains 10 to 
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15 percent calcium carbonate which occurs principally as 

weakly cemented concretions (Jacquot, Geiger, and others, 

1965), The permeability of the clay loam, heavy clay loam, 

and silty clay loam ranges from 0,2 to 0.8 inch per hour 

(Geiger, Bruns, and Chance, I968). 

Mansker 

The Mansker series was previously described under the 

Amarillo-Acuff-Mansker soil association. 

Tri omas-J almar-Penwell 

This soil association is composed of 40 percent 

Triomas soils, 40 percent Jalmar soils, and 20 percent of 

Penwell soils (Godfrey, McKee, and Oakes, 1973). 

Triomas 

Triomas soils have a dominantly fine sand surface, 

ranging to loamy fine sand to sandy clay loam in the sub

soil and substratum. Color varies from reddish brown or 

brown in the surface, to red, light red, reddish brown, or 

yellowish red in the subsoil, to reddish yellow in the sub

stratum. Surface thickness is 10 to 20 inches with the 

subsoil having a thickness of 46 to 56 inches. The sub

stratum usually occurs at a depth greater than 60 inches, 

but is not necessarily present in all locations. The fine 

sand has a permeability range from 6.3 to 20.0 inches per 

hour, while the sandy clay loam has a permeability of O.63 

to 2.0 inches per hour (Conner, Hyde, and Stoner, 1974). 

Jalmar 

Jalmar soils have fine sand in the surface and sandy 

clay loam in the subsoil and substratum. Color is reddish 

brown or brown in the surface, light red, red, or yellowish 

red in the subsoil, and reddish yellow in the substratum. 

The surface layer may be 22 to 39 inches in thickness, the 
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subsoil 28 to 48 inches in thickness, with the substratum 

usually at 50 to 70 inches beneath the surface. Grain 

coatings and soft masses of calcium carbonate occur in the 

substratum, occupying about 25 percent, by volume. The 

fine sand has a permeability of 6.3 to 20.0 inches per 

hour, but the sandy clay loam has a permeability of O.63 

to 2.0 inches per hour (Conner, Hyde, and Stoner, 1974). 

Penwell 

Penwell texture profile is fine sand. Color varies 

from pale brown or yellowish brown in the surface, to light 

brown or reddish yellow in the substratum. Thickness of 

the surface ranges from 8 to 15 inches, but the substratum 

may be 50 inches or more in thickness. Permeability of the 

fine sand is 6,3 to 20.0 inches per hour (Conner, Hyde, and 

Stoner, 1974). 



CHAPTER III 

MINOR SOILS CONTAINING CALCRETE ON SOUTHERN HIGH PLAINS 

There are 40 minor soils that contain calcrete on the 

Southern High Plains. Although the minor soils are not as 

widespread as the major soils, some nevertheless contain 

large amounts of calcrete. A description of these minor 

soils follows. 

Abilene 

Abilene soils consist of a textural profile of heavy 

clay loam in the surface, subsoil, and substrate layers. 

The surface and subsoil layers range in color from brown to 

dark grayish brown. Substrate, at a depth of 30 to 50 

inches, contains soft masses, films, threads, and concre

tions of calcium carbonate. Permeability ranges from 0.20 

to 0.63 inches per hour (Hyde, Conner, and Stoner, 1973). 

Arch 

The Arch profile varies from loam to light clay in the 

surface layer, to clay loam to silty clay loam in the sub

strate (Turner, Cox, and others, 1974). Color of the Arch 

soil series varies from grayish brown or light brownish gray 

on the surface, to light brownish gray or pale brown in the 

substrate. The surface layer may range in thickness from 

6 to 10 inches, and the subsoil may be 9 to 12 inches 

thick. Arch soils contain 40 to 68 percent soft calcrete 

in the substrate, at a depth of 15 to 20 inches. The cal

crete mostly occurs as masses and weakly cemented concre

tions (Dixon, 1975). Permeability of Arch soils is moder

ate, the loam and the soft calcrete (clay loam to silty 

clay loam texture) having a permeability of O.63 to 2.0 

inches per hour (Turner, Cox, and others, 1974). 

26 
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Arvana 

The Arvana series has a surface and subsoil layer of 

light fine sandy loam to heavy fine sandy loam, on a sub

strate of indurated calcrete. Color of the surface varies 

from reddish brown to dark reddish brown or brown, the sub

soil being reddish brown to yellowish red or red, and the 

substrate being pinkish white (Turner, Cox, and others, 

1974). The surface ranges from 4 to 12 inches thick, with 

the subsoil from 18 to 28 inches thick. The calcrete, 

which is indurated and platy, occurs at a depth of I6 to 

40 inches. The calcrete is strongly cemented (Stoner, 

Mitchell, and others, 1969), 2 to 6 feet thick, and is 

laminated in the topmost few inches. Below the strongly 

cemented calcrete is a layer of softer and weakly cemented 

calcrete. Permeability of the sandy clay loam ranges from 

0.63 to 2.0 inches per hour (Turner, Cox, and others, 

1974). 

Berino 

The Berino soils have a loamy sand to loamy fine sand 

surface, a heavy fine sandy loam to sandy clay loam sub

soil, and a light sandy clay loam substrate. Color of the 

surface is brown to reddish brown to yellowish red or red 

in the subsoil, and pink in the substrate. The substrate, 

at a depth of 29 to 60 inches, contains soft or strongly 

cemented calcrete in some locations where Berino is linked 

with Cacique soils. The permeability of Berino soils 

ranges from O.63 to 2,0 inches per hour for the sandy clay 

loam and soft calcrete of sandy clay loam texture (Turner, 

Cox, and others, 1974), 

Bippus 

The Bippus series textural profile consists only of 

clay loam. Color varies from dark grayish brown to dark 

brown in the surface layer, from dark grayish brown to 

brown and yellowish brown in the subsoil, and from dark 
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brown to brownish gray in the substrate (Girdner and 

Richardson, 1970). The surface layer may have a thickness 

of 15 to 30 inches, with the subsoil 12 to 27 inches in 

thickness. Poorly cemented calcium carbonate concretions 

with films and threads account for 1 to 5 percent of the 

subsoil and substrate. The clay loam has a permeability 

of 0,63 to 2.0 inches per hour (Dixon, 1975). 

Blakeney 

The Blakeney series consists of fine sandy loam sur

face and subsoil layers overlying a calcrete substrate. 

Color varies from brown to light brown in the surface and 

subsoil layers, to a white to pinkish white in the sub

strate. The surface layer ranges from 5 "to 10 inches 

thick, underlain by 7 to 14 inches of subsoil. Depth to 

the substrate ranges from 12 to 20 inches. Calcrete occurs 

as two different layers in the substrate. The top layer of 

white, strongly cemented and indurated calcrete plates 1 to 

3 inches in diameter and 2 to 8 inches thick, is underlain 

by weakly cemented white to pink calcrete. The permeability 

of the fine sandy loam is 2.0 to 6,3 inches per hour 

(Conner, Hyde, and Stoner, 1974). 

Cacique 

Cacique soil series have loamy sand or loamy fine sand 

in the surface layer, heavy fine sandy loam in the subsoil, 

and calcrete in the substrate. Colors range from brown to 

reddish brown or yellowish red in the surface, red or yel

lowish red in the subsoil, and white to pink in the sub

strate. Calcrete in the substrate, at a depth of 20 to 34 

inches, is indurated at the top but becomes decreasingly 

cemented with depth. Permeability of the loamy fine sand 

is 2.0 to 6.3 inches per hour, but that of the sandy clay 

loam is only O.63 to 2,0 inches per hour (Turner, Cox, and 

others, 197^). 
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Carey 

The surface of Carey soils is loam to silt loam or 

very fine sandy loam, the subsoil is light sandy clay loam 

to heavy very fine sandy loam, and the substrate is loam. 

Colors range from brown to reddish brown in the surface 

layer, red to reddish brown in the subsoil, and red in the 

substrate. The surface layer is from 8 to 14 inches thick 

with 10 to 24 inches of subsoil. Occasionally about 5 per

cent carbonate occurs in the upper part of the substrate in 

the form of concretions, usually at a depth of 30 to 70 

inches. The permeability of the loam and sandy clay loam 

is 0.8 to 2.5 inches per hour (Girdner and Richardson, 

1970). 

Conger 

Conger soils have a textural profile with loam at the 

surface, clay loam in the subsoil, and calcrete in the sub

strate. Colors range from grayish brown or brown at the 

surface, light brownish gray or pale brown in the subsoil 

(Conner, Hyde, and Stoner, 1974), and white in the upper 

part of the substrate to white, pink, or pinkish white in 

the lower part of the substrate (Watson, 1978). The sur

face layer may range from 4 to 6 inches in thickness, the 

subsoil ranges from 8 to 15 inches, and the substrate 

ranges from 12 to 24 inches thick. The upper part of the 

calcrete is strongly cemented, having a laminar layer in 

the uppermost part varying from 1/2-inch to 2 inches in 

thickness, and usually consisting of plates ranging from 

4 to 8 inches in diameter and from 1 to 3 inches in thick

ness (Conner, Hyde, and Stoner, 1974). The lower part of 

the substrate consists of weakly to strongly cemented cal

crete with a loam or clay loam texture (Watson, 1978). The 

loam and clay loam have a permeability of O.63 to 2.0 

inches per hour (Conner, Hyde, and Stoner, 1974). 
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Dalhart 

Dalhart soils consist of fine sandy loam to sandy clay 

loam in the surface, sandy clay loam to light clay in the 

subsoil, and sandy clay loam to calcrete in the substrate. 

Colors range from dark brown to brown in the surface layer, 

from dark brown to light brown in the subsoil, and light 

brown to pinkish gray in the substrate. The surface ranges 

in thickness from 7 to I3 inches, and the subsoil from 20 

to 28 inches. Ten to 30 percent of the top of the sub

strate, at a depth of 34 to 54 inches, contains calcium 

carbonate in the form of soft segregations. Immediately 

below the soft calcrete is a layer of hard pinkish gray 

calcrete at a depth of about 55 inches. Permeability of 

the fine sandy loam and sandy clay loam is O.5 to 1.0 inch 

per hour (Jacquot, I962). 

Douro 

The surface layer of the Douro soil is fine sandy 

loam, the subsoil is sandy clay loam, and the substrate is 

calcrete. Colors are reddish brown or brown in the surface 

and red, reddish brown, or yellowish red in the subsoil. 

The surface layer ranges 7 to 12 inches in thickness, the 

subsoil from I3 to 28 inches, and the depth of the sub

strate ranges from 20 to 40 inches. The calcrete is 

strongly cemented, laminar and with plates 2 to 8 inches 

in diameter and 1/2 to 8 inches thick in the upper part of 

the substrate (Conner, Hyde, and Stoner, 1974). The lower 

part of the substrate is 20 to 50 percent calcium carbonate 

(Watson, 1978). Permeability of the fine sandy loam is 2.0 

to 6,3 inches per hour, with permeability of the sandy clay 

loam ranging from O.63 to 2.0 inches per hour (Conner, Hyde, 

and Stoner, 1974). 

Gomez 

The Gomez soil is loamy fine sand in the surface, loam 

to heavy loamy fine sand in the subsoil, and soft calcrete 
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of fine sandy loam texture in the substrate. Colors vary 

from dark grayish brown to pale brown in the surface, brown 

to very pale brown in the subsoil, and white to pale brown 

in the substrate. The surface layer ranges from 10 to 20 

inches in thickness, with the subsoil layer ranging from 10 

to 34 inches. The soft calcrete in the substrate occurs at 

a depth of 20 to 50 inches. In the upper part of the sub

strate the calcrete accounts for 15 to 30 percent of the 

section, but only 5 to 10 percent in the lower part of the 

substrate (Stoner, Mitchell, and others, I969). Perme

ability of the loamy fine sand is 6.3 to 20.0 inches per 

hour, but the soft calcrete permeability ranges from 2.0 to 

6,3 inches per hour (Turner, Cox, and others, 1974). 

Jal 

The Jal soil varies in texture from fine sandy loam 

to loamy fine sand in the surface to soft calcrete of loam 

texture in the substrate. Colors range from pale brown in 

the surface to white to light gray in the substrate. The 

surface is about 12 inches thick, and the substrate, con

sisting of 25 to 50 percent calcium carbonate, may be more 

than 48 inches thick. The sandy loam has a permeability of 

from 2.0 to 6.3 inches per hour, but the calcrete has a 

permeability of only O.63 to 2.0 inches per hour (Turner, 

Cox, and others, 1974). 

Lea 

Lea soils consist of loam to light clay loam in the 

surface and subsoil layers, and loam to indurated calcrete 

in the substrate. Color is grayish brown in the surface 

layer, grayish brown to dark grayish brown in the subsoil, 

and light brown to white in the substrate. The surface 

ranges in thickness from 8 to 15 inches, with the subsoil, 

and light brown to white in the substrate. The surface 

ranges in thickness from 8 to I5 inches, with the subsoil 

ranging from 6 to 12 inches (Geiger, Bruns, and Chance, 
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1968), In the subsoil and upper part of the substrate soft 

concretions of calcium carbonate occur. However, at a 

depth of 20 to 50 inches several feet of indurated calcrete 

occurs which becomes less cemented with depth. Laminae 

occur in the upper part of the indurated calcrete (Turner, 

Cox, and others, 1974). Permeability of the loam and the 

clay loam ranges from 0.5 to 1.0 inch per hour (Geiger, 

Bruns, and Chance, I968). 

Likes 

The Likes series varies from loamy fine sand in the 

surface to loamy fine sand or fine sand in the substrate. 

Color varies from brown to grayish brown in the surface to 

light brown in the substrate. Thickness of the surface 

ranges from 26 to 50 inches. The substrate may contain 

nodular concretions of calcium carbonate (Jacquot, Geiger, 

and others, I968). Permeability of the loamy fine sand is 

2.0 to 6.0 inches per hour, with permeability of the fine 

sand ranging from 6.0 to 20.0 inches per hour (Neitsch and 

Blackstock, 1978). 

Lozier 

Lozier soils have gravelly loam over a limestone bed

rock with calcium carbonate coating the limestone. Color 

of the Lozier soils are light brown or light brownish gray 

in the surface to pink in the substrate and bedrock. The 

surface layer may be 4 to I6 inches thick. Permeability of 

the gravelly loam is 0.6 to 2.0 inches per hour (Watson, 

1978). 

Maij amar 

Maljamar soils range from fine sand to loamy fine sand 

in the surface layer, from light sandy clay loam to heavy 

sandy clay loam in the subsoil, and from sandy clay loam to 

soft calcrete in the substrate. Colors range from brown to 

yellowish red in the surface, to red in the subsoil, and 
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yellowish red in the top of the substratum to white in the 

lower part of the substratum. The surface layer is about 

24 inches thick, the subsoil about 20 inches thick, and the 

lower part of the substrate containing calcrete occurs at a 

depth of 40 to over 60 inches. The calcrete is white and 

is indurated. Permeability of the fine sand is 6.3 to 20.0 

inches per hour, but the permeability of the sandy clay 

loam is only O.63 to 2.0 inches per hour (Turner, Cox, and 

others, 1974), 

Mereta 

The Mereta series consists of a surface layer of clay 

loam over calcrete in the substrate. Colors range from 

brown, dark brown, grayish brown, or very dark grayish 

brown in the surface layer to white or pinkish white in the 

substrate. The surface layer is about 17 inches thick, 

with calcrete occurring at a depth of 14 to 20 inches in 

the substrate. The top of the calcrete is indurated but 

becomes strongly to weakly cemented in the lower part of 

the substrate. The upper part of the calcrete is white, 

but color becomes pink, pinkish white, or pinkish gray with 

depth. The permeability of the clay loam is 0,2 to 0.6 

inches per hour (Dixon, 1977). 

Midessa 

The Midessa series has a surface layer of light to 

heavy loam, a subsoil of loam to clay loam, and a calcrete 

substrate. Colors range from dark grayish brown to brown 

in the surface, grayish brown to light brown in the subsoil 

(Turner, Cox, and others, 1974), and pink, light reddish 

brown, or light brown in the substrate (Dixon, 1977). The 

calcrete, which is soft with a clay loam texture, occurs at 

a depth of 20 to 39 inches. The clay loam and the soft 

calcrete (clay loam texture) both have a permeability of 

0.63 to 2.0 inches per hour (Turner, Cox, and others, 1974) 
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Montoya 

Montoya soils vary in texture from light clay to heavy 

clay in the surface layer to clay or heavy clay in the sub

strate. Color is reddish brown for the whole profile. The 

surface layer ranges from 5 to 14 inches in thickness (Ross 

and Bailey, I967). Calcium carbonate concretions occur in 

the substrate. Permeability of the clay is 0.1 to 0.5 

inches per hour (Geiger, Bruns, and Chance, I968). 

Oz ona 

The Ozona series consists of a heavy clay loam surface, 

a heavy clay to light clay subsoil, and heavy clay loam or 

light clay over calcrete in the substrate. Colors range 

from dark brown to dark grayish brown in the surface layer, 

brown in the subsoil, and pale brown to white in the sub

strate. The surface layer ranges in thickness from 7 to 12 

inches, underlain by 6 to I6 inches of subsoil. The sub

strate usually occurs at a depth of 14 to 28 inches. About 

60 percent, by volume, of the upper part of the substrate 

consists of soft to strongly cemented calcium carbonate 

concretions. The calcrete horizon, overall, is indurated 

with laminar bands in the upper 1/2 inch. Permeability of 

both the clay and the clay loam is 0.2 to 0.8 inch per hour 

(Stoner, Mitchell, and others, I969). 

Pajarito 

Pajarito soils vary in texture from loamy fine sand to 

fine sand in the surface layer, light fine sandy loam in 

the subsoil, and light fine sandy loam in the substrate. 

Colors range from yellowish red to reddish brown in the sur

face, red in the subsoil, and light red in the substrate. 

Calcium carbonate, in the form of soft to hard white con

cretions, occurs in the lower part of the substrate at a 

depth ranging from 29 to 60 inches. The loamy fine sand 

has a permeability of 6.3 to 20.0 inches per hour, but the 
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fine sandy loam has a permeability of only 2.0 to 6.3 
inches per hour (Turner, Cox, and others, 1974). 

Palomas 

The Palomas soil has a textural profile of fine sand 

to coarse sand at surface, light sandy clay loam to heavy 

fine sandy loam in the subsoil, and calcrete of sandy loam 

texture in the substratum. Colors of the profile vary from 

reddish brown in the surface, red in the subsoil, to pinkish 

white in the substratum. The surface layer averages about 

16 inches in thickness, the subsoil about 44 inches, and 

depth to the substratum ranges from 42 to 70 inches. The 

fine sand has a permeability of 6.3 to 20.0 inches per 

hour. The fine sandy loam, sandy clay loam, and the soft 

calcrete all have permeabilities of O.63 to 2.0 inches per 

hour (Turner, Cox, and others, 1974). 

Portales 

A Portales textural profile exhibits loam to sandy 

clay loam at surface, and clay loam to sandy clay loam in 

the subsoil and substrate. Colors range from grayish brown 

to brown in the surface, pale brown to grayish brown or 

brown in the subsoil, and white to pale brown in the sub

strate. Thickness of the surface and subsoil layers may 

each be from 10 to 20 inches, with a depth to the substrate 

from 20 to 40 inches. Fifteen to 50 percent of the sub

strate is chalky calcium carbonate in the form of concre

tions (Girdner and Richardson, 1970). Permeability of the 

loam, clay loam, and soft calcrete (loam texture) is O.63 

to 2.0 inches per hour (Turner, Cox, and others, 1974). 

