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F O R E W O R D 

T h e development and early g rowth of W a c o 
occurred primari ly on the outcrops of the Aust in 
Chalk and the Brazos Alluvium. F e w geologically 
related problems appeared in the early development 
of the city primari ly because of the stable na tu re of 
the chalk and al luvium under lying mos t foundat ions 
in the c i ty ; the l ight weight and simplici ty of most 
early  the relatively l ight loads on streets 
and  the uncomplicated na ture of sewage and 
pipe  and the low demands of a small pop
ulation for water , sand and gravel, sewage disposal 
and s torm drainage. 

Dur ing and af ter W o r l d W a r I I , W a c o expanded 
f rom these