Quay 

Quay soils have a texture ranging from clay loam to 

fine sandy loam in the 6 to 11 inch thick surface layer, 

clay loam to light clay loam in the subsoil, and clay loam, 

clay or fine sandy loam in the substrate. Colors range 
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from reddish brown to brown in the surface layer, light 

reddish brown in the subsoil, and pink, reddish brown, or 

reddish yellow in the substrate. Calcium carbonate occurs 

in the substrate as hard concretions and as films and 

coatings on the sand grains. Permeability of the clay loam 

is 0.5 to 1.0 inch per hour, with permeability of the fine 

sandy loam at 1.0 to I.5 inches per hour (Geiger, Bruns, 

and Chance, I968). 

Reagan 

The texture of the Reagan soils varies from silty clay 

loam in the surface and subsoil, to a weakly cemented cal

crete grading down to silty clay loam in the substratum. 

Color varies from light brownish gray to brown in the sur

face, from pale brown to brown in the subsoil, and pinkish 

white or pink in the substratum. The surface may be 5 to 

10 inches thick; the subsoil 15 to 30 inches thick, with 

the substratum occurring at a depth of 20 to 40 inches. 

The substratum consists of 30 to 60 percent calcium car

bonate that is weakly to strongly cemented. The silty clay 

loam has a permeability of O.63 to 2.0 inches per hour 

(Hyde, Conner, and Stoner, 1973). 

Rowena 

Rowena soils have a textural profile in which the sur

face consists of clay loam or silty clay loam, the subsoil 

layer is of clay loam or clay, and the substrate consists 

of clay loam. The surface layer ranges in color from dark 

brown to dark grayish brown, the subsoil from dark brown, 

dark grayish brown, or grayish brown, and the substrate 

from a pink or yellowish red color at the top to a reddish 

yellow or yellowish red with depth. Calcium carbonate 

occurs as soft segregations and weakly cemented concre

tions, making up 15 to 40 percent in the upper part of the 

substrate to 10 to 25 percent in the lower part (Dixon, 

1975). The clay loam has a permeability of 0.8 to 2.5 
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inches per hour, and the clay a permeability of 0.2 to 0.8 

inches per hour (Stoner, Mitchell, and others, I969). 

Sharvana 

The Sharvana soil ranges in texture from fine sandy 

loam to loamy fine sand in the surface layer, from heavy 

fine sandy loam to light sandy clay loam in the subsoil, 

and calcrete in the substrate (Turner, Cox, and others, 

1974). The surface layer, from 6 to 8 inches in thickness, 

is underlain by 6 to 12 inches of subsoil. At a depth of 

10 to 20 inches in the substrate indurated calcrete as 

plates from 1 to 6 inches thick forms a zone from 10 to 36 

inches thick. Below the indurated calcrete is a layer of 

weakly cemented calcrete at a depth of 20 to 50 inches. 

The fine sandy loam has a permeability of 2.0 to 6.3 inches 

per hour, and the sandy clay loam has a permeability of 

from 0.63 to 2.0 inches per hour (Dixon, 1975). 

Simona 

The Simona soil texture varies from loam to fine sandy 

loam in the surface layer, fine sandy loam in the subsoil, 

and calcrete in the substrate. Colors vary from pale brown 

to grayish brown in the surface layer, dark brown to pale 

brown in the subsoil, and white in the substrate. The sur

face may range from 4 to 8 inches in thickness, underlain 

by 8 to 12 inches of subsoil. Depth to the substrate 

ranges from 12 to 20 inches. Calcrete, which occurs as 

indurated plates 2 to 3 feet thick and 3 "to 25 inches in 

diameter, is laminar in the upper part. Concretions of 

calcium carbonate occur between the plates (Stoner, 

Mitchell, and others, I969). Permeability of the fine 

sandy loam is 2.0 to 6.3 inches per hour (Turner, Cox, and 

others, 1974). 
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Stegall 

The Stegall series ranges in texture from loam to 

light clay in the surface, heavy clay loam to clay in the 

subsoil, and calcrete in the substrate. Colors of the 

Stegall range from grayish brown to brown in the surface 

layer, dark grayish brown or dark brown to reddish brown in 

the subsoil (Turner, Cox, and others, 1974), to white in 

the substrate. The surface may be from 4 to 8 inches thick, 

and the subsoil, from 18 to 29 inches thick. The substrate 

ranges in depth from 24 to 36 inches. Indurated calcrete 

plates ranging from 3 to 10 inches in diameter and from 2 

to 6 inches in thickness (Conner, Hyde, and Stoner, 1974), 

is 1 to 3 feet thick. The upper 1/2 to 2 inches of the cal

crete is laminar, while the main zone is underlain by 

softer and more massive calcrete (Dixon, 1975). The perme

ability of the sandy clay loam is 2.0 to 6.3 inches per 

hour (Turner, Cox, and others, 1974). 

Tillman 

Tillman soils have a textural profile of a clay loam 

surface, a heavy clay loam to clay subsoil, and a silty 

clay to clay substrate. The substrate also contains I5 to 

40 percent calcium carbonate at a depth of 24 to 70 inches. 

The surface layer varies from brown to reddish brown, the 

subsoil layer varies from reddish brown to yellowish red, 

and the substrate is a dark red. The clay loam has a 

permeability of 0.2 to 0.8 inch per hour, the clay has a 

permeability of less than O.05 inch per hour, and the silty 

clay loam has a permeability of O.05 to 0.20 inch per hour 

(Girdner and Richardson, I970). 

Tonuco 

The Tonuco series contains a textural profile in which 

the surface layer is loamy fine sand, underlain by a sub

strate of indurated calcrete. Colors rsinge from yellowish 
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red in the surface to white in the substrate. The loamy 
fine sand has a permeability greater than 20.0 inches per 
hour (Turner, Cox, and others, 1974). 

Ulysses 

The Ulysses soils vary in texture from clay loam to 

sandy clay loam in the surface layer, light clay loam to 

silty clay loam in the subsoil, and clay loam to heavy clay 

loam in the substrate. Colors range from grayish brown to 

dark grayish brown in the surface layer, grayish brown to 

light brownish gray in the subsoil, and from pale brown or 

light brown to pinkish white to yellowish red in the sub

strate. The surface layer may be 7 to 13 inches thick, the 

subsoil 20 to 30 inches thick, with the substrate at a 

depth of 27 to 43 inches. Three to 20 percent of the upper 

part of the substrate contains soft masses of calcrete. 

The lower layer of the substrate contains 5 to 10 percent 

of soft calcium carbonate in the form of soft masses, 

films, and threads (Geiger, Bruns, and Chance, I968). 

Permeability of the clay loam and silty clay loam is 0.2 to 

0.8 inch per hour (Jacquot, Geiger, and others, 1970). 

Upton 

The Upton texture varies from loam to gravelly loam 

in the surface (Hyde, Conner, and Stoner, 1973)1 loam or 

clay loam in the subsoil, and calcrete in the substrate. 

Colors range from brown, light brownish gray, or pinkish 

gray in the surface layer; pale brown, brown, or pinkish 

gray in the subsoil; and white to pink in the substrate 

(Watson, 1978). The surface layer is from 4 to 6 inches 

thick, with the substrate occurring at a depth of 6 to 20 

inches. Calcrete occurs in all horizons. In the surface 

layer calcrete, in the form of small fragments, makes up 2 

to 35 percent by volume (Hyde, Conner, and Stoner, 1973). 

Indurated white calcrete fragments which are character

istically platy and laminar in the upper surface account 
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for 15 to 30 percent of the substrate (Watson, 1978). The 

laminae, with a hardness of 3 to 4 on the Mohs' scale (Hyde, 

Conner, and Stoner, 1973)1 are from 3 to 10 inches in diam

eter and 1 to 3 inches thick. A zone of weakly cemented 

calcrete which is usually pink underlies the indurated cal

crete (Watson, 1978). Permeability of the loam and clay 

loam is O.63 to 2.0 inches per hour (Hyde, Conner, and 

Stoner, 1973). 

Vernon 

Vernon soils have a surface consisting of clay loam or 

clay, a subsoil consisting of clay loam or clay, and a sub

strate consisting of clay. The subsoil layer may contain 

some calcium carbonate concretions. The entire profile is 

red or reddish-brown (Dixon, 1975). The substrate is a red 

bed shale, clayey sandstone, or shaly clay. The clay loam 

has a permeability of 0.20 to O.63 inch per hour and the 

clay and partially weathered red beds have a permeability 

of less than O.O6 inch per hour (Richardson, Grice, and 

Putnam, 1975). 

Weymouth 

Weymouth soils vary from clay loam in the surface and 

subsoil to clay or clay loam in the substrate. Colors 

range from brown or reddish brown in the surface layer, 

reddish brown or yellowish red or red in the subsoil, and 

red or reddish brown in the substrate. The surface layer 

is 5 to 8 inches thick, and the subsoil, from 17 to 35 

inches thick. The substrate occurs at a depth of 20 to 40 

inches. Weakly cemented calcium carbonate concretions 

occur in the surface layer, subsoil, and substrate. The 

clay loam has a permeability of O.63 to 2.0 inches per 

hour, but the clay and partially weathered red bed material 

have a permeability of 0.20 to O.63 inch per hour (Dixon, 

1975). 
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Wichita 

Wichita soils vary in texture from loam to sandy clay 

loam in the surface, from light clay loam to heavy clay 

loam in the subsoil, and clay loam to loam in the sub

strate. Colors range from dark brown to brown to reddish 

brown in the surface layer, reddish brown to dark red in 

the subsoil, and light reddish brown in the substrate. The 

surface ranges from 6 to 11 inches thick, and the subsoil 

is usually about 40 inches thick. The substratum occurs at 

a depth of 46 to 51 inches. Weakly cemented calcium car

bonate concretions may account for 30 percent of the top 

part of the substrate. The clay loam and heavy clay loam 

have a permeability of 0,5 to I.50 inches per hour (Jacquot, 

Geiger, and others, I965). 

Wickett 

The textural profile of Wickett soils varies from a 

surface of loamy fine sand to a subsoil of fine sandy loam 

or loam on a substrate of calcrete. Colors of the profile 

vary from reddish brown or brown in the surface to yellowish 

red or reddish brown in the subsoil (Watson, 1978). The 

surface layer ranges from 8 to 20 inches in thickness, the 

subsoil from 12 to 20 inches, with the upper part of the 

calcrete starting at a depth of 20 to 40 inches. The cal

crete is usually strongly cemented or indurated in the 

upper 1/2 to 3 inch laminar section of the top to weakly 

cemented in the lower part. The upper laminated part of 

the calcrete also consists of plates ranging from 2 to 8 

inches in diameter and from 1/2 to 8 inches in thickness 

(Conner, Hyde, and Stoner, 1974). Permeability ranges from 

6,0 to 20.0 inches per hour for the loamy fine sand to 2.0 

to 6.0 inches per hour for the fine sandy loam (Watson, 

1978). 
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Wink 

Wink soils have a textural profile of fine sand to 

loamy sand at surface, sandy loam in the subsoil, and soft 

calcrete of sandy loam texture in the substrate. Colors 

range from brown to pale brown in the surface and subsoil, 

and light gray or white in the substratum. The surface is 

about 12 inches thick, the subsoil is about 11 inches thick, 

and the depth to substratum ranges from 20 to 36 inches. 

The upper part of the substratum may contain a few weakly 

cemented calcium carbonate concretions. The permeability 

of the fine sand is 2.0 to 20.0 inches per hour, with the 

permeability of the sandy loam and soft calcrete at 2.0 to 

6.3 inches per hour (Turner, Cox, and others, 1974). 

Zita 

The Zita soil series has a textural profile of loam 

or fine sandy loam at surface, clay loam or sandy clay loam 

in the subsoil, and soft calcrete of silty clay loam or 

clay loam texture in the substratum. Color is brown to 

dark grayish brown in the surface, brown to light grayish 

brown in the subsoil, and white to pinkish gray to light 

gray or very pale brown in the substratum. The surface 

ranges in thickness from 10 to 20 inches, the subsoil may 

be from 12 to 24 inches thick, and the depth to the sub

stratum ranges from 22 to 44 inches. The substratum may 

contain 20 to 70 percent fine concretions of calcium car

bonate (Blackstock, 1979). The loam and soft calcrete 

have a permeability of O.63 to 2.0 inches per hour (Turner, 

Cox, and others, 1974). 



CHAPTER IV 

GEOLOGIC HISTORY OF THE SOUTHERN HIGH PLAINS 

Figure 3 illustrates the General Geologic map of the 

Southern High Plains and Figure 2 is a General Soil map 

overlay of the same area. Several correlations of regional 

extent exist. In the southwestern part of the Southern 

High Plains, principally in Lea and in the eastern part of 

Chaves counties. New Mexico, the geologic map shows Tertiary 

Ogallala. To the east and south, in Yoakum, Gaines, and 

Andrews counties, Texas, are Holocene windblown deposits. 

These two geologic divisions correspond, respectively, with 

Patricia-Brownfield-Tivoli and Triomas-Jalmar-Penwell gen

eral soil associations. These general soil associations 

both contain calcrete, the first containing indurated cal

crete and the latter containing soft masses of calcrete. 

Non-calcrete bearing soils are Tivoli and Penwell. 

The south-eastern to central portion of the Southern 

High Plains is mapped as Pullman-Olton-Mansker general soil 

association. This soil association corresponds to the 

Pleistocene Blackwater Draw Formation (which was previously 

mapped as windblown cover sands) and the Holocene windblown 

deposits in the central portion of the study area. All of 

these soils contain calcrete, as either soft masses or 

concretions. 

The northern portion of the geologic map is Pleistocene 

loess which corresponds with the general soil association 

Pullman-01ton-Mansker. Calcrete occurs as soft masses and 

concretions in this area. In the northeastern corner of 

the study area, in Armstrong County, on the eastern edge of 

the "caprock", the soil map illustrates Mansker-Berda-Potter 

and Miles-Springer-Woodward. This corresponds to the north

eastern border of the Pleistocene loess on the geologic map. 

Calcrete occurs in these soils as soft masses and concre

tions, except in Springer soils where it is indurated. 

^3 
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In the very southern part of the Southern High Plains 

Figure 2 depicts Kimbrough-Slaughter in Andrews, Martin, 

Ector, and Midland counties, Texas. Both of these soils 

contain indurated calcrete. This association appears to 

be an extension of the Holocene-Pleistocene calcrete zone 

on the geologic map and the very southern edge of the 

Pleistocene Blackwater Draw Formation. 



CHAPTER V 

CHARACTERISTICS, AGE AND MINERALOGY OF 
CALCRETE, SOUTHERN HIGH PLAINS 

Megascopic Characteristics 

The most prominent megascopic features of calcrete 

samples collected from the study area are laminae and 

pisolites, although nodules, common opal, and brecciated 

pieces also sporadically occur. 

Laminae 

Laminations result from calcrete being exposed to 

infiltration of the erosional surface during or after 

deposition. Laminae result from a plugged calcrete horizon, 

thus effectively preventing infiltration of water. This 

forces surface water to move laterally creating additional 

laminae (Reeves, 1976). 

Laminations were observed in approximately one-third 

of the samples collected. Thickness of the laminae ranges 

from one-eigth to three-fourths of an inch. Density of the 

laminations was always greater than that of the rest of the 

calcrete. 

Pisolites 

According to PettiJohn (1949) pisolites are defined 

as "a spherical or subspherical accretionary body over 2 

mm in diameter." In the calcrete zones the core of most 

pisolites is a single sand grain surrounded by concentric 

bands of calcium carbonate. The formation of pisolites in 

a calcrete apparently results from the soil profile expe

riencing successive periods of wetness and dryness. Pow

dered calcium carbonate, in the form of loess, is deposited 

during the dry periods and taken into solution and precip

itated during wet periods. According to Reeves (1976) 

there are often thicker laminations on the lower sides of 
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each pisolite, which was confirmed in several of the 

samples examined. 

The extent to which pisolites develop in a calcrete 

is more or less an indication of time or at least an 

expression of how long the section has been affected by 

alternate wetting and drying. Thus, in the study area the 

older Pliocene Ogallala calcrete often contains pisolites 

whereas younger Pleistocene calcretes usually exhibit no 

pisolitic development. 

Relative Age and Mineralogy of Calcrete, 
Southern High Plains 

The relative age of calcrete may be determined from 

the silica:calcium carbonate ratio and the form of silica 

present. Youthful calcrete is crumbly, poorly cemented, 

and with a large amount of silica in the form of discrete 

sand grains (Reeves, 1970b). As more water containing cal

cium carbonate passes through the calcrete, more calcite is 

deposited, cementation becomes greater and the mature stage 

is reached when the silica:calcium carbonate ratio is equal. 

With advanced stages of dissolution of parent materials and 

grains taking place, the silica is replaced with calcium 

carbonate (Reeves, 1976). The silica is deposited as 

different polymorphs of quartz. Secondary replacement of 

calcium carbonate by silica then occurs in old calcretes 

after precipitation of silica cements (Sundin, 1974). Once 

again, in old calcrete, the silica:calcium carbonate ratio 

is high, but the silica is now diagenetic. 

The mean percentage of mineral composition of calcrete 

is CaCOo 79.28, CaO 42,62, SiO^ 12.30, IVIgO 3.05, Al20^ 

2.12, FeO^ 2.03 (Goudie, 1972), Samples collected from the 

Southern High Plains ranged from 10 to 95 percent calcium 

carbonate (65 percent average), and from 5 to 80 percent 

silica (34 percent average. Feldspar was a common acces

sory and dolomite was found in one sample. 

Sample #21.P was the only sample having a greater 
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percentage of quartz grains to calcite, thus was considered 

a young calcrete. 

The majority of samples were mature calcretes. Calcite 

was higher than 50 percent in most of the samples, ranging 

from approximately 50 to 95 percent. Samples #1, 2, 3, 5t 

7.P., 12, 16, 19, 20, 21, 22, and 25 were classified as 

mature calcretes based on the amount of calcite present. 

The stratigraphic age of all but samples #7.P., 12, and 21 

is Pliocene, with these three being Pleistocene in age. 

Samples classed as late mature calcretes, based on the 

presence of diagenetic quartz were #14, 15, 17, 18, 24, and 

26. All of the samples are of Pliocene age. 

Sample #7.0. was classified as old calcrete because it 

was approximately 80 percent silica: the flinty and 

siliceous zone of Hawley and Gile (I966). 



CHAPTER VI 

PETROGRAPHY, POROSITY, PERMEABILITY, AND DIAGENESIS 
OF CALCRETE, SOUTHERN HIGH PLAINS 

Permeability and porosity of soils with calcrete hor

izons is dependent principally on relative age of the cal

crete. Young calcretes, being poorly cemented, have the 

highest permeability. Mature calcretes exhibit less 

porosity and less permeability than younger calcretes due 

to increased cementation, initial formation of nodules and 

pisolites, and perhaps some laminae. Old calcretes tend to 

be well cemented, the density due to deposition of silica 

and opal reducing porosity and permeability to the lowest 

values. As shown in Table 2, permeability of soils con

taining young calcretes averages 0.88 to 3.6 inches per 

hour, falling to 0.81 to 2.2 inches per hour for soils with 

mature calcrete. Soils with old calcrete profiles have 

permeability range of 0.0 to 0.6 inches per hour. Figure 4 

is a regional permeability map of the study area as related 

to the general soil association (Figure 2). Figure 5 is a 

map relating the general type of calcrete found in the 

general soil associations. 

Samples collected, although representative of the 

various general soils of the Southern High Plains (Figure 

2) from widespread localities (Figure lA), exhibit the same 

diagenetic pattern. The diagenetic pattern in turn affects 

the porosity and permeability. The diagenetic pattern is 

outlined below, with its effect on porosity and perme

ability. 

1. The materials were deposited (mostly quartz grains 

with some feldspars). Most of the grains were coated with 

micrite, a film deposited by the evaporation of water 

(Figure 6). Micrite is present in samples #1, 2, 3, 5f 12, 

14, 15, 16, 17, 20, 21.P., 22, 25, and 26, or 70 percent of 

the samples collected. 
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Figure 6 - Micrite coating quartz grains (sample #l4) 

Figure 7 - Dogtooth calcite crystals lining a vug 
(sample #12) 



52 
2. More and more micrite is deposited, creating a 

thicker coating around the grains. Then the micrite begins 

to fill in the primary pore space. The more micrite that 

is deposited, the more the grains are pushed apart and in 

the course, changing the texture from grain supported to 

mud supported (Wells, 1974). Samples #2, 3, 5, 7.P., 12, 

15, 16, 17, 18, 20, 21.P., 22, 24, 25, and 26 are mud 

supported, or 75 percent of the samples collected. 

Primary porosity is found in the form of interstitial 

pore space between grains in the calcrete. Primary poros

ity in young calcretes would be considerable, due to lack 

of cementation. 

The micrite occludes the primary porosity in the 

calcrete. Primary porosity is all but lacking in the 

calcrete samples collected. However, in young calcretes 

primary porosity would be at its greatest, owing to lack 

of cementation. In mature calcretes, primary porosity is 

almost totally lacking due to calcium carbonate deposited 

from water flowing through the calcrete. Water may also 

deposit illuvial clay in the vugs. Keys and Brown (1970) 

have found that clay and calcium carbonate decrease the 

permeability greatly. Micrite grain coatings also serve 

to block interstitial pore space. Continuous depositing 

of micrite also occludes primary pore space. All of the 

samples collected were observed to have practically no 

primary porosity. 

3. Sparry anhydrite has been deposited as a combi

nation void-fill and replacement in samples #1, 2, 3, 7.P., 

16, 17, 19, 21.P., 22, 24, and 25, or 55 percent of the 

samples collected. Celestite is found with the sparry 

anhydrite in sample #3. 

4. Calcite replaces sparry anhydrite in sample #26, 

as evidenced by tiny specks of anhydrite engulfed by the 

calcite. 
5. Solution channels are formed and as the water 

passes through the vugs scalenohedral calcite crystals are 
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deposited along the sides of the vugs (Figure 7). This 

phenomenon is seen in samples #1, 3, 5, 12, 14, 17, 18, 19, 

20, 21, 22, 24, and 26. 

Secondary porosity has a major effect on the porosity 

and permeability of the calcrete samples collected. Secon

dary voids may be caused by root molds and worm cavities 

(Wells, 1974). However, neither of these were observed in 

the samples collected, though this does not rule out that 

they do not exist in the study area. Wells (1974) found 

several root molds in cores of Ogallala calcrete, although 

he did not find any evidence of worm cavities. These would 

have provided natural passageways for the transport of 

water through the sediments, if the passageways remained 

open after the plant died. Secondary solution may occur 

along these original secondary voids, or along other voids. 

These become greatly enlarged by water flowing through the 

calcrete. The major kind of secondary porosity observed in 

the samples was solution. 

The major device for occluding secondary porosity as 

observed in the samples, was the deposition of scalenohedral 

or dogtooth calcite crystals. As the water flowed through 

the young calcretes, it not only dissolved long channels 

but, because the water continued to flow through the vugs, 

more and more calcium carbonate was deposited, and finally, 

most of the solution vugs were completely blocked. Not all 

solution channels observed in the samples were completely 

blocked; however, the majority of the samples did have 

blocked solution channels. Mature calcretes tend to have 

solution channels filled or almost completely filled. 

Reeves (1970a) described jointing in the Southern High 

Plains. From analyzing aerial photographs of the Llano 

Estacado, he discovered that the lineaments were basically 

northwest-southeast. This jointing that took place would 

have had a big effect on the porosity. Several grains were 

noticed in sample #17 that had been fractured, with calcite 
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cement later filling in the fracture (Figure 8). 

Pisolitic growth, also an occluding factor, expands 

occluding that area (Wells, 1974). Pisolites were found 

in Ogallala calcretes, as compared to the Pleistocene 

calcretes in which they are not found (Frye and Leonard, 

1972). Thus, the pisolites are a distinctive character

istic of the relative age of calcrete and indicate a mature 

to old calcrete. 

6. Along many solution channels microspar crystals 

(ranging up to 25 microns) occur as a result of material 

along the vugs recrystallizing (Wells, 1974). Samples #3, 

5, 12, 14, 15, 17, 18, 19, 20, 21, 22, 24, and 26 contain 

microspar along the solution channels. The microspar is 

characterized by an undulose extinction. This has been 

assumed by Jacka (1974) as a way of determining solution 

precipitation replacement phenomena. This is very charac

teristic of calcrete as it matures, as episodes of solution 

and precipitation alternate. 

7. The fresh water flowing through the calcrete 

dissolves out the sparry anhydrite, leaving distinctive 

stairstep voids (Figure 9). Samples #1, 2, 3, 7.P', 16, 

17, 19, 21.P., 22, 24, and 25 exhibit stairstep voids. 

8. Silica in the form of polymorphs replaces calcite. 

Microquartz occurs in samples #7.P., 14, 17, 18, 24, and 

26 and occurs as a replacement, usually replacing the cal

cite. Chalcedonite occurs as both replacement and void-

fill in the calcrete samples. Chalcedonite occurring as 

replacement is found in samples #14 and 18, and is found 

along with microquartz. Chalcedonite occurs as void-fill 

in samples #7.0. (Figure 10 and #20 (Figure 11), with the 

chalcedonite occurring as a stalactitic growth in Figure 

11. Cristobalite is found in samples #18, 7.0., and 20 

and only occurs as void-fill. Megaquartz is found in 

samples #12 and 21 as void-fill (Figure 12). 

Silica cement was also observed as a void-filling 
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Figure 8 - Fractured grain (sample #17) 

Figure 9 - Stairstep voids of sparry anhydrite (sample 
#7.P.) 
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Figure 10 - Chalcedonite lining void (sample #7.0.) 

Figure 11 - Chalcedonite occurring as stalactitic growth 
(sample #20) 
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Figure 12 - Megaquartz lining vug (sample #21) 
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mineral in secondary solution channels. Megaquartz 

(samples #12 and 21), cristobalite (samples #7.0., 18, and 

20), and chalcedonite (sample #20) occur as a void-filling 

cement. These partially or completely fill vugs. Wells 

(1974) states that there is a decrease of permeability when 

silica cement fills solution channels and vugs. This is 

evident when looking at the thin sections. The calcrete is 

made dense by silica cement, and even more dense by the 

secondary replacement of the carbonate by silica. Micro

quartz (samples #7.P., 14, 17, 18, 24, and 26) is the major 

silica polymorph that occurs in the samples collected. 

Chalcedonite (in samples #14 and 18) also occurs with the 

microquartz as replacement phenomena. Common opal occurs 

as seams in sample #18 (Figure 13). The replacement of 

carbonate by silica is indicative of the age of calcrete 

(Sundin, 1974). Reeves (1970b) says that diagenetic 

quartz may occur in the late mature to old stages of cal

crete. Thus, this secondary occluding factor is also 

indicative of the relative age of the calcrete. 



CHAPTER VII 

CONCLUSIONS 

The prominence of calcrete horizons in most soils on 

the Southern High Plains of Texas and Eastern New Mexico 

interferes with the natural recharge of the Ogallala 

aquifer, reducing permeability rates often to less than 

one inch per hour. The two general soils on the Southern 

High Plains not having calcrete profiles exhibit a perme

ability range of 6,3 to 20.0 inches per hour. 

Calcrete on the Southern High Plains is principally 

of Pliocene and/or Pleistocene age. Pleistocene calcrete 

is characteristically soft and powdery but can be hard and 

dense if the profile was subjected to extreme infiltration. 

Pliocene Ogallala calcrete is usually hard but can be soft 

in places if the profile has not been exposed or located 

near surface. 

Permeability of the calcrete is affected by relative 

age of the calcrete. In general, the older the calcrete, 

the less permeable the section. Young calcretes are 

typically crumbly and soft with the calcium carbonate 

acting as a film on the parent sand grains rather than a 

cement. Mature calcretes become plugged and cemented with 

calcite deposited as dogtooth or scalenohedral crystals in 

solution channels. In late mature and old calcretes silica 

polymorphs and diagenetic opal occurs as fillings, replace

ment, and cement. Old calcretes are characteristically 

harder and less permeable, yet young calcrete can become 

just as hard when exposed to surface or near-surface con

ditions. From Table 2 the average range of permeabilities 

and the median permeability value was found for the dif

ferent ages of calcrete (Table 4). As predicted, this 

table shows a decreasing porosity from young to old cal

cretes, with the most dramatic decrease occurring from 

mature to old calcretes. 
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Table 4: AVERAGE AND MEDIAN PERMEABILITY VALUES FOR 
CALCRETES IN TERMS OF RELATIVE AGE 

AVERAGE PERMEABILITY MEDIAN PERMEABILITY 
AGE RANGE (inches/hour) (inches/hour) 

Youth 0.75 - 3.26 2.01 

Mature O.7I - 2.19 1.45 

Old 0.00-0.30 0.15 

Porosity in samples examined was found to be almost 

entirely secondary and tertiary. There appears to be 

little or no primary porosity left in calcrete profiles. 

Secondary solution channels in most profiles have provided 

a major means of permeability. However, the majority of 

the solution channels exhibit evidence of near-complete 

filling by scalenohedral calcite crystals. Recrystalli-

zation of areas around the secondary solution channels also 

typically occurs. Tertiary porosity is usually present as 

stairstep voids, representing dissolution of anhydrite by 

infiltrating ground water. 

The porosity and permeability of calcrete is greatly 

affected by the calcrete texture, as related in Table 1. 

From this table, the average permeability range and median 

values were found for these three different calcrete 

textures, 

TABLE 5: AVERAGE AND MEDIAN PERMEABILITY VALUES AS 
RELATED TO TYPE OF CALCRETE 

AVERAGE PERMEABILITY MEDIAN PERMEABILITY 
CALCRETE TYPE RANGE (inches/hour) (inches/hour) 

concretions 0.70-2.19 1.445 

soft masses 0.57 - 1-98 1.275 
indurated 0.06 - 0.18 0.12 

Table 5 shows a dramatic decrease in permeability of 

soils containing concretions and soft masses of calcrete 

to soils having indurated calcrete profiles. There is a 
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close permeability range between soft masses and concre

tions. The soils with concretions were found to be 

slightly more permeable than soils with soft masses. This 

is probably due to the concretions being more concentrated 

in area and the masses (as the name implies) being less 

concentrated in area and taking up more space, thus making 

the soil less permeable. 

Features owing to reduced porosity and permeability 

are: (1) indurated, strongly cemented, or platy calcrete, 

(2) laminations, (3) scalenohedral calcite crystals 

plugging up solution channels, (4) presence of diagenetic 

quartz polymorphs, and (5) presence of opal. 

Indurated calcrete is concentrated in the southern 

half of the study area (Figure 5), in Patricia, Brownfield, 

Kimbrough, and Slaughter general soils, with the calcrete 

becoming platy in the latter two. Indurated calcrete is 

also found in the extreme northeast corner of the study 

area in Berda, Potter, and Springer general soils. 

The rest of the general soils on the Southern High 

Plains, with the exception of two soils which contain no 

calcrete, contain calcrete in the form of concretions 

and/or soft masses. 
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SAMPLE 1 

Location: 22 miles west of Lamesa on U.S. Highway 180, 

north side of highway (I6.7 miles west of the inter

section of U.S. Highway 180 and Farm Road 829), in 

calcrete pit; Gaines County, Texas 

Age: Pliocene 

Megascopic characteristics: laminae up to 1/8 inch in 

thickness; pisolites up to 8 cm in diameter; tan to 

light brown in color; slightly porous 

Classification: oopelgrapestone packstone 

Mineral constituents: quartz, microquartz, plagioclase, 

calcite 

Approximate mineral percentages: 60% calcite, 40% silica, 

trace feldspar 

General soil association: Patricia-Brownfield-Tivoli 

Soil series: Gomez 

Permeability: 0.5-1-5 inches per hour 

Possible movement of water through sample: Low perme

ability figures indicate these calcretes are rela

tively impermeable due to secondary solution channels 

being filled with calcite crystals. 

Relative age of calcrete: mature 
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SAMPLE 2 

Location: 20.3 miles southwest on State Highway 115 f'rom 

junction of State Highways 115 and 349 at Patricia on 

north side of the highway, in calcrete pit at east end 

of the pit (top layer); Andrews County, Texas 

Age: Pliocene 

Megascopic characteristics: porous; pisolites up to 1/8 

inch in diameter; laminae; light brown in color 

Classification: oopelgrapestone wackestone 

Mineral constituents: microquartz, quartz, plagioclase, 

calcite 

Approximate mineral percentages: 85% calcite, 15^ silica, 

trace feldspar 

General soil association: Triomas-Jalmar-Penwell 

Soil series: Kimbrough 

Permeability: 

Possible movement of water through sample: Movement of 

water through these calcretes would occur. Perme

ability occurs as stairstep voids throughout the 

thin section. Additional permeability is by sec

ondary solution channels. 

Relative age of calcrete: mature 



70 
SAMPLE 3 

Location: 9.6 miles south on State Highway 349 from 

junction of State Highways 349 and I76 (towards 

Midland) on east side of the pit (top layer of 

calcrete); Martin County, Texas 

Age: Pliocene 

Megascopic characteristics: dense and hard; laminae up 

to 1/8 inch in thickness; pisolites; reddish brown 

in color; low porosity 

Classification: oopelgrapestone wackestone 

Mineral constituents: microquartz, plagioclase, quartz, 

calcite 

Approximate mineral percentages: 10% silica, 90% calcite, 

trace feldspar 

General soil association: Kimbrough-Slaughter 

Soil series: Kimbrough-Slaughter 

Permeability: 

Possible movement of water through sample: Parts of cal

crete are porous, but other parts are dense. Laminae 

are impermeable. 

Relative age of calcrete: mature 
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SAMPLE 5 

Location: 3 miles south of junction of Farm Roads I785 

and 669 on Farm Road 669 (between Gail and Big Spring) 

on east side of highway, at surface; Howard County, 

Texas 

Age: Pliocene 

Megascopic characteristics: porous; soft; light brown to 

light pink in color; nodules 

Classification: pel wackestone 

Mineral constituents: quartz, microquartz, quartzine, 

plagioclase, calcite 

Approximate mineral percentages: 65% calcite, 35% silica, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Olton 

Permeability 0.2-0,8 inches per hour 

Possible movement of water through sample: Low perme

ability figures indicate some movement of water would 

occur in these calcretes due to secondary solution 

vugs which have been only partially filled with 

scalenohedral calcite crystals. 

Relative age of calcrete: mature 
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SAMPLE 7.0. 

Location: 1,8 miles east from entrance of Palo Duro State 

Park on north side of highway (top of Ogallala); 

Randall County, Texas 

Age: Pliocene 

Megascopic characteristics: hard and dense; slightly 

porous; pink color; nodules 

Classification: packstone 

Mineral constituents: microquartz, plagioclase, micro-

cline, quartz, calcite 

Approximate mineral percentages: 80% silica, 10% calcite, 

10% feldspar 

General soil association: Woodward-Quinlan-Vernon 

Soil series: Potter 

Permeability: 

Possible movement of water through sample: Some water 

movement would occur in these calcretes due to inter-

granular porosity. However, there are areas where 

the intergranular porosity has been occluded by 

silica polymorphs. 

Relative age of calcrete: old 
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SAMPLE 7.P. 

Location: 1.8 miles east from entrance of Palo Duro State 

Park on east side of highway (above the curve); 

Randall County, Texas 

Age: Pleistocene 

Megascopic characteristics: soft and powdery; porous; 

white in color 

Classification: pel wackestone 

Mineral constituents: microquartz, plagioclase, quartz, 

calcite 

Approximate mineral percentages: 95% calcite, 5% silica, 

trace feldspar 

General soil association: Woodward-Quinlan-Vernon 

Soil series: Potter 

Permeability: 0.8-2.5 inches per hour 

Possible movement of water through sample: High perme

ability figures show water would move through these 

calcretes due to tertiary voids. Secondary solution 

connects some voids, increasing permeability. 

Relative age of calcrete: mature 
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SAMPLE 12 

Location: 5 miles south on State Highway 207 south of 

Floydada city limits sign, on east side of highway 

(2 miles south of junction of State Highway 207 and 

Farm Road 37 on State Highway 207 south of Floydada); 

Floyd County, Texas 

Age: Pleistocene 

Megascopic characteristics: porous; light brown to light 

pink in color; nodules 

Classification: oobiopel wackestone 

Mineral constituents: microquartz, plagioclase, quartz, 

calcite 

Approximate mineral percentages: 15%) calcite, 25% silica, 

trace feldspar 

General soil association: Pullman-Olton-Mansker 

Soil series: Olton 

Permeability: 0.2-0,6 inches per hour 

Possible movement of water through sample: Low perme

ability figures result from solution ways and inter

granular space being filled by calcite cement. 

Relative age of calcrete: mature 



15 
SAMPLE 14 

Location: 2,9 miles east from junction of Farm Road 651 

and U.S. Highway 82 and State Highway 114 on U.S. 

Highway 82 and State Highway 114 on south side of 

highway; Crosby County, Texas 

Age: Pliocene 

Megascopic characteristics: hard and dense; laminae up to 

3/16 inch in thickness; pisolites; light brown to tan 

in color; low porosity 

Classification: oopel packstone 

Mineral constituents: microquartz, plagioclase, quartz, 

calcite 

Approximate mineral percentages: 6o% calcite, 40% silica, 

trace feldspar 

General soil association: Miles-Brownfield-Olton 

Soil series: Potter 

Permeability: 

Possible movement of water through sample: At one time 

these calcretes were permeable due to large secondary 

solution channels. However, secondary calcite cement 

now blocks most channels; thus permeability would be 

low. 

Relative age of calcrete: late mature 



1(^ 
SAMPLE 15 

Location: Lake Ransom Canyon (top of Ogallala calcrete); 

Lubbock County, Texas 

Age: Pliocene 

Megascopic characteristics: laminae up to 1/2 inch thick; 

light reddish brown in color; laminae are very dense, 

other areas slightly porous 

Classification: oopel wackestone 

Mineral constituents: microquartz, quartz, chalcedonite, 

calcite 

Approximate mineral percentages: G5%) silica, 35% calcite, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Potter 

Permeability: 0.6-2.0 inches per hour 

Possible movement of water through sample: Low perme

ability figures show that relatively thick laminae 

prevent vertical movement of water. 

Relative age of calcrete: late mature 
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SAMPLE 16 

Location: 1 mile east of Plains on U.S. Highways 82 and 

380 on south side of highway; Yoakum County, Texas 

Age: Pliocene 

Megascopic characteristics: laminae up to 3/4 inch in 

thickness; nodules; tan to light brown in color; 

porous 

Classification: oopel wackestone 

Mineral constituents: quartz, plagioclase, tridymite, 

microquartz, calcite 

Approximate mineral percentages: 95% calcite, 5% silica, 

trace feldspar 

General soil association: Patricia-Brownfield-Tivoli 

Soil series: Kimbrough 

Permeability: 

Possible movement of water through sample: Water would 

flow through secondary solution vugs and tertiary 

voids. 

Relative age of calcrete: mature 
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SAMPLE 17 

Location: San Juan Mesa; Chaves County, New Mexico 

Age: Pliocene 

Megascopic characteristics: fractured; pink color; laminae 

up to 1/4 inch thick; slightly porous; nodules 

Classification: oopelpiso wackestone 

Mineral constituents: microquartz, microcline, quartz, 

plagioclase, chalcedonite 

Approximate mineral percentages: 15%o calcite, 25% silica, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Stegall 

Permeability: 0.8-1,5 inches per hour 

Possible movement of water through sample: Low movement 

of water through these calcretes occurs due to sec

ondary solution channels not being completely filled 

with calcite. 

Relative age of calcrete: late mature 
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SAMPLE 18 

Location: Mescalero Escarpment, 10 miles south of 

Caprock, New Mexico; Lea County 

Age: Pliocene 

Megascopic characteristics: brown to light tan color; 

porous; light brown nodules; seams of common opal 

Classification: pel wackestone 

Mineral constituents: plagioclase, microquartz, micro

cline, cristobalite, chalcedonite, calcite 

Approximate mineral percentages: 50% calcite, 50% silica, 

trace feldspar 

General soil association: Patricia-Brownfield-Tivoli 

Soil series: Kimbrough-Lea 

Permeability: 0.63-2.0 inches per hour 

Possible movement of water through sample: Large sec

ondary solution vugs will readily allow water flow 

through these calcretes except where there are seams 

of opal 

Relative age of calcrete: late mature 
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SAMPLE 19 

Location: near Caprock (basal Ogallala gravel); Lea 

County, New Mexico 

Age: Pliocene 

Megascopic characteristics: conglomerate; light brown in 

color; porous 

Classification: biopel packstone 

Mineral constituents: microquartz, quartz, plagioclase, 

calcite 

Approximate mineral percentages: 50% calcite, 45% silica, 

5% feldspar 

General soil association: Patricia-Brownfield-Tivoli 

Soil series: Kimbrough-Lea 

Permeability: 0.63-2,0 inches per hour 

Possible movement of water through sample: Secondary 

solution channels, especially around grains, accounts 

for permeability. 

Relative age of calcrete: mature 
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SAMPLE 20 

Location: west of Lovington, New Mexico (near base of 

Ogallala section); Lea County, New Mexico 

Age: Pliocene 

Megascopic characteristics: pisolites; seams of common 

opal; fairly porous; dark brown in color 

Classification: oopelpiso wackestone 

Mineral constituents: microquartz, quartz, calcite 

Approximate mineral percentages: 60% calcite, 40% silica 

General soil association: Triomas-Jalmar-Penwell 

Soil series: Kimbrough 

Permeability: 

Possible movement of water through sample: Secondary 

solution channels have been almost completely occluded 

by scalenohedral calcite crystals, cristobalite, and 

chalcedonite, giving poor permeability values. 

Relative age of calcrete: mature 
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SAMPLE 21 

Location: 11.5 miles south on U.S. Highway 385 from 

junction of U.S. Highways 70 and 385, on west side 

of highway; Lamb County, Texas 

Age: Pleistocene 

Megascopic characteristics: soft; beige to light brown 

in color; porous 

Classification: wackestone 

Mineral constituents: quartz, plagioclase, microquartz, 

calcite 

Approximate mineral percentages: 70% calcite, 30% silica, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Mansker 

Permeability: 

Possible movement of water through sample: Permeability 

of these calcretes is high due to numerous fractures 

and secondary solution channels. 

Relative age of calcrete: mature 
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SAMPLE 21.P. 

Location: 11,5 miles south on U.S. Highway 385 from 

junction of U.S. Highways 70 and 385, on east side 

of highway; Lamb County, Texas 

Age: Pleistocene 

Megascopic characteristics: sandy; large cavities; 

porous; light brown in color 

Classification: pel wackestone 

Mineral constituents: quartz, plagioclase, microquartz, 

calcite 

Approximate mineral percentages: 65% silica, 35% calcite, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Mansker 

Permeability: 1,5-3-0 inches per hour 

Possible movement of water through sample: Large sec

ondary solution channels and tertiary stairstep voids 

account for high permeability of these calcretes. 

Relative age of calcrete: young 
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SAMPLE 22 

Location: 5.5 miles northeast on U.S. Highway from 

junction of U.S. Highways 385 and 60 (on south side 

of highway); Deaf Smith County, Texas 

Age: Pliocene 

Megascopic characteristics: hard and dense; pisolites up 

to 5 cm in diameter; laminae up to I/8 inch in thick

ness; reddish brown to light brown in color; porous 

in areas other than laminae 

Classification: oopelpisograpestone wackestone 

Mineral constituents: plagioclase, quartz, calcite 

Approximate mineral percentages: 70% calcite, 30% silica, 

trace feldspar 

General soil association: Pullman-01ton-Mansker 

Soil series: Pullman 

Permeability: 0.2-0,8 inches per hour 

Possible movement of water through sample: Although these 

calcretes exhibit large secondary solution voids, 

most are not connected, thus the low permeability 

figures. 

Relative age of calcrete: mature 
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SAMPLE 24 

Location: 4 miles east on U.S. Highways 60 and 84 from 

junction of U.S. Highways 60, 70, and 84 behind the 

roadside table (top of calcrete--about one foot of 

reddish soil overlying calcrete); Curry County, New 

Mexico 

Age: Pliocene 

Megascopic characteristics: laminae up to l/l6 inch in 

thickness; pisolites up to 5 cm in diameter; 

brecciated pieces of carbonate material; brown in 

color; porous 

Classification: oopelpiso wackestone 

Mineral constituents: plagioclase, quartz, microquartz, 

calcite 

Approximate mineral percentages: 6o% calcite, 40% silica, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Amarillo 

Permeability: 0,6-2,0 inches per hour 

Possible movement of water through sample: These cal

cretes exhibit secondary solution channels and 

fractures which are usually filled with calcite 

cement, thus accounting for low permeability rates. 

Relative age of calcrete: late mature 
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SAMPLE 25 

Location: 5,5 miles northwest on U.S. Highways 70 and 84 

from junction of State Highway 214 and U.S. Highways 

70 and 84 (at Muleshoe), on south side of highway; 

Bailey County, Texas 

Age: Pliocene 

Megascopic characteristics: laminae up to 1/4 inch in 

thickness; pisolites up to 1/8 inch in diameter; 

porous; light brown in color 

Classification: oopelpisograpestone wackestone 

Mineral constituents: quartz, plagioclase, microquartz, 

calcite 

Approximate mineral percentages: 70% calcite, 30% silica, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Mansker 

Permeability: 

Possible movement of water through samples: These calcretes 

contain numerous fractures, thus producing high perme

ability rates. 

Relative age of calcrete: mature 



87 

SAMPLE 26 

Location: 5 miles northwest on U.S. Highway 84 from 

junction of Farm Road 597 and U.S. Highway 84 (from 

Anton) in quarry on south side of highway; the top 

layer of the quarry; Lamb County, Texas 

Age: Pliocene 

Megascopic characteristics: porous; pisolites up to 1/4 

inch in diameter (more bands on bottom sides of piso

lites); pinkish brown in color; laminae up to 1/4 

inch in thickness 

Classification: oopelpiso wackestone 

Mineral constituents: quartz, plagioclase, quartzine, 

microquartz, megaquartz, calcite 

Approximate mineral percentages: 60% calcite, 40% silica, 

trace feldspar 

General soil association: Amarillo-Acuff-Mansker 

Soil series: Amarillo 

Permeability: 

Possible movement of water through sample: These cal

cretes contain secondary solution channels filled with 

calcite cement, thus permeability is low. 

Relative age of calcrete: late mature 
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Horizon 

89 
Abilene 

Description 

^^ ? "̂° ̂ "» very dark grayish brown (lOYR 3/2) clav 
llT^lJ^""^ ^^"^^ "̂'"̂ '̂  ̂ ^^^^ 2/2) moist; moderate, 
medium, granular structure; hard, friable; few 
worm casts; few fine pores; mildly alkaline; 
clear, smooth boundary, 

B21t 6 to 13", very dark grayish brown (lOYR 3/2) clav 
loam; very dark brown (lOYR 2/2) moist; moderate, 
line, blocky structure; hard, firm; few worm 
casts; few fine pores; few patchy clay films; 
mildly alkaline; gradual, smooth boundary, 

^^^^ ]^ ^.ZJTA^^'''''f'' ^^'^^^ ^/2) clay; dark brown 
U.5YR 3/2) moist; moderate, medium, blocky 
structure; very hard, very firm; patchy clay 
films; calcareous; moderately alkaline; gradual, 
smooth boundary, 

B23t 38 to 44"brown (7.5YR 5/3) clay; dark brown 
(7.5YR 4/3) moist; moderate, medium, subangular 
blocky structure; very hard, very firm; patchy 
clay films; few, fine quartz pebbles; calcareous; 
moderately alkaline; gradual, smooth boundary. 

Clca 44 to 64", reddish yellow (5YR 6/6) clay loam; 
yellowish red (5YR 5/^) moist; massive (struc
tureless); hard, friable; 15 to 20 percent soft 
masses of calcium carbonate; calcareous; moder
ately alkaline; gradual, wavy boundary. 

C2 64 to 74" +, reddish yellow (5YR 6/6) clay loam; 
yellowish red (5YR 5/6) moist; massive (struc
tureless); hard, friable; common films and threads 
and a few soft masses of calcium carbonate; cal
careous; moderately alkaline. 

Penneability 
Texture (inches/hour) 

clay loam 0.63-2.0 
clay 0.20-0.63 

(Richardson, Grice, and Putnam, 1964) 



90 
Acuff 

Horizon 

Al 

B21t 

B22t 

B3 

Clca 

C2 

Description 

0 to 8", brown (7.5YR 4/3) loam, dark brown 
(7,5YR 3/3) when moist; weak, subangular blocky, 
---^ granular structure; slightly hard when dry. and 
friable when moist; 
clear boundary. 

many fine roots; neutral; 

8 to 20", reddish brown (5YR 5/4) sandy clay loam, 
dark reddish brown (5YR 3/4) when moist; moderate, 
coarse, prismatic and fine subangular blocky 
structure; hard when dry, firm when moist; many 
fine roots, few clay films; neutral; gradual 
boundary, 

20 to 31", reddish brown (5YR 4/4) sandy clay 
loam, dark reddish brown (5YR 3/4) when moist; 
moderate, coarse, prismatic and fine subangular 
blocky structure; very hard when dry, firm when 
moist; few fine roots; thin clay skins; noncal
careous; mildly alkaline; gradual boundary, 

31 to 40", yellowish red (5YR 5/6) sandy clay 
loam, yellowish red (5YR 4/6) when moist; weak 
prismatic and weak subangular blocky structure; 
hard when dry, friable when moist; calcareous; 
moderately alkaline; abrupt boundary. 

40 to 60", pink (5YR 8/4) sandy clay loam, pink 
(5YR 7/4) when moist; about 30%, by volume, is 
soft calcium carbonate; calcareous; diffuse 
boundary. 

60 to 70", pink (5YR 7/4) sandy clay loam, light 
reddish brown (5YR 6/4) when moist; about 10%, by 
volume, is soft calcium carbonate; calcareous. 

Texture 
Permeability 
(inches/hour) 

loam 
sandy clay loam 

0,8-2,5 
0,8-2,5 

(Stoner, Mitchell, and others, I969) 
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Amarillo 

Horizon Description 

All 

A12 

Bl 

B21t 

B22t 

B3ca 

Clca 

0 to 2", reddish brown (5YR 5/4) loamy fine sand, 
dark reddish brown (5YR 3/4) when moist; single 
grain; loose when dry or moist, nonsticky when 
wet; numerous roots; noncalcareous; abrupt 
boundary. 

2 to 6", reddish brown (5YR 4/4) loamy fine sand, 
dark reddish brown (5YR 3/3) when moist; weak, 
very fine, granular structure; loose when dry, 
very friable when moist, nonsticky when wet; few 
dark organic stains; numerous roots; noncalcar
eous; clear, smooth boundary. 

6 to 17", reddish brown (5YR 4/4) loam, dark 
reddish brown (5YR 3/4) when moist; strong, 
coarse, prismatic structure; slightly hard when 
dry, friable when moist, slightly sticky when 
wet; numerous roots, numerous small and large 
pores; noncalcareous; clear, smooth boundary. 

17 to 29", reddish brown (5YR 4/4) sandy clay 
loam, dark reddish brown (5YR 3/4) when moist; 
strong, coarse, prismatic structure; hard when 
dry, friable when moist, sticky when wet; numer
ous small and large pores; few organic stainst 
noncalcareous; clear, smooth boundary. 

29 to 44", yellowish red (5YR 5/6) sandy clay 
loam, yellowish red (5YR 4/6) when moist; mod
erate, coarse, prismatic structure; hard when 
dry, friable when moist, sticky when wet; few 
roots; thin patchy clay films; numerous small and 
large pores; few small krotovinas; noncalcareous; 
abrupt, wavy boundary. 

44 to 51", reddish brown (5YR 5/4) sandy clay 
loam, reddish brown (5YR 4/4) when moist; mod
erate, medium, subangular blocky structure; 
slightly hard when dry, very friable when moist, 
slightly sticky when wet; few roots; large 
krotovinas; calcrete-coated quartz pebbles; 
strongly calcareous; gradual, smooth boundary. 

51 to 72", white to pink (lOYR 8/2 to 5YR 7/3) 
weakly indurated calcrete, pink to reddish yellow 
(5YR 7/4) to 6/6) when moist; strongly calcareous; 
abrupt, broken boundary. 
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Amarillo 

Horizon Description 

C2ca 72 to 82", light reddish brown (5YR 6/4) silty 
clay loam, yellowish red (5YR 5/6) when moist; 50 
to 70 percent calcrete, by volume; somewhat less 
indurated than Clca horizon; few calcrete-coated 
igneous pebbles; strongly calcareous. 

Texture 
Permeability 
(inches/hour) 

loamy fine sand 
sandy clay loam 

2.5-5.0 
0.8-1.5 

(Ross and Bailey, I967) 



93 
Arch 

Horizon Description 

Al 0 to 10", light brownish gray (lOYR 6/2) loam, 
dark grayish brown (lOYR 4/2) when moist; weak, 
thin, platy structure in upper inch to weak, fine, 
granular; soft, friable when moist, slightly 
sticky and slightly plastic when wet; many fine 
roots; few fine and medium tubular pores; moder
ately alkaline (pH 8.0); few, segregated, gener
ally rounded, fine concretions of calcium car
bonate; strongly calcareous; clear boundary; 5 
to 11" thick. 

AC 

Cca 

10 to 16", light gray (lOYR 7/2) heavy loam, light 
brownish gray (10YR 6/2) when moist; brown organic 
stain in places; weak, fine, and medium, suban
gular blocky structure; hard, friable when moist, 
sticky and plastic when wet; common fine roots; 
few fine tubular pores; moderately alkaline 
(pH 8.2), strongly calcareous; gradual boundary; 
5 to 9" thick. 

16 to 30", white (lOYR 8/1) soft calcrete of 
silty clay loam to clay loam texture, gray (10YR 
6/1) when moist; weak, medium, subangular blocky 
structure; very hard, friable when moist, sticky 
and plastic when wet; few fine roots in the upper 
inches; few fine and medium tubular pores; 
strongly alkaline (pH 8.6), strongly calcareous. 

Texture 
Permeability 
(inches/hour) 

loam 
soft calcrete (clay loam to silty 

clay loam) 

0.63-2.0 
0.63-2.0 

(Turner, Cox, and others, 1974) 



Arvana 
94 

Horizon Description 

Al 

B21t 

B22t 

Ccam 

0 to 6", reddish brown (5YR 4/4) fine sandy loam, 
dark reddish brown (5YR 3/4) when moist; weak, 
fine, granular structure and weak, medium, sub-
angular blocky; soft, friable when moist, non
sticky and nonplastic when wet; many fine roots; 
many fine interstitial pores; few sand pockets 
intermixed; neutral (pH 7.0), noncalcareous; 
clear boundary; 4 to 10" thick. 

6 to 16", reddish brown (5YR 4/4) light sandy 
clay loam, dark reddish brown (5YR 3/4) when 
moist; weak, fine and medium, subangular blocky 
structure; soft, friable when moist, sticky and 
slightly plastic when wet; many fine roots; many 
fine interstitial pores; few worm casts; neutral 
(pH 7-2), noncalcareous; clear boundary; 8 to 10" 
thick, 

16 to 28", red (2.5YR 4/6) heavy sandy clay loam, 
dark red (2.5YR 3/6) when moist; sticky and 
slightly plastic when wet; common fine roots; 
thin patchy clay films; neutral (pH 7.3), non
calcareous; clear boundary; 8 to 14" thick. 

28", pinkish white (7.5YR 8/2) indurated calcrete; 
about 1 inch of broken calcrete fragments over 
the indurated calcrete. 

Texture 
Permeability 
(inches/hour) 

fine sandy loam 
sandy clay loam 

0,63-2.0 
0,63-2.0 

(Turner, Cox, and others, 1974) 
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Berda 

Horizon Description 

Al 0 to 8", brown (7.5YR 5/4) loam, dark brown 
(7.5YR 4/4) moist; weak, coarse, prismatic struc
ture parting to weak, fine, subangular blocky; 
hard, friable; common fine roots; few masses of 
calcium carbonate 1 mm to 5 mm in diameter; cal
careous; moderately alkaline; clear, smooth 
boundary. 

B21 8 to 24", brown (7.5YR 5/4) clay loam, dark brown 
(7.5YR 4/4) moist; weak, coarse, prismatic struc
ture parting to moderate, fine, subangular 
blocky; hard, firm, few fine roots; few worm 
casts; few soft masses of calcium carbonate 2 to 
5 mm in diameter; calcareous; moderately alka
line; gradual, smooth boundary. 

B22ca 24 to 48", brown (7.5YR 5/4) clay loam, dark 
brown (7.5YR 4/4) moist; weak, coarse, prismatic 
structure parting to moderate, fine, subangular 
blocky; hard, firm; few fine roots; few fine 
pores; few worm casts; few fine, quartzine peb
bles; about 5%, by volume, soft masses of calcium 
carbonate 3 "to 10 mm in diameter; calcareous; 
moderately alkaline; gradual, smooth boundary. 

B23 48 to 65", light yellowish brown (lOYR 6/4) sandy 
clay loam, yellowish brown (lOYR 5/^) inoist; 
weak, fine, subangular blocky structure; hard, 
friable; few worm casts; few soft masses of cal
cium carbonate 1 mm to 3 mm in diameter; thin 
strata of gravelly fine sandy loam. 

Permeability 
Texture (inches/hour) 

loam 0.6-2.0 
clay loam 0.6-2.0 
sandy clay loam 0.6-2.0 

(Geiger and Mitchell, 1977) 



96 
Berino 

Horizon Description 

Al 0 to 6", reddish brown (5YR 4/4) loamy fine sand, 
dark reddish brown (5YR 3/4) when moist; weak, 
fine, granular structure; soft, friable when 
moist, nonsticky and nonplastic when wet; many 
fine roots; neutral (pH 7*0), noncalcareous; 
smooth, abrupt boundary; 4 to 10" thick. 

Bl 6 to 16", red (2.5YR 4/6) light sandy clay loam, 
dark red (2.5YR 4/6) when moist; moderate, medium, 
subangular blocky structure; soft, friable when 
moist, nonsticky and nonplastic when wet; many 
medium roots; neutral (pH 7.0), noncalcareous; 
smooth, clear boundary; 4 to 12" thick, 

B2t 16 to 30", red (2.5YR 5/6) light sandy clay loam, 
red (2,5YR 4/6) when moist; strong, medium, sub-
angular blocky structure; slightly hard, friable 
when moist, sticky and slightly plastic when wet; 
common medium and fine roots; moderately thick 
clay films; neutral (pH 7-1), noncalcareous; 
gradual boundary; 12 to 20" thick, 

B3 30 to 48", red (2.5YR 5/6) light sandy clay loam, 
red (2,5YR 5/8) when moist; weak, coarse, pris
matic and weak, fine, granular structure; slightly 
hard, friable when moist, sticky and slightly 
plastic when wet; few fine roots; neutral (pH 
7.3), noncalcareous; clear boundary; 7 to 20" 
thick, 

Cca 48 to 60", pink (7.5YR 7/4) light sandy clay 
loam, light brown (7.5YR 6/4) when moist, slightly 
sticky and slightly plastic when wet; moderately 
alkaline (pH 8.4), strongly calcareous. 

Permeability 
Texture (inches/hour) 

sandy clay loam ^cs'^l'l'^c^ 
soft calcrete (sandy clay loam) 0.b3-^.u 

(Turner, Cox, and others, 1974) 



Bippus 
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Horizon 

All 

Description 

A12 

B2 

Cca 

0 to 8", very dark grayish brown (lOYR 3/2) clay 
loam, very dark brown (lOYR 2/2) when moist; mod
erate, fine to medium, subangular blocky struc
ture; very hard when dry, friable when moist; 
noncalcareous and mildly alkaline; gradual 
boundary. 

8 to 16", very dark grayish brown (lOYR 3/2) clay 
loam, very dark brown (lOYR 2/2) when moist; com
pound structure—moderate, fine to medium, sub-
singular blocky and moderate, coarse, prismatic; 
very hard when dry, friable when moist; about 15 
percent worm casts; noncalcareous and mildly 
alkaline; gradual boundary. 

16 to 28", brown (lOYR 5/3) clay loam, dark brown 
(lOYR 3/3) when moist; compound structure--mod-
erate, medium, subangular blocky and moderate, 
coarse, prismatic; very hard when dry, friable 
when moist; about 10 percent worm casts; cal
careous and moderately alkaline; gradual boundary. 

28 to 48" +, light brownish gray (lOYR 6/2) clay 
loam, dark grayish brown (lOYR 4/2) when moist; 
moderate, medium, subangular blocky structure; 
hard when dry, friable when moist; calcareous and 
moderately alkaline. 

Texture 
Permeability 
(inches/hour) 

clay loam 0.8-2.5 

(Girdner and Richardson, 1970) 



98 
Blakeney 

Horizon 

Al 

B2 

Ccam 

Cca 

Description 

0 to 6", brown (7.5YR 5/4) fine sandy loam, brown 
(7.5YR 4/4) moist; weak medium subangular blocky 
structure; slightly hard, friable, nonsticky; 
common very fine roots; common fine pores; few 
strongly cemented calcrete fragments 5 to 10 mm 
across; calcareous; moderately alkaline; gradual 
smooth boundary. 

6 to 16", light brown (7.5YR 6/4) fine sandy 
loam, brown (7.5YR 5/4) moist; weak coarse pris
matic structure parting to weak fine subangular 
blocky; slightly hard, friable, nonsticky, common 
very fine roots; common fine pores; about 3 per
cent calcrete fragments up to 1 inch across; few 
calcrete fragments up to 3 inches across in lower 
part of horizon; calcareous; moderately alkaline; 
abrupt wavy boundary. 

16 to 30", white calcrete, strongly cemented 
rounded calcrete plates 2 to 5 inches across; 
abrupt wavy boundary. 

30 to 60", pinkish white weakly cemented calcrete; 
massive; about 50 percent, by volume, calcium 
carbonate. 

Texture 
Permeability 
(inches/hour) 

fine sandy loam 0.6-2.0 

(Watson, 1978) 
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Brownfield 

Horizon Description 

Ap 0 to 16", yellowish red (5YR 5/6; 4/6, moist) 
fine sand; clods from the B21 horizon make up 
about 20% of this horizon; structureless; non
sticky when wet, very friable when moist, and 
loose when dry; few very fine roots, noncalcar
eous; abrupt boundary. 

B21 16 to 38", reddish brown (5YR 4/4; 3/4, moist) 
sandy clay loam; moderate, coarse, prismatic and 
weak, subangular blocky; sticky when wet, friable 
when moist, and hard when dry; few very fine 
tubes and pores as much as 1 mm in diameter; few 
insect casts and burrows as much as 2 mm in diam
eter; few very fine roots; noncalcareous; clear 
boundary, 

B22 38 to 48", red (2,5YR 4/6; 3/6, moist) sandy clay 
loam; weak, subangular blocky; sticky when wet, 
friable when moist, and hard when dry; few very 
fine tubes and pores; few very fine roots; non
calcareous; clear boundary. 

B3 48 to 56'\ red (2.5YR 5/6; 4/6, moist) sandy clay 
loam; lighter in texture than B22 horizon; sticky 
when wet, friable when moist, and hard when dry; 
few very fine tubes and pores; noncalcareous; 
diffuse boundary. 

C 56 to 74" +, reddish yellow (5YR 6/8; 5/8, moist) 
fine sandy loam; some thin layers of sandy clay 
loam; noncalcareous. 

Permeability 
Texture (inches/hour) 

fine sand ^'<"^'n 
sandy clay loam i,:)-j.u 

(Sanders, 1962) 



100 

Cacique 

Horizon Description 

All 

A12 

B2t 

B3 

Ccam 

0 to 4", reddish brown (5YR 5/4) loamy fine sand, 
reddish brown (5YR 4/4) when moist; weak, medium, 
platy structure; soft, very friable when moist, 
nonsticky and nonplastic when wet; no roots; few 
organic areas; neutral (pH 7.1), noncalcareous; 
clear boundary; 3 "to 6" thick, 

4 to 12", yellowish red (5YR 5/6) loamy fine sand, 
yellowish red (5YR 4/6) when moist; very weak, 
coarse, prismatic and weak, medium, granular 
structure; soft, very friable when moist, non
sticky and nonplastic when wet; no roots; neutral 
(pH 7,1), noncalcareous; gradual boundary; 6 to 
8" thick. 

12 to 24", red (2,5YR 5/6) light sandy clay loam, 
red (2.5YR 4/6) when moist; moderate, medium, 
subangular blocky and weak, coarse, prismatic 
structure; slightly hard, friable when moist, 
sticky and slightly plastic when wet; many medium 
roots; many organic stains; few, thin, patchy 
clay films bridging within saindy clay loam peds; 
neutral (pH 7,3), noncalcareous; clear boundary; 
8 to 14" thick, 

24 to 28", red (2.5YR 5/6) sandy clay loam, red 
(2,5YR 4/6) when moist; weak, coarse, prismatic 
structure; soft, very friable when moist, slightly 
sticky and slightly plastic when wet; few coarse 
roots; neutral (pH 7.3), noncalcareous; abrupt 
boundary; 3 "to 6" thick, 

28", pinkish white (7.5YR 8/2) indurated calcrete; 
less cemented with increasing depth. 

Texture 

loamy fine sand 
sandy clay loam 

Permeability 
(inches/hour) 

2,0 -6.3 
0.63-2.0 

(Turner, Cox, and others, 1974) 



101 
Carey 

Horizon 

Al 

Description 

B2t 

B3 

Clca 

C2 

0 to 10", reddish brown (5YR 4/3) loam, dark red
dish brown (5YR 3/3) when moist; moderate, fine, 
subangular blocky structure; slightly hard when 
dry, friable when moist; noncalcareous and mildly 
alkaline; clear boundary. 

10 to 24", reddish brown (5YR 4/4) sandy clay 
loam, dark reddish brown (5YR 3/4) when moist; 
compound structure--moderate, fine, subangular 
blocky and weak granular; very hard when dry, 
friable when moist; about 5 percent worm casts 
and 2 percent fine pores; few patchy clay skins; 
noncalcareous and mildly alkaline; gradual 
boundary. 

24 to 38", yellowish red (5YR 5/6) light sandy 
clay loam, yellowish red (5YR 4/6) when moist; 
compound structure--moderate, fine, subangular 
blocky and weak granular; very hard when dry, 
friable when moist; few films and threads of cal
cium carbonate; calcareous and moderately alka
line; gradual boundary. 

38 to 50", red (2.5YR 5/6) loam, red (2.5YR 4/6) 
when moist; weak granular structure; hard when 
dry, friable when moist; about 5 percent nodular 
concretions of calcium carbonate; calcareous and 
moderately alkaline; gradual boundary. 

50 to 60" +, red (2.5YR 5/6) loam, red (2.5YR 4/6) 
when moist; hard when dry, very friable when 
moist; calcareous and moderately alkaline. 

Texture 
Permeability 
(inches/hour) 

loam 
sandy clay loam 

0.8-2.5 
0.8-2.5 

(Girdner and Richardson, 1970) 



102 
Conger 

Horizon 

Al 

Desc r ip t ion 

B2 

Ccam 

Cca 

0 to 5", brown (7.5YR 5/2) clay loam, brown 
(7.5YR 4/2) moist; weak fine granular and weak 
fine subangular blocky structure; slightly hard, 
friable, slightly sticky; many fine roots; many 
fine pores; few fine concretions of calcium car
bonate; calcareous; moderately alkaline; clear 
smooth boundary. 

5 to 18", pale brown (10YR 6/3) clay loam, brown 
(lOYR 5/3) moist; weak fine and medium subangular 
blocky structure; slightly hard, friable, slightly 
sticky; common fine roots; many fine pores; few 
films, threads, and fine to medium concretions of 
calcium carbonate; calcareous; moderately alka
line; abrupt smooth boundary. 

18 to 35", whitish indurated calcrete in broken 
layers 1 to 4 inches thick; laminar in upper 1/4 
inch; calcareous; moderately alkaline; gradual 
wavy boundary. 

35 to 60", pinkish white (5YR 8/2) loamy earth of 
about clay loam texture; platy; weakly cemented 
calcrete; calcareous; moderately alkaline. 

Texture 
Permeability 
(inches/hour) 

clay loam 

(Dixon, 1977) 

0.6-2.0 



103 

Dalhart 

Horizon Description 

Al 0 to 9", dark brown (7.5YR 4/2; 3/2, moist) fine 
sandy loam; compound structure--weak, coarse, 
prismatic and moderate, fine, granular; very 
friable when moist, slightly hard when dry; 
strongly hoofpan, which is 2 inches thick and 
overlain by three-fourths of an inch of fine 
platy or silty eolian material; worm casts, 
roots, and fine pores are common; noncalcareous; 
gradual boundary. 

B2 9 to 22", dark brown (7.5YR 4/2; 3/2, moist) 
sandy clay loam; compound structure—moderate, 
coarse, prismatic and moderate, medium, blocky; 
friable when moist, hard when dry; worm casts, 
fine roots, and fine biological pores and chan
nels are slightly less common than in lower part 
of Al horizon; noncalcareous; gradual boundary. 

B3 22 to 34", brown (7.5YR 5/2; 4/2, moist) sandy 
clay loam; compound structure—moderate, coarse, 
prismatic and moderate, medium, blocky; worm 
casts and nests common; fine pores common; many 
specks, fine threads, and patchy films of calcium 
carbonate coat ped surfaces; strongly calcareous; 
clear boundary. 

Cca 34 to 54", light brown (7.5YR 6/4; 4/4, moist) 
light sandy clay loam; moderate, medium, pris
matic and granular structure; very strongly cal
careous; contains much soft, white, segregated 
calcium carbonate; abrupt boundary. 

Permeability 
Texture (inches/hour) 

fine sandy loam n*̂ 'T"'o 
sandy clay loam u.:?-i.u 

(Jacquot, 1962) 



104 

Douro 

Horizon 

Al 

Description 

B21t 

B22t 

Clcam 

C2a 

0 to 9", reddish brown (5YR 4/4) fine sandy loam, 
dark reddish brown (5YR 3/4) when moist; weak, 
fine, granular and weak, fine and medium, sub-
angular blocky structure; slightly hard, friable, 
nonsticky; common very fine roots and pores; neu
tral; gradual, smooth boundary. 

9 to 21", reddish brown (2.5YR 4/4) sandy clay 
loam, dark reddish brown (2,5YR 3/4) when moist; 
crushed color, dark red (2,5YR 3/6) when moist; 
moderate, coarse, prismatic structure parting to 
moderate, medium, subangular blocky; hard, firm, 
slightly sticky; common roots, few fine pores; 
few thin clay films on faces of prisms; neutral; 
gradual, smooth boundary. 

21 to 30", red (2,5YR 4/6) sandy clay loam, dark 
red (2,5YR 3/6) when moist; moderate, coarse, 
prismatic structure parting to moderate, medium, 
subangular blocky; hard, firm, slightly sticky; 
few very fine pores; few thin clay films; mildly 
alkaline; abrupt, wavy boundary, 

30 to 51", platy indurated calcrete; laminar in 
the upper l/2 inch, strongly cemented in lower 
part; clear, wavy boundary, 

51 to 15"t weakly cemented calcrete; more than 50 
percent, by volume, of visible calcium carbonate; 
massive 0 

Texture 
Permeability 
(inches/hour) 

fine sandy loam 
sandy clay loam 

2.0 -6.3 
0,63-2,0 

(Conner, Hyde, and Stoner, 1974) 
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Ector 

Horizon Description 

Al 0 to 9", dark brown (lOYR 4/3) gravelly clay 
loam, dark brown (lOYR 3/3) moist; weak fine 
granular structure; slightly hard, friable, 
slightly sticky; common fine roots; many lime
stone fragments about 1 to 4 inches in diameter 
comprising about 50 percent by volume; the lime
stone fragments in the lower half of the horizon 
are coated with secondary carbonates on the lower 
side; calcareous; moderately alkaline; abrupt 
irregular boundary, 

R and 9 to 19", fractured hard limestone with hardness 
Cca of about 4 Mohs' scale; coatings of calcium car

bonate on surface; cracks and fractures are filled 
and partly sealed with reprecipitated calcium 
carbonate; gradual wavy boundary. 

Permeability 
Texture (inches/hour) 

gravelly clay loam 0.6-2.5 

(Dixon, 1977 
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Gomez 

Horizon Description 

All 0 to 8", brown (10YR 5/3) loamy fine sand, dark 
brown (lOYR 4/3) when moist; single grain; loose 
when dry or moist, nonsticky and nonplastic when 
wet; many fine roots; neutral (pH 7.3), noncal
careous; clear, smooth boundary; 7 to 10" thick. 

A12 8 to 15", yellowish brown (10YR 5/4) loamy fine 
sand, brown (lOYR 5/3) when moist; weak, coarse, 
prismatic structure; soft, very friable when 
moist, nonsticky and nonplastic when wet; many 
medium roots; few fine calcium carbonate concre
tions; few organic stains; mildly alkaline (pH 
7.7), moderately calcareous; clear, wavy boundary; 
6 to 12" thick. 

B2 15 to 22", light gray (10YR 7/2) fine sandy loam, 
light brownish gray (lOYR 6/2) when moist; weak, 
coarse, prismatic structure and weak, fine, gran
ular; slightly sticky and nonplastic when wet; 
many medium calcium carbonate concretions, 20 to 
30 percent calcium carbonate; few worm casts; 
mildly alkaline (pH 7-8), moderately calcareous; 
clear boundary; 7 to 18" thick. 

Cca 22 to 60", white (10YR 8/2) soft calcrete of fine 
sandy loam texture, light gray (lOYR 7/2) when 
moist; weak, medium, platy structure; slightly 
hard, very friable when moist, sticky and plastic 
when wet; few medium roots; many medium calcium 
carbonate concretions; moderately alkaline (pH 
8,4), strongly calcareous. 

Permeability 
Texture (inches/hour) 

loamy fine sand o'o"^?'^ 
fine sandy loam ^•"- ̂ "-̂  

(Turner, Cox, and others, 1974) 



107 
Jal 

Horizon Description 

All 0 to 3", pale brown (lOYR 6/3) sandy loam, brown 
(lOYR 5/3) when moist; weak, medium, granular 
structure, weak, medium, platy in the upper 1/2 
to 1 inch; slightly hard, friable when moist, 
slightly sticky and nonplastic when wet; few fine 
roots; common very fine and fine interstitial 
pores; disseminated lime segregated into common, 
medium, soft masses and hard nodules; moderately 
alkaline (pH 8,3), strongly calcareous; abrupt 
boundary; 2 to 5" thick, 

A12 3 to 13", pale brown (lOYR 6/3) sandy loam, brown 
(lOYR 5/3) when moist; weak, fine and medium, 
subangular blocky structure; soft, very friable 
when moist, slightly sticky and nonplastic when 
wet; common very fine and fine roots; common very 
fine and fine interstitial pores; numerous small 
worm casts or insect casts; disseminated lime 
segregated into common, small to medium, soft 
masses and few, small, hard nodules; moderately 
alkaline (pH 8.4), strongly calcareous; abrupt 
boundary; 8 to 15" thick. 

Clca 12 to 30", white (lOYR 8/1), soft calcrete of 
loam texture, white (lOYR 8/2) when moist; mod
erate, medium, platy structure; hard, firm when 
moist, slightly sticky and slightly plastic when 
wet; few fine and medium roots; few medium tubular 
pores; many, fine, hard nodules; strongly alka
line (pH 8.5), strongly calcareous; gradual 
boundary; l4 to 20" thick. 

C2ca 30 to 48", white (10YR 8/1), soft calcrete of 
heavy loam texture, white (lOYR 8/2) when moist; 
moderate, thin, platy structure; slightly hard, 
friable when moist, slightly sticky and slightly 
plastic when wet; no roots; few fine tubular 
pores; many, large, hard lime concretions; 
strongly alkaline (pH 8.5), strongly calcareous; 
clear boundary; 12 to 24" thick. 

r^ca 48 to 60", white (lOYR 8/2), soft calcrete of a 
heavy loam texture, light gray (lOYR 7/2) when 
moist; massive; soft, friable when moist, slightly 
sticky and slightly plastic when wet; no roots; 
few fine tubular pores; some segregated lime but 
less than in horizon above; strongly alkaline 
(pH 8.6), strongly calcareous. 



108 

Jal 

Texture 
Permeability 
(inches/hour) 

sandy loam 
soft calcrete (loam) 

2.0 -6.3 
0.63-2.0 

(Turner, Cox, and others, 1974) 
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Jalmar 

Horizon Description 

All 

A12 

B21t 

B22t 

B23tca 

0 to 14", brown (7.5YR 5/4) fine sand, dark brown 
(7.5YR 4/4) when moist; single grain; loose, non
sticky; common fine roots; neutral; gradual, 
smooth boundary. 

14 to 26", reddish brown (5YR 5/4) fine sand, red
dish brown (5YR 4/4) when moist; single grain; 
loose, nonsticky; common fine roots; neutral; 
clear, smooth boundary. 

26 to 52", red (2.5YR 4/6) sandy clay loam, dark 
red (2,5YR 3/6) when moist; moderate, coarse, 
prismatic structure parting to moderate, medium, 
subangular blocky; very hard, firm, slightly 
sticky; few fine roots and pores; few thin clay 
films on ped faces; neutral; gradual, wavy 
boundary, 

52 to 64", red (2,5YR 5/^) sandy clay loam, red 
(2,5YR 4/6) when moist; moderate, coarse, pris
matic structure parting to moderate, medium, sub-
angular blocky; slightly hard, friable, slightly 
sticky; common distinct clay films on prism 
faces; neutral; gradual, wavy boundary, 

64 to 80", reddish yellow (5YR 6/6) sandy clay 
loam, yellowish red (5YR 5/6) when moist; mod
erate, coarse, prismatic structure parting to 
moderate, medium, subangular blocky; slightly 
hard, friable, slightly sticky; few thin clay 
films on ped facesi about 25 percent, by volume, 
is visible calcium carbonate in soft masses and 
coatings on peds; calcareous; moderately alkaline. 

Texture 

fine sand 
sandy clay loam 

Permeability 
(inches/hour) 

6,3 -20,0 
0,63- 2,0 

(Conner, Hyde, and Stoner, 1974) 
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Kimbrough 

Horizon 

Al 

Clcam 

C2ca 

Description 

0 to 8", dark brown (7.5YR 4/2) loam, dark brown 
(7.5YR 3/2) when moist; weak, medium, subangular 
blocky structure; slightly hard, friable, slightly 
sticky; common very fine to fine roots and pores; 
2 percent medium to coarse fragments of calcium 
carbonate in lower part; mildly alkaline; abrupt, 
wavy boundary, 

8 to 31", indurated plates of calcrete that are 
laminar in the upper 1/2 inch; few plates are 
fractured; abrupt wavy boundary, 

31 to 54", strongly cemented plates of calcrete 
coated with calcium carbonate; plates range from 
7 to 15 inches along the long axis. 

Texture 
Permeability 
(inches/hour) 

loam 0.63-2.0 

(Conner, Hyde, and Stoner, 1974) 



Ill 

Lea 

Horizon Description 

Al 0 to 4", dark grayish brown (lOYR 4/2) loam, very 
dark grayish brown (lOYR 3/2) when moist; weak, 
medium, platy structure; slightly hard, friable 
when moist, slightly sticky and slightly plastic 
when wet; many fine and medium roots; common fine 
tubular pores; neutral (pH 7.2), noncalcareous; 
clear boundary; 3 to 7" thick. 

A3 4 to 10", brown (lOYR 4/3) loam, dark brown 
(10YR 3/3) when moist; moderate, coarse, pris
matic and moderate, medium, subangular blocky 
structure; slightly hard, friable when moist, 
slightly sticky and slightly plastic when wet; 
many fine and medium roots; common fine tubular 
pores; neutral (pH 7.0), noncalcareous; clear 
boundary; 6 to 12" thick. 

B2ca 10 to 18", grayish brown (lOYR 5/2) heavy loam, 
brown (lOYR 4/3) when moist; moderate, coarse, 
prismatic and moderate, medium, subangular blocky 
structure; hard, firm when moist, slightly sticky 
and plastic when wet; common fine and few medium 
roots; few fine tubular pores; many medium soft 
masses and common fine threads and filaments of 
carbonates; moderately alkaline (pH 8.2), mod
erately calcareous; gradual boundary; 6 to 10" 
thick. 

Clca 18 to 26", light gray (lOYR 7/1) heavy loam, 
light brownish gray (lOYR 6/2) when moist; mas
sive; slightly hard, friable when moist, slightly 
sticky and plastic when wet; carbonates are well 
disseminated with few, small, segregated, soft 
masses; moderately alkaline (pH 8.0), strongly 
calcareous; abrupt boundary; 5 "to 11" thick. 

C2cam 26", white (lOYR 8/2) indurated calcrete, very ̂  
pale brown (lOYR 8/3) when moist; thin laminae in 
the upper part; in places fractured, fractures 
filled with carbonates; becoming less cemented 
with depth; many feet thick. 



Lea 
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Texture 
Permeability 
(inches/hour) 

loam 0.63-2.0 

(Turner, Cox, and o the r s , 1974) 
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Likes 

Horizon 

Al 

AC 

Description 

0 to 9", brown (lOYR 5/3) loamy fine sand; dark 
brown (lOYR 4/3) when moist; very weak, fine, 
granular structure to nearly structureless; very 
porous; soft when dry, very friable when moist; 
fine fibrous roots common; a little fine water-
worn quartz gravel; neutral; diffuse boundary. 

9 to 35", light yellowish brown (10YR 6/4) loamy 
fine sand; brown (lOYR 4.5/3) when moist; struc
tureless; very porous; soft when dry, very friable 
when moist; fibrous roots less common than in Al; 
few false mycelia of calcium carbonate; weakly to 
strongly calcareous; diffuse boundary. 

35 to 50" +, pale brown (lOYR 6/3) loamy fine 
sand; brown (10YR 5/3) when moist; structureless; 
very porous; soft when dry, very friable when 
moist; few fibrous roots; some fine and very fine, 
hard, nodular concretions of calcium carbonate; a 
little fine round quartz gravel; strongly calcar
eous. 

Texture 
Permeability 
(inches/hour) 

loamy fine sand 1,0-2,0 

(Jacquot, Geiger, and others, I965) 
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Lozier 

Horizon Description 

Al 0 to 8", light brownish gray (lOYR 6/2) gravelly 
loam, brown (lOYR 5/3) moist; weak platy struc
ture in the upper 2 inches and weak fine suban
gular blocky structure below that; slightly hard, 
friable; many very fine roots; about 50 percent, 
by volume, angular and subrounded limestone frag
ments coated with calcrete, mostly 3 inches or 
less across; calcareous; moderately alkaline; 
abrupt wavy boundary. 

R and 8 to 20", fractured platy limestone coated with 
Cca calcrete cracks and fractures filled with calcium 

carbonate; abrupt irregular boundary. 

Permeability 
Texture (inches/hour) 

gravelly loam 0.6-2.0 

(Watson, 1978) 
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Maljamar 

Horizon Description 

All 0 to 20", yellowish red (5YR 5/6) fine sand, yel
lowish red (5YR 4/6) when moist; single grain; 
loose when dry or moist, nonsticky and nonplastic 
when wet; many fine roots; many medium inter
stitial pores; neutral (pH 6.8), noncalcareous; 
clear boundary; 20 to 30" thick. 

A12 20 to 24", yellowish red (5YR 5/6) loamy sand, 
yellowish red (5YR 4/6) when moist; weak, fine, 
subangular blocky structure; soft, very friable 
when moist, nonsticky and nonplastic when wet; 
many fine roots; common fine and medium inter
stitial pores; neutral (pH 7.0), noncalcareous; 
clear boundary; 4 to 8" thick. 

B21t 24 to 36", red (2.5YR 5/8) sandy clay loam, red 
(2.5YR 4/8) when moist; compound moderate, medium, 
subangular blocky structure and strong, medium, 
prismatic; hard, firm when moist, sticky and 
slightly plastic when wet; common fine roots; 
common fine tubular pores; common thin clay 
films on peds and in pores; 5 percent small 
quartzite pebbles; neutral (pH 7.2), noncalcar
eous; clear boundary; 10 to I6" thick. 

B22t 36 to 44", red (2.5YR 5/6) sandy clay loam, red 
(2.5YR 4/6) when moist; compound moderate, medium, 
subangular blocky structure and moderate, medium, 
prismatic; hard, firm when moist, sticky and 
slightly plastic when wet; common fine roots; 
common fine tubular pores; few, small, segregated 
iron-manganese concretions; common thin clay films 
on peds and in pores; 5 percent small quartzite 
pebbles; neutral (pH 7.3), noncalcareous; abrupt 
boundary; 6 to 10" thick. 

PI i^L^ to 50", yellowish red (5YR 5/6) light sandy 
clay loam, yellowish red (5YR 4/6) when moist; 
weak, medium, subangular blocky structure and 
weak, coarse, prismatic; slightly hard, friable 
when moist, sticky and slightly plastic when wet; 
few fine tubular pores; 10 percent small quartzite 
pebbles; neutral (pH 7.3); abrupt boundary; 4 to 
8" thick. 

IIC2cajn 50", white (5YR8/1), indurated, fractured 
calcrete. 



Maljamar 

Permeability 
Texture (inches/hour) 

fine sand 6.3 -20.0 
loamy sand 6.3 -20.0 
sandy clay loam O.63- 2.0 

(Turner, Cox, and others, 1974) 
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Mansker 

Horizon Description 

Al 

AC 

Cca 

0 to 9", grayish brown (lOYR 5/2; 4/2, moist) 
loam to sandy clay loam; weak, very coarse, pris
matic structure that breaks very easily to moder
ate, fine and medium, granular structure; con
sists mainly of worm casts in the lower 6 inches; 
very friable when moist, slightly hard when dry; 
many roots and fine pores; upper 1 inch is an 
accumulation that has weak, thin and medium, 
platy structure; strongly calcareous; gradual 
boundary. 

9 to 17", light brownish gray (lOYR 5/2; 5/2, 
moist) clay loam; weak, very coarse, prismatic 
structure that readily breaks to moderate, medium, 
granular structure (mainly worm casts); friable 
when moist; many fine biological pores and chan
nels; roots many to common; few, fine, hard con
cretions of calcium carbonate scattered throughout 
the horizon; strongly calcareous; clear boundary. 

17 to 35", light brown (7.5YR 6/4; 5/4, moist) 
clay loam; compound structure—weak, very coarse, 
prismatic and moderate, medium, granular, soft 
and hard nodules of calcium carbonate make up 
about 20 to 40 percent of the volume; common to 
many worm casts; gradual boundary. 

35 to 48", light brown (7.5YR 6/4; 4/4, moist) 
sandy clay loam; very weak, very coarse, pris
matic structure; fine to medium, soft, white con
cretions of calcium carbonate common; some medium 
to coarse, hard nodules of calcium carbonate 
irregularly distributed throughout the horizon; 
very strongly calcareous; abrupt boundary. 

Texture 

Permeability 
(inches/hour) 

loam 
clay loam 
sandy clay loam 

0.5-1.0 
0.5-1.0 
0.5-1.0 

(Jacquot, 1962) 
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Mereta 

Horizon Description 

All 0 to 7", dark brown (7.5YR 4/3) clay loam, dark 
brown (7.5YR 3/3) moist; weak fine granular and 
weak fine subangular blocky structure; hard, fri
able, sticky; many fine roots; many fine pores; 
few calcrete fragments; calcareous; moderately 
alkaline; clear smooth boundary. 

A12 7 to 17", brown (7.5YR 5/4) clay loam, brown 
(7.5YR 4/4) moist; moderate fine subangular 
blocky structure; hard, friable, sticky; common 
fine roots; common fine pores; few calcrete frag
ments in lower part; calcareous; moderately alka
line; abrupt wavy boundary, 

Clcam 17 to 35", whitish indurated calcrete in broken 
layers 1 to 4 inches thick; gradual wavy boundary, 

C2ca 35 to 60", pink (5YR 8/4) limy earth of about 
clay loam texture; platy; weakly cemented cal
crete; calcareous; moderately alkaline. 

Permeability 
Texture (inches/hour) 

clay loam 0,2-0,6 

(Dixon, 1977) 



119 

Midessa 

Horizon Description 

All 0 to 2", dark grayish brown (lOYR 4/2) loam, very 
dark grayish brown (lOYR 3/2) when moist; weak, 
thin, platy and weak, fine, granular structure; 
soft, friable when moist, slightly sticky and 
slightly plastic when wet; few fine roots; mildly 
alkaline (pH 1*1) t slightly calcareous; abrupt 
boundary; 2 to 4" thick, 

A12 2 to 4", dark grayish brown (lOYR 4/2) loam, very 
dark grayish brown (lOYR 3/2) when moist; mod
erate, fine, subangular blocky structure; slightly 
hard, friable when moist, slightly sticky and 
slightly plastic when wet; few fine roots; few 
worm casts; mildly alkaline (pH 7.8), slightly 
calcareous; abrupt boundary; 2 to 3" thick. 

B21 4 to 12", grayish brown (lOYR 5/2) clay loam, 
brown (lOYR 5/3) when moist; moderate, medium, 
subangular blocky structure; hard, firm when 
moist, sticky and plastic when wet, few fine 
roots; many fine tubular pores; few worm casts; 
many fine calcium carbonate concretions; moder
ately alkaline (pH 8.2), strongly calcareous; 
clear boundary; 7 to 20" thick. 

B22 12 to 22", pale brown (lOYR 6/3) clay loam, brown 
(lOYR 5/3) when moist; moderate, medium, suban
gular blocky structure; slightly hard, very fri
able when moist, sticky and plastic when wet; few 
fine roots; many, soft and hard, fine calcium 
carbonate concretions; moderately alkaline (pH 
8.4), strongly calcareous; gradual boundary; 9 
to 12" thick. 

Cca 22 to 60", light gray (lOYR 7/2), soft calcrete 
consisting of clay loam, gray (lOYR 6/1) when 
moist; moderate, fine, subangular blocky struc
ture; hard, firm when moist, sticky and plastic 
when wet; about 35 percent chalky or silty soils 
mixed with soft calcium carbonate, decreasing in 
lime content below a depth of 48 inches; moder
ately alkaline (pH 8.4), strongly calcareous. 
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Texture 
Permeability 
(inches/hour) 

loam 
clay loam 
soft calcrete (clay loam) 

0.63-2.0 
0.63-2.0 
0.63-2.0 

(Turner, Cox, and others, 1974) 
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Miles 

Horizon 

Al 

B21t 

B22t 

B3 

Cl 

Description 

0 to 9", reddish brown (5YR 4/4) fine sandy loam, 
dark reddish brown (5YR 3/4) moist; weak, fine, 
granular structure; hard, very friable; few worm 
casts; neutral; clear, smooth boundary. 

9 to 26", reddish brown (5YR 4/4) sandy clay 
loam, dark reddish brown (5YR 3/4) moist; moder
ate, very coarse, prismatic structure; very hard, 
friable; many worm casts; common fine pores; few 
clay films on prism faces; neutral; gradual, 
smooth boundary. 

26 to 48", yellowish red (5YR 5/6) sandy clay 
loam, yellowish red (5YR 4/6) moist; moderate, 
very coarse, prismatic structure; very hard, fri
able; few worm casts; few clay skins on prism 
faces; mildly alkaline; gradual, smooth boundary. 

48 to 70", yellowish red (5YR 5/8) sandy clay 
loam, yellowish red (5YR 4/8) moist; weak, very 
coarse, prismatic structure; very hard, friable; 
mildly alkaline; gradual, wavy boundary. 

70 to 16'' +, light reddish brown (5YR 6/4) loam, 
reddish brown (5YR 5/4) moist; massive (struc
tureless); very hard, friable; few threads and 
films of calcium carbonate; calcareous; moderately 
alkaline. 

Texture 
Permeability 
(inches/hour) 

fine sandy loam 
sandy clay loam 
loam 

2,0 -6,3 
0,63-2,0 
0,63-2.0 

(Richardson, Grice, and Putnam, 1964) 
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Montoya 

Horizon 

Al 

Description 

AC 

Cl 

C2 

0 to 9 , reddish brown (5YR 5/3) light clay, red
dish brown (5YR 4/3) when moist; weak, medium and 
coarse, blocky structure; extremely hard when dry, 
extremely firm when moist, and sticky when wet; 
common very fine pores; many roots; common shiny 
pressure faces; calcareous and moderately alka
line; clear boundary. 

9 to 24", reddish brown (5YR 5/3) clay, reddish 
brown (5YR 4/3) when moist; weak, medium and 
coarse, blocky structure, extremely hard when dry, 
extremely firm when moist, and sticky when wet; 
the peds have shiny surfaces; contains a few very 
fine concretions of calcium carbonate and a few 
fine quartzose pebbles; calcareous and moderately 
alkaline; gradual boundary. 

24 to 50", reddish brown (5YR 5/3) clay, reddish 
brown (5YR 4/3) when moist; weak blocky structure; 
extremely hard when dry, extremely firm when 
moist, and sticky when wet; peds have shiny sur
faces; a few very fine roots and pores; a few fine 
concretions of calcium carbonate; calcareous and 
moderately alkaline; gradual boundary. 

50 to 60", reddish brown (5YR 5/5) heavy clay 
loam; very hard when dry, firm when moist, and 
sticky when wet; a few films of calcium carbonate 
and common, noncalcareous, crystalline masses, 
apparently of calcium sulfate, in old root chan
nels; common very fine concretions of calcium 
carbonate; calcareous and moderately alkaline. 

Texture 
Permeability 
(inches/hour) 

clay 
heavy clay loam 

0.1-0.5 
0.5-0.5 

(Geiger, Bruns, and Chance, I968) 
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Olton 

Horizon Description 

Al 0 to 9", dark brown (7.5YR 4/2j 3/2, moist) clay 
loam, weak, medium, prismatic structure that 
breaks easily to moderate, fine, granular; very 
friable when moist, slightly hard when dry; many 
worm casts; medium biological pores and channels 
are common; noncalcareous; gradual boundary. 

B2 9 to 25", reddish brown (5YR 4/4; 3/4, moist) 
light clay; moderate, fine and medium, blocky 
structure; continuous, thin clay films; firm when 
moist, very hard when dry; roots mostly between 
peds; worm burrows filled with casts in places; 
few, fine and very fine roots; noncalcareous; 
gradual boundary. 

B3 25 to 51", yellowish red (5YR 5/8; 4/8, moist) 
sandy clay loam; weak, medium to coarse, blocky 
structure; friable when moist, hard when dry; 
worm casts and fine roots; few, fine films of 
calcium carbonate; slightly calcareous; clear 
boundary. 

Cca 51 to 70", pinkish white (5YR 8/2; 7/3, moist) 
sandy clay loam; about 60% of the volume is pink
ish white, soft and hard, medium to coarse con
cretions of calcium carbonate. 

C 70 to 84" +, similar to Cca horizon but consid
erably fewer concretions of calcium carbonate, 
which are replaced by light brown (7.5YR 6/4; 
5/4, moist), massive silty and sandy clay loam. 

Permeability 
Texture (inches/hour) 

sandy clay loam n'o"n'< 
clay loam o.̂ -u.:? 

(Jacquot, 1962) 
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Ozona 

Horizon Description 

Al 

B2 

Clca 

C2cam 

0 to 8", dark brown (lOYR 4/3) heavy clay loam, 
dark brown (lOYR 3/3) when moist; compound weak 
subangular blocky and angular blocky structure; 
hard when dry, firm when moist; few fine roots, 
tubes, and pores; few insect burrows and worm 
casts; few fragments of calcrete coated limestone; 
calcareous; moderately alkaline; clear boundary, 

8 to 18", brown (lOYR 5/3) light clay, dark brown 
(10YR 4/3) when moist; moderate, fine and medium, 
angular blocky structure; hard when dry, firm 
when moist; few fine roots, tubes, and pores; few 
insect burrows and worm casts; calcareous; and 
moderately alkaline; abrupt boundary, 

18 to 24", pale brown (lOYR 6/3) heavy clay loam 
or light clay, brown (lOYR 5/3) when moist; about 
60 percent, by volume, is soft and strongly ce
mented concretions of calcium carbonate; abrupt 
boundary, 

24 to 28" +, white indurated calcium carbonate 
that has laminar bands in the upper | inch; platy 
and fractured; bedrock of fractured limestone at 
a depth of 28 inches. 

Texture 

clay loam 
clay 

Permeability 
(inches/hour) 

0,2-0,8 
0,2-0.8 

(Stoner, Mitchell, and others, I969) 
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Pajarito 

Horizon Description 

All 

A12 

0 to 10", yellowish red (5YR 5/6) loamy fine sand, 
yellowish red (5YR 4/6) when moist, nonsticky and 
nonplastic when wet; few fine roots; few organic 
stains; mildly alkaline (pH 7.6), slightly cal
careous; clear boundary; 5 to 11" thick. 

10 to 16", reddish brown (5YR 5/4) loamy fine 
sand, reddish brown (5YR 4/4) when moist; weak, 
coarse, granular structure; loose when dry or 
moist, nonsticky and nonplastic when wet; few 
fine roots; few organic stains; mildly alkaline 
(pH 7,8), moderately calcareous; gradual boundary; 
4 to 8" thick. 

B2 

Cl 

C2ca 

16 to 34", red (2.5YR 5/6) light fine sandy loam, 
red (2.5YR 4/6) when moist; weak, coarse, granular 
structure; soft, very friable when moist, non
sticky and nonplastic when wet; few fine roots; 
strongly alkaline (pH 8.5), strongly calcareous; 
clear boundary; 10 to 20" thick. 

34 to 48", light red (2.5YR 6/6) light fine sandy 
loam, red (2.5YR 4/6) when moist, nonsticky and 
plastic when wet; few fine roots; common, soft, 
white calcium carbonate splotches; strongly alka
line (pH 8.5), strongly calcareous; gradual 
boundary; 10 to 24" thick. 

48 to 60", light red (2.5YR 6/6) light fine sandy 
loam, red (2.5YR 5/6) when moist; soft, very fri
able when moist, nonsticky and nonplastic when 
wet; common, soft and hard, fine, white rounded 
segregated calcium carbonate concretions; moder
ately alkaline (pH 8.4), strongly calcareous. 

Texture 

Permeability 
(inches/hour) 

loamy fine sand 
fine sandy loam 

6.3-20.0 
2.0- 6.3 

(Turner, Cox, and others, 1974) 
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Palomas 

Horizon Description 

Al 0 to 16", reddish brown (5YR 5/4) fine sand, dark 
reddish brown (5YR 3/4) when moist; single grain; 
loose when dry or moist, nonsticky and nonplastic 
when wet; many fine roots; few small organic 
stains; many, fine, irregular pores; neutral (pH 
6.7), noncalcareous; clear boundary; 12 to 20" 
thick. 

Bl 16 to 36", red (2.5YR 5/6) heavy fine sandy loam, 
red (2.5YR 4/6) when moist; weak, medium, suban
gular blocky structure; soft, friable when moist, 
nonsticky and nonplastic when wet; many fine 
roots; many, very fine, irregular and few fine 
tubular pores; common fine organic stains; neu
tral (pH 7.1), noncalcareous; gradual boundary; 
8 to 20" thick. 

B2t 36 to 48", red (2.5YR 5/6) sandy clay loam, red 
(2.5YR 4/6) when moist; moderate, medium,_suban
gular blocky to moderate, coarse, prismatic 
structure; hard, friable when moist, sticky and 
slightly plastic when wet; common fine roots; 
common fine and very fine tubular pores; common 
thin clay films on ped faces and as bridges be
tween sand grains; common, small, slightly dark 
organic stains on ped faces and along old root 
channels; neutral (pH 7.1), noncalcareous; clear 
boundary; 10 to 15" thick. 

B3t 48 to 60", red (2.5YR 5/6) sandy clay loam, red 
(2.5YR 4/6) when moist; weak, medium, subangular 
blocky structure; hard, firm when moist, sticky 
and slightly plastic when wet; few fine roots; 
few fine tubular pores; common thin clay films on 
ped faces, lining pores, and as bridges between 
sand grains J few, small, slightly dark organic^ 
stains along root channels or ped faces; few fine 
concretions; soft masses or filaments of segre
gated lime; mildly alkaline (pH 7.6), noncalcar
eous; clear boundary; 10 to 15" thick. 

Cca 60 to 66", pinkish white (5YR 8/2), soft calcrete 
of sandy loam texture, pinkish gray (5YR 7/2) 
when moist; mildly alkaline (pH 7.8), strongly 
calcareous. 
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Palomas 

Permeability 
Texture (inches/hour) 

fine sand 6.3 -20.0 
fine sandy loam O.63- 2.0 
sandy clay loam O.63- 2.0 
soft calcrete (sandy loam) O.63- 2.0 

(Turner, Cox, and others, 1974) 
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Patricia 

Horizon Description 

All 0 to 8", brown (lOYR 5/3) fine sand, dark brown 
(10YR 4/3) when moist; single grain; loose when 
dry or moist, nonsticky and nonplastic when wet; 
many fine and medium roots; neutral (pH 6,9), 
noncalcareous; gradual boundary; 2 to 10" thick, 

A12 8 to 16", pale brown (lOYR 6/3) fine sand grading 
to loamy sand, brown (lOYR 5/3) when moist; single 
grain; loose when dry or moist, nonsticky and non
plastic when wet; many fine and medium roots; 
neutral (pH 7.1), noncalcareous; clear boundary; 
6 to 10" thick. 

B21t 16 to 24", reddish brown (5YR 4/4) sandy clay 
loam, dark reddish brown (5YR 3/4) when moist; 
weak, coarse, prismatic and weak, medium, sub-
angular blocky structure; very hard, friable when 
moist, slightly sticky and slightly plastic when 
wet; many fine and medium roots; thin patchy clay 
films on vertical cleavage planes; neutral 
(pH 7,3), noncalcareous; gradual boundary; 6 to 
25" thick, 

B22t 24 to 48", yellowish red (5YR 5/6) sandy clay 
loam, yellowish red (5YR 4/6) when moist; weak, 
coarse, prismatic and weak, medium, subangular 
blocky structure; very hard, friable when moist, 
slightly sticky and slightly plastic when wet; 
common fine and medium roots; thin patchy clay 
films on vertical cleavage planes; neutral 
(pH 7.3), noncalcareous; diffuse boundary; 20 to 
30" thick. 

B23t 48 to 58", yellowish red (5YR 5/6) light sandy 
^ clay loam yellowish red (5YR 4/6) mottled with 

pinkish white (5YR 8/2) and pink (5YR 7/4) when 
moist; weak, medium, prismatic structure; soft, 
friable when moist, slightly sticky and slightly 
plastic when wet; few fine roots; mildly alkaline 
(pH 1.6), slightly calcareous; abrupt boundary; 

Cca 

8 to 20" thick. 

58 to 70", pink (5YR 7/4) light sandy clay loam, 
reddish yklow (5YR 6/6) and many faint mottles 
of pinkish white (5YR 8/2) and pink (5YR 7/4) 
when moist; massive; hard, friable when moist, 
Slightly sticky and slightly plastic when wet; 
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Patricia 

Horizon Description 

thin discontinuous layers of indurated calcrete; 
moderately alkaline (pH 8,3), strongly calcareous. 

Permeability 
Texture (inches/hour) 

fine sand 6,3 -20.0 
sandy clay loam O.63- 2,0 

(Turner, Cox, and others, 1974) 
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Penwell 

Horizon Description 

Al 0 to 13", pale brown (lOYR 6/3) fine sand, brown 
(lOYR 5/3) when moist; single grain; loose; few 
roots; neutral; gradual, smooth boundary, 

Cl 13 to 60", very pale brown (lOYR 7/4) fine sand, 
light yellowish brown (10YR 6/4) when moist; 
single grain; loose; few roots; neutral; gradual, 
smooth boundary, 

C2 60 to 85", reddish yellow (7.5YR 7/6) fine sand, 
reddish yellow (7,5YR 6/6) when moist; single 
grain; loose; neutral. 

Permeability 
Texture (inches/hour) 

fine sand 6,3-20.0 

(Conner, Hyde, and Stoner, 1974) 
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Portales 

Horizon 

Al 

B2 

B3ca 

Cca 

Description 

0 to 15", grayish brown (lOYR 5/2) clay loam, 
very dark grayish brown (10YR 3/2) when moist; 
weak, fine and medium, granular and weak, fine, 
subangular blocky structure; hard, friable, 
slightly sticky; common fine and few medium roots 
and pores; calcareous; moderately alkaline; grad
ual, smooth boundary. 

15 to 36", brown (lOYR 5/3) clay loam, dark brown 
(lOYR 4/3) when moist; weak, fine, subangular 
blocky structure; slightly hard, friable, slightly 
sticky; few fine roots; calcareous; moderately 
alkaline; gradual, smooth boundary. 

36 to 47", pale brown (lOYR 6/3) clay loam, brown 
(lOYR 5/3) when moist; weak, fine, subangular 
blocky structure; slightly hard, friable, slightly 
sticky; estimated 10 percent, by volume, is fine 
concretions and soft masses of calcium carbonate; 
calcareous; moderately alkaline; clear, wavy 
boundary. 

47 to 88", white (lOYR 8/2) clay loam, light gray 
(lOYR 7/2) when moist; massive; about 40 percent, 
by volume, calcium carbonate concretions; few 
fine gypsum crystals, snail shells, and brownish 
yellow mottles in lower part. 

Texture 
Permeability 
(inches/hour) 

clay loam 0.63-2.0 

(Conner, Hyde, and Stoner, 1974) 



132 

Potter 

Horizon Description 

Al 0 to 6", grayish brown (lOYR 5/2) loam, very dark 
grayish brown (lOYR 3/2) when moist; weak granu
lar structure; slightly hard when dry, friable 
when moist; about 20 percent calcrete fragments 
and fine to medium concretions and soft masses of 
calcium carbonate. 

C 6 to 48" +, pinkish white (7.5YR 8/2) calcrete, 
pinkish gray (7.5YR 7/2) when moist; many con
cretions and soft masses of calcium carbonate; 
moderately alkaline. 

Permeability 
Texture (inches/hour) 

loam 0.8-2.5 

(Girdner and Richardson, 1970) 
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Pullman 

Horizon Description 

Ap 0 to 7", dark grayish brown (lOYR 4/2; 3/2, 
moist) silty clay loam; weak, fine subangular 
blocky and granular structure; friable when moist, 
hard when dry; roots common; noncalcareous; 
abrupt boundary. 

B21 7 to 17", dark brown (lOYR 4/3; 3/3, moist) clay; 
moderately strong, medium, blocky structure; 
sticky and plastic when wet, very hard when dry; 
few, very fine pores and biological channels; 
flattened roots are mainly between peds; clay 
films nearly continuous on ped surfaces; noncal
careous; gradual boundary. 

B22 17 to 33", dark brown (7.5YR 4/2; 3/2, moist) 
clay; strong, medium, blocky structure; very 
sticky and plastic when wet, extremely hard when 
dry; prominent clay films; most roots are between 
peds and are flattened; slightly calcareous in 
the lower 5 inches; gradual boundary, 

Bca to 33 to 48", dark brown (7.5YR 4/2; 3/2, moist) 
B23 clay; moderate, medium, blocky structure; firm 

when moist, very hard when dry; few, very fine 
biological channels; few, very fine to fine, soft 
and hard concretions of calcium carbonate that 
are mostly between vertical walls of peds; mod
erately to strongly calcareous; clear boundary, 

B2b 48 to 75", reddish brown (5YR 5/3; V 3 , moist) 
silty clay; moderate, medium, blocky structure; 
firm when moist, very hard when dry; contrasting 
white blotches, mostly of soft calcium carbonate, 
and mainly between vertical walls of peds; also 
few, false mycelia are on and within the normal 
peds; weakly calcareous; abrupt boundary, 

Ccab 15 to 95" +, pinkish white (5YR 8/2; 8/3, moist) 
silty clay; friable when moist, hard when dry; 
about 40 percent of the volume is mostly soft 
concretions of calcium carbonate interspersed in 
earthen material; very strongly calcareous. 



Pullman 

134 

Texture 

silty clay loam 
clay 
silty clay 

Permeability 
(inches/hour) 

0.05-0.5 
0.05-0.5 
0.05-0.5 

(Jacquot, 1962) 
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Quay 

Horizon Description 

Al 0 to 9", brown (7.5YR 5/3) clay loam, dark brown 
(5YR 4/3) when moist; weak subangular blocky and 
granular structure; friable when moist and 
slightly sticky when wet; matny roots; a few, 
strongly cemented, fine concretions of calcium 
carbonate; calcareous and moderately alkaline; 
clear boundary. 

B21ca 9 to 23", light reddish brown (5YR 6/4) clay loam, 
reddish brown (5YR 4/4) when moist; weak suban
gular blocky and granular structure; friable when 
moist and sticky when wet; common fine pores; 
common worm casts; common films and threads, and 
a few fine concretions of calcium carbonate; cal
careous and moderately alkaline; gradual boundary. 

B22ca 23 to 32", light reddish brown (5YR 6/4) light 
clay loam, reddish brown (5YR 5/4) when moist; 
moderate, fine and medium, subangular blocky 
structure; hard when dry, friable when moist, and 
slightly sticky when wet; roots common; many fine 
pores; common very fine and fine concretions and 
common veins and coatings of calcium carbonate; 
moderately alkaline; gradual boundary. 

Cca 32 to 57" +, pink (5YR 7/4) clay loam, light red
dish brown (5YR 6/4) when moist; friable when 
moist and sticky when wet; a few roots; many, 
very fine, continuous pores; common hard concre
tions; calcareous and moderately alkaline. 

Permeability 
Texture (inches/hour) 

clay loam 0.5-1.0 

(Geiger, Bruns, and Chance, I968) 
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Reagan 

Horizon Description 

^ 1 0 to 1", light brownish gray (10YR 6/2) silty 
clay loam, dark grayish brown (10YR 4/2) when 
moist; moderate, medium, platy structure; slightly 
hard, friable; calcareous; moderately alkaline; 
clear, smooth boundary. 

^^ } "to 8"» light brownish gray (lOYR 6/2) silty clay 
loam, dark grayish brown (lOYR 4/2) when moist; 
moderate, medium, subangular blocky structure; 
hard, firm; common fine pores; common roots; cal-
careous; moderately alkaline; clear, smooth 
boundary. 

8 to 34", light brown (7.5YR 6/4) silty clay 
loam, dark brown (7.5YR 4/4) when moist; moderate, 
medium, subangular blocky structure; very hard, 
firm; common fine and medium pores; few worm 
casts; common roots; few very fine and fine frag
ments of calcium carbonate; calcareous; moder
ately alkaline; clear, wavy boundary. 

Clca 34 to 54", pinkish white (7.5YR 8/2) weakly 
cemented calcrete of silty clay loam texture, 
pinkish gray (7.5YR 7/2) when moist; massive 
(structureless); hard, friable; 35 percent is 
segregated concretions and soft masses of cal
cium carbonate; calcareous; moderately alkaline; 
gradual, wavy boundary. 

C2 54 to 64", pink (7.5YR 7/4) silty clay loam, 
brown (7.5YR 5/4) when moist; massive (struc
tureless); hard, friable; 12 percent, by volume, 
is segregated calcium carbonate; calcareous; mod
erately alkaline. 

Permeability 
Texture (inches/hour) 

silty clay loam 0.63-2.0 

(Hyde, Conner, and Stoner, 1973) 
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Rowena 

Horizon Description 

Ap 0 to 7", dark grayish brown (10YR 4/2) clay loam, 
very dark grayish brown (lOYR 3/2) when moist; 
weak, fine, subangular blocky structure; hard, 
friable, sticky; few fine pores; calcareous; mod
erately alkaline; abrupt smooth boundary. 

B21 7 to 14", grayish brown (10YR 4/2) clay, very 
dark grayish brown (lOYR 3/2) when moist; moder
ate, fine to medium, blocky structure; very hard, 
firm, very sticky; few fine pores; shiny pressure 
faces on some peds; calcareous, moderately alka
line; clear, smooth boundary. 

B22 14 to 36", dark brown (lOYR 4/3) clay, dark brown 
(10YR 3/3) when moist; moderate, medium, blocky 
structure; very hard, firm, very sticky; shiny 
pressure faces on peds; few, fine, weakly cemented 
calcium carbonate concretions; calcareous; moder
ately alkaline; clear, wavy boundary, 

Clca 36 to 52", pink (5YR 7/4) clay loam, light reddish 
brown (5YR 6/4) when moist; massive; hard, fri
able, very sticky; many, visible, soft masses of 
calcium carbonate make up about 40 percent, by 
volume, of the horizon; calcareous; moderately 
alkaline; gradual, wavy boundary, 

C2 52 to 80", reddish yellow clay loam, reddish yel
low (5YR 7/6) when moist; massive; hard, friable, 
very sticky; many, visible, soft masses of cal
cium carbonate make up about 15 percent, by vol
ume, of the horizon; calcareous; moderately alka
line. 

Permeability 
Texture (inches/hour) 

clay loam 0,20-0,63 
clay 0.20-0,63 

(Dixon, 1975) 
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Sharvana 

Horizon Description 

Ap 0 to 7", reddish brown (5YR 4/4) fine sandy loam, 
dark reddish brown (5YR 3/4) when moist; weak, 
fine, granular structure; hard, friable, slightly 
sticky; neutral; abrupt, smooth boundary. 

B2t 7 to 18", reddish brown (5YR 5/4) sandy clay loajn, 
reddish brown (5YR 4/4) when moist; weak, fine to 
medium, subangular blocky structure; hard, fri
able, sticky; common pores; few worm casts; few 
clay films; neutral; abrupt, smooth boundary. 

Clcam 18 to 42", white, indurated, platy calcrete; 
smooth, wavy boundary, 

C2 42 to 60", pinkish white (5YR 8/2) loamy earth 
that has loam texture; weakly cemented calcrete; 
calcareous; moderately alkaline. 

Permeability 
Texture (inches/hour) 

fine sandy loam 2,0 -6,3 
sandy clay loam 0,63-2.0 

(Dixon, 1975) 
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Simona 

Horizon Description 

Al 

B2 

Ccam 

0 to 8", grayish brown (lOYR 5/2) fine sandy loam, 
very dark grayish brown (lOYR 3/2) when moist; 
weak, very thin, platy in the upper inch, grading 
to weak, fine, subangular blocky structure; soft, 
very friable when moist, nonsticky and nonplastic 
when wet; common very fine roots; common very 
fine interstitial pores; few small angular frag
ments of hard calcrete; common worm casts; mod
erately alkaline (pH 8,1), strongly calcareous; 
gradual boundary; 4 to 10" thick, 

8 to 16", pale brown (lOYR 6/3) fine sandy loam, 
brown (lOYR 4/3) when moist; weak, fine, suban
gular blocky structure; soft, very friable when 
moist, slightly sticky amd nonplastic when wetj 
common very fine and fine roots; common very fine 
and few fine interstitial pores; many, fine and 
medium, subangular calcrete fragments; many worm 
casts; moderately alkaline (pH 8.3), strongly 
calcareous; abrupt boundary; 6 to 10" thick. 

16", white (lOJR 8/1) calcrete, platy and indu
rated in the upper 12 inches, grading to nodular, 
strongly cemented calcrete; many masses in upper 
12 inches that have brownish internal bands par
allel with the surface and in places have a hard
ness of about 5 (Mohs* scale); calcium carbonate 
content of more than 50 percent; the lime content 
descreases 1 to 3 feet below the upper boundary 
of the horizon. 

Texture 

Permeability 
(inches/hour) 

fine sandy loam 2.0-6.3 

(Turner, Cox, and others, 1974) 
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Slaughter 

Horizon Description 

Al 0 to 5", dark reddish gray (5YR 4/2) clay loam, 
dark reddish brown (5YR 3/2) when moist; moder
ate, medium, subangular blocky structure; hard, 
firm, sticky, many very fine and common fine 
roots and pores; neutral; abrupt, smooth boundary. 

B21t 5 to 8", reddish brown (5YR 4/3) clay loam, dark 
reddish brown (5YR 3/3) when moist; moderate, 
medium, blocky structure; extremely hard, firm, 
sticky; common very fine roots and pores; common 
thin clay films; neutral; clear, smooth boundary. 

B22t 8 to 16", reddish brown (5YR 4/4) clay loam, dark 
reddish brown (5YR 3/4) when moist; moderate, 
medium, blocky structure; extremely hard, firm, 
sticky; common very fine roots and pores; common 
thin clay films; neutral; abrupt, wavy boundary. 

Permeability 
Texture (inches/hour) 

clay loam 0.20-0.63 

(Conner, Hyde, and Stoner, 1974) 
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Springer 

Horizon Description 

Al 0 to 14", reddish brown (5YR 5/4) loamy fine 
sand, reddish brown (5YR 4/4) when moist; struc
tureless; loose when dry, nearly loose when moist, 
and nonsticky when wet; common fine roots, tubes, 
and pores; slightly organic stains in upper 2 
inches; noncalcareous; clear boundary. 

B21 14 to 24", yellowish red (5YR 5/8) fine sandy 
loam, yellowish red (5YR 4/8) when moist; com
pound moderate, coarse, prismatic and weak, sub-
angular blocky structure; slightly hard when dry, 
very friable when moist, and nonsticky when wet; 
few fine roots, tubes, and pores; slight clay 
films on prism faces; few fine insect casts and 
burrows; noncalcareous; gradual boundary. 

B22 24 to 32", yellowish red (5YR 5/6) fine sandy 
loam, yellowish red (5YR 4/6) when moist; massive 
to weak, subangular blocky structure; consistence 
as in B21 horizon; very few, very fine roots; 
noncalcareous. 

Permeability 
Texture (inches/hour) 

loamy fine sand 2.5-5.0 
fine sandy loam 1.0-2.0 

(Dittemore and Hyde, 1964) 



142 

Stegall 

Horizon Description 

Al 

B21t 

B22t 

Ccam 

0 to 7", brown (7.5YR 4/2) clay loam, dark brown 
(7.5YR 3/2) when moist; weak, fine, subangular 
blocky structure; hard, friable, sticky; many fine 
roots; neutral; clear, smooth boundary. 

7 to 15", reddish brown (5YR 4/3) clay loam, dark 
reddish brown (5YR 3/3) when moist; moderate, 
medium, subangular blocky structure and weak, 
fine, blocky; very hard, firm, very sticky; common 
roots; few fine pores; thin clay films; mildly 
alkaline; clear smooth boundary. 

15 to 26", reddish brown (5YR 3/4) when moist; 
moderate, fine to medium, blocky structure; very 
hard, firm, very sticky and plastic; few roots 
and fine pores; thin continuous clay films; cal
careous; moderately alkaline; abrupt, wavy 
boundary, 

26 to 30", white, indurated, platy calcrete. 

Texture 
Permeability 
(inches/hour) 

clay loam 

(Dixon, 1975) 

0,20-2,0 
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Tillman 

Horizon Description 

Al 0 to 5", reddish brown (5YR 4/4) heavy clay loam; 
dark reddish brown (5YR 3/4) when moist; weak, 
subangular blocky structure; hard when dry, fri
able when moist, and slightly sticky when wet; 
noncalcareous; clear boundary. 

Bl 5 to 10", reddish brown (5YR 4/4) light clay; 
dark reddish brown (5YR 3/4) when moist; moderate, 
fine, subangular blocky structure; very hard when 
dry, firm when moist, and slightly sticky when 
wet; noncalcareous; thin clay films; clear 
boundary. 

B21t 10 to 21", reddish brown (5YR 4/3) clay; dark 
reddish brown (5YR 3/3) when moist; moderate, 
medium and fine, blocky structure; very hard when 
dry, firm when moist, and slightly sticky and 
plastic when wet; weakly calcareous; thin con
tinuous clay films; few very fine pores; gradual 
boundary. 

B22t 21 to 55" f reddish brown (5YR 4/3) clay; dark 
reddish brown (5YR 3/3) when moist; moderate to 
strong, medium, irregular or wedge-shaped blocky 
structure; extremely hard when dry, firm when 
moist, and slightly sticky and plastic when wet; 
weakly calcareous; thin, continuous clay films; 
few very fine, angular pebbles; few very fine 
pores; gradual boundary. 

Cca 55 to 65", red (2.5YR 4/6) silty clay; dark red 
(2.5YR 3/6) when moist; very strongly calcareous; 
2 to 3 percent, by volume, soft segregated cal
cium carbonate; clear boundary. 

C 65 to 75" +, dark red (2.5YR 3/6) clay; same 
color when moist; very strongly calcareous; cal
cium carbonate less segregated than in the Cca 
horizon. 
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Texture 
Permeability 
(inches/hour) 

heavy clay loam 
clay 

0.05-0.20 
0.05-0.10 

(Schwartz, I966) 
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Tivoli 

Horizon Description 

AC 0 to 7", reddish yellow (7.5YR 6/6) fine sand, 
strong brown (7.5YR 5/6) when moist; slightly 
darker colored in uppermost 4 inches; single 
grain; noncalcareous; abrupt boundary. 

C 7 to 61", reddish yellow (7.5YR 7/8) fine sand, 
reddish yellow (7.5YR 6/8) when moist; loose, 
single grain; noncalcareous; abrupt boundary. 

Permeability 
Texture (inches/hour) 

fine sand 5.0-10.0 

(Ross and Bailey, I967) 
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Tonuco 

Horizon 

Al 

AC 

IlCam 

Description 

0 to 12", yellowish red (5YR 5/6) loamy fine 
sand, yellowish red (5YR 4/6) when moist; very 
weak, medium, subangular blocky and weak, fine, 
granular structure; soft, very friable when moist, 
nonsticky and nonplastic when wet; few small 
pockets of lighter colored sand intermixed; many 
fine roots; few organic stains; neutral (pH 7.1), 
noncalcareous; clear boundary; 8 to 12" thick. 

12 to 17", yellowish red (5YR 5/6) loamy sand, 
yellowish red (5YR 4/6) when moist; weak, medium, 
subangular blocky and weak, coarse, prismatic 
structure; soft, very friable when moist, non
sticky and nonplastic when wet; many fine roots; 
common organic stains; neutral (pH 7.3), noncal
careous; abrupt boundary; 4 to 8" thick. 

17", white (5YR 8/1), 
tured in places 

indurated calcrete, frac-

Texture 
Permeability 
(inches/hour) 

loamy fine sand 20.0 

(Turner, Cox, and others, 1974) 
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Triomas 

Horizon Description 

All 0 to 6", brown (7.5YR 5/4) fine sand, dark brown 
(7.5YR 4/4) when moist; single grain; loose, non
sticky; common very fine and fine roots; neutral; 
gradual, smooth boundary. 

A12 6 to 16", reddish brown (5YR 5/4) fine sand, red
dish brown (5YR 4/4) when moist; single grain; 
loose, nonsticky; common very fine roots; neutral; 
clear, smooth boundary. 

B21t 16 to 36", red (2.5YR 4/6) sandy clay loam, dark 
red (2.5YR 3/6) when moist; moderate, coarse, 
prismatic structure parting to moderate, medium, 
subangular blocky; hard, friable, sticky; common 
very fine roots and pores; few thin clay films; 
neutral; gradual, smooth boundary. 

B22t 36 to 52", red (2.5YR 5/6) sandy clay loam, red 
(2.5YR 4/6) when moist; moderate, coarse, pris
matic structure parting to moderate, medium, sub-
angular blocky; hard, friable, sticky; few fine 
pores; few thin clay films; neutral; gradual, 
smooth boundary. 

B23t 52 to 68", light red (2.5YR 6/8) sandy clay loam, 
red (2.5YR 5/8) when moist; moderate, coarse, 
prismatic structure parting to weak, medium, sub-
angular blocky; slightly hard, friable, sticky; 
fine and very fine pores; few thin clay films on 
faces of peds; few very small pockets of clean 
sand grains; mildly alkaline; clear, wavy boundary. 

B24tca 68 to 80", reddish yellow (5YR 7/6) sandy clay 
loam, reddish yellow (5YR 6/6) when moist; mod
erate, coarse, prismatic structure parting to 
moderate, medium, subangular blocky; slightly 
hard, friable, slightly sticky; few thin clay 
films; about 25 percent visible calcium carbon
ate in soft masses; calcareous; moderately alka
line . 
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Triomas 

Permeability 
Texture (inches/hour) 

fine sand 6.3 -20.0 
sandy clay loam O.63- 2.0 

(Conner, Hyde, and Stoner, 1974) 
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Ulysses 

Ho ri z on De s c rip ti on 

A 0 to 12", dark brown (lOYR 4/3) clay loam, dark 
brown (lOYR 3/3) when moist; weak to moderate, 
subangular blocky and granular structure; slightly 
hard when dry and friable when moist; common worm 
casts and fine and medium pores; calcareous and 
moderately alkaline; gradual boundary. 

B2 12 to 22", brown (7.5YR 5/3) clay loam, brown 
(7.5YR 4.3/3) when moist; weak subangular blocky 
and granular structure; friable when moist and 
slightly sticky when wet; common to many worm 
casts; many fine and medium pores; a few fine 
rounded concretions of calcium carbonate; cal
careous and moderately alkaline; clear, smooth 
boundary. 

Cca 22 to 45", light brown (7.5YR 6/4) clay loam, 
brown (7.5YR 5/4) when moist; weak subangular 
blocky structure; hard when dry, friable when 
moist, and sticky when wet; common very fine 
pores caused by old root channels; a few roots; 
5 to 10 percent, by volume, is segregated soft, 
fine and very fine masses of calcium carbonate; 
calcareous and moderately alkaline; clear 
boundaryo 

C 45 to 70", yellowish red (5YR 5/^) heavy clay 
loam, yellowish red (5YR 4/6) when moist; weak 
blocky structure; about 5 percent, by volume, is 
calcium carbonate as soft masses, films, threads, 
and coatings on the surfaces of the peds; cal
careous and moderately alkaline. 

Permeability 
Texture (inches/hour) 

clay loam 0,2-2,0 

(Geiger, Bruns, and Chance, I968) 
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Upton 

Horizon 

Al 

B2 

Ccam 

Description 

0 to 1", grayish brown (lOYR 5/2) gravelly loam, 
dark grayish brown (lOYR 4/2) when moist; weak, 
thin, platy structure; slightly hard, very fri
able when moist, nonsticky and nonplastic when 
wet; mildly alkaline (pH 7.9), slightly calcar
eous; abrupt boundary; 0 to 6" thick. 

1 to 8", grayish brown (lOYR 5/2) gravelly loam, 
dark grayish brown (10YR 4/2) when moist; weak, 
fine, granular structure; hard, very friable when 
moist, nonsticky and nonplastic when wet; moder
ately alkaline (pH 8.1), strongly calcareous; 
abrupt boundary; 6 to 14" thick, 

8", white (lOYR 8/1), indurated calcrete; cemen
tation decreases below about 35 inches. 

Texture 
Permeabili ty 
(inches/hour) 

g r ave l ly loam 0.63-2,0 

(Turner, Cox, and o the r s , 1974) 
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Vernon 

Horizon Description 

Al 0 to 7", reddish brown (5YR 4/4) clay loam, dark 
reddish brown (5YR 3/4) moist; weak, medium, gran
ular structure; hard, friable; many fine pores; 
common worm casts; common fine to coarse quartzite 
pebbles; calcareous; moderately alkaline; gradual 
smooth boundary. 

B2 7 to 18", reddish brown (2,5YR 4/4) clay, dark 
reddish brown (2,5YR 3/4) moist; moderate, medium, 
blocky structure; extremely hard, very firm; few 
pores; common fine to coarse quartzite pebbles; 
few fine calcium carbonate concretions; calcar
eous; moderately alkaline; gradual, smooth 
boundary, 

C 18 to 40" +, weak red (lOR 4/4) clay, dusky red 
(lOR 3/4) moist; massive (structureless); ex
tremely hard, very firm; partially weathered red 
beds; stratified and speckled with olive gray 
(5Y 5/2) shaly clay; calcareous; moderately alka
line. 

Permeability 
Texture (inches/hour) 

clay loam 0,20-0,63 
clay and partially weathered red beds 0,06 

(Richardson, Grice, and Putnam, 1975) 
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Weymouth 

Horizon Description 

Ap 0 to 6", reddish brown (5YR 4/4) clay loam, dark 
reddish brown (5YR 3/4) when moist; weak granular 
structure; slightly hard when dry, friable when 
moist; common waterworn pebbles on and near the 
surface; calcareous; moderately alkaline; abrupt 
boundary. 

Al 6 to 10", dark reddish brown (5YR 4/4) clay loam, 
dark reddish brown (5YR 3/4) when moist; weak 
subangular blocky and granular structure; slightly 
hard when dry, friable when moist; few fine roots; 
few fine waterworn pebbles; calcareous; moderately 
alkaline; clear boundary. 

B2 10 to 18", reddish brown (2.5YR 5/4) clay loam, 
dark reddish brown (2.5YR 4/4) when moist; weak 
subangular blocky and granular structure; hard 
when dry, friable when moist; few concretions of 
calcium carbonate; few very fine roots; calcar
eous; moderately alkaline; clear boundary. 

Clca 18 to 40", reddish brown (5YR 5/4) clay loam, 
reddish brown (5YR 4/4) when moist; about 10 per
cent, by volume, is calcium carbonate; calcareous; 
moderately alkaline; gradual boundary. 

C2 40 to 50" +, unconsolidated, red loamy red beds; 
calcareous; structureless; few segments of weakly 
cemented sandstone. 

Permeability 
Texture (inches/hour) 

clay loam 

(Stoner, Mitchell, and others, 1969) 

0.8-2.5 
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Wichita 

Horizon Description 

Al 0 to 7", dark brown (7.5YR 4/2) clay loam; dark 
brown (7.5YR 3/2) when moist; moderate, medium, 
granular structure grading to moderate, medium, 
prismatic in lower part of horizon; hard when dry, 
friable when moist, slightly sticky when wet; 
many fine and very fine fibrous roots; worm casts, 
nests, and burrows common in lower part; fine and 
very fine biological pores and channels common; a 
few scattered, small, waterworn quartz pebbles on 
the surface and throughout the solum; neutral; 
gradual, smooth boundary. 

Bl 7 to 18", dark brown (7.5YR 4/4) clay loam; dark 
brown (7.5YR 3/4) when moist; compound structure— 
moderate, medium, prismatic and moderate, coarse, 
subangular blocky; few thin clay films on ped 
surfaces; very hard when dry, firm when moist; 
grass roots, worm casts, nests, and burrows com
mon; fine and very fine old root channels common; 
noncalcareous and mildly alkaline; gradual bound
ary. 

B2 

B3 

18 to 33", reddish brown (5YR 4/4) heavy clay 
loam; dark reddish brown (5YR 3/4) when moist; 
moderately strong, medium, subangular blocky and 
blocky structure; very hard when dry, firm when 
moist, sticky when wet; continuous clay films on 
ped surfaces; roots fewer than in Bl, and most 
are between peds; weakly calcareous and mildly 
alkaline; gradual boundary. 

33 to 48", reddish brown (5YR 5/4) clay loam; 
reddish brown (5YR 4/4) when moist; compound 
structure--moderate, medium, prismatic and mod-
erate, medium, subangular blocky; fewer roots and 
worm casts; fine and very fine old root channels 
common; few fine and medium, soft and hard calcium 
carbonate concretions, threads, and finely segre
gated lime, all increasing with depth; strongly 
Calcareous and mildly alkaline; clear boundary. 

Pra 48 to 65", light reddish brown (5YR 6/4) clay ̂  
^'^ loam; reddish brown (5YR 5/^) when moist; massive; 

segregated lime and masses or pockets of soft and 
hard calcium carbonate concretions make up about 
30 percent of the mass, and the rest of mass is 
earthen material; few roots and many fine and very 
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Wichita 

Description 

fine old root channels; few scattered, waterworn 
quartz pebbles; very strongly calcareous and mod
erately alkaline; gradual boundary. 

65 to 74" +, light reddish brown (2.5YR 6/4) loam 
or light clay loam old alluvial sediments that 
contain less lime than Cca horizon; somewhat 
stratified; scattered, thin lenses of waterworn 
quartzite and calcrete pebbles; strongly calcar
eous and mildly alkaline. 

Texture 
Permeability 
(inches/hour) 

clay loam 
heavy clay loam 

0,50-1,50 
0,50-1.50 

(Jacquot, Geiger, and others, I965) 
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Wickett 

Horizon 

Al 

B2t 

Clcam 

C2ca 

Description 

0 to 12", reddish brown (5YR 5/4) loamy fine sand, 
reddish brown (5YR 4/4) moist; single grained; 
loose, nonsticky; common very fine to fine roots; 
noncalcareous; mildly alkaline; clear smooth 
boundary. 

12 to 28", yellowish red (5YR 5/6) fine sandy 
loam, yellowish red (5YR 4/6) moist; moderate 
coarse prismatic structure parting to weak fine 
subangular blocky; slightly hard, friable; few 
clay films, sand grains coated and bridged with 
clay; noncalcareous; mildly alkaline; abrupt wavy 
boundary. 

28 to 40", indurated platy calcrete that is lam
inar in the upper 1/8 inch and strongly cemented 
in the lower part; clear wavy boundary. 

40 to 60", weakly cemented calcrete; massive; 
about 50 percent or more, by volume, visible 
calcium carbonate. 

Texture 
Permeability 
(inches/hour) 

loamy fine sand 
fine sandy loam 

6.0-20.0 
2.0- 6.0 

(Watson, 1978) 
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Wink 

Horizon Description 

Al 0 to 12", brown (lOYR 5/3) fine sand, dark gray
ish brown (lOYR 4/2) when moist; single grain; 
loose when dry or moist, nonsticky and nonplastic 
when wet; many fine roots; moderately alkaline 
(pH 8.0), slightly calcareous; gradual boundarv; 
10 to 15" thick. 

B2 12 to 23", brown (lOYR 5/3) sandy loam, dark 
brown (lOYR 4/3) when moist; weak, medium, sub-
angular blocky structure; soft, very friable when 
moist, nonsticky and nonplastic when wet; common 
fine roots; moderately alkaline (pH 8.2), strongly 
calcareous; gradual boundary; 10 to 21" thick. 

Cca 23 to 60", white (10YR 8/2), soft calcrete of 
sandy loam texture, light gray (lOYR 7/2) when 
moist; massive; hard, friable when moist, slightly 
sticky and slightly plastic when wet; upper part 
contains few, fine, weakly cemented lime concre
tions; strongly alkaline (pH 8.5), strongly cal
careous. 

Permeability 
Texture (inches/hour) 

fine sand 2.0-20.0 
sandy loam 2.0- 6.3 
soft calcrete (sandy loam) 2.0- 6.3 

(Turner, Cox, and others, 1974) 
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Woodward 

Horizon Description 

Al 0 to 10", red (2.5YR 4/5) very fine sandy loam, 
dark red (2.5YR 3/5) when moist; weak subangular 
blocky and granular structure; slightly hard when 
dry, very friable when moist; worm casts and 
nests common; calcareous; moderately alkaline; 
gradual boundary. 

B2 10 to 20", reddish brown (2.5YR 5/̂ ) very fine 
sandy loam, reddish brown (2.5YR 4/4) when moist; 
moderate, medium and coarse, subangular blocky 
and granular structure; slightly hard when dry, 
very friable when moist; worm casts many in upper 
part and common in lower part; fine and medium 
pores and channels common; calcareous; moderately 
alkaline; gradual boundary. 

Clca 20 to 36", red (2.5YR 5/6) very fine sandy loam, 
red (2.5YR 4/6) when moist; moderate, medium, 
subangular blocky structure; hard when dry, very 
friable when moist; a few very fine (0.5 to 1 mm 
in diameter) segregated concretions of calcium 
carbonate; moderately alkaline. 

C2 36 to 45" +, dark red (2.5YR 3/6), weakly con
solidated, coarse, platy, fine grained sandstone 
and siltstone containing thin lenses of silty to 
clayey shale; calcareous; moderately alkaline. 

Permeability 
Texture (inches/hour) 

very fine sandy loam 

(Jacquot, Geiger, and others, 1970) 

0.8-2.5 
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Zita 

Horizon Description 

All 0 to 1", very dark grayish brown (lOYR 3/2) silt 
loam, very dark brown (lOYR 2/2) when moist; mod
erate, thin, platy structure; soft, very friable 
when moist, slightly sticky and slightly plastic 
when wet; many fine roots; neutral (pH 7-2), non
calcareous; clear boundary; 0 to 2" thick. 

A12 1 to 15", dark brown (lOYR 3/3) loam, very dark 
brown (lOYR 3/2) when moist; strong, medium, 
granular structure; slightly hard, friable when 
moist, slightly sticky and slightly plastic when 
wet; many fine roots; many worm casts in upper^ 
part, becoming common with depth; mildly alkaline 
(pH 7.7), noncalcareous; diffuse boundary; 10 to 
18" thick. 

B2 15 to 35", dark grayish brown (lOYR 4/2) heavy 
loam, very dark grayish brown (lOYR 3/2) when 
moist, becoming brown (7.5YR 5/4) with depth; 
strong, medium, granular structure; slightly 
hard, friable when moist, slightly sticky and 
slightly plastic when wet; many fine roots; 
common worm casts in upper part, becoming few 
with depth; moderately alkaline (pH 8.3), 
strongly calcareous; diffuse boundary; 15 "to 20" 
thick. 

Cca 35 to 60", very pale brown (lOYR 8/3), loamy, 
soft calcrete, very pale brown (lOYR 7/3) when 
moist; weak, medium, subangular blocky structure; 
slightly hard, friable when moist, slightly^ 
sticky and slightly plastic when wet; few fine 
roots; many fine tubular pores; many fine concre
tions and soft bodies of lime, the number 
decreasing below a depth of 50 inches; moderately 
alkaline (pH 8.4), strongly calcareous. 

Texture 

Permeability 
(inches/hour) 

0.63-2.0 
loam n '̂̂  9 n 
soft calcrete (loam) 0.b3-^.u 

(Turner, Cox, and others, 1974) 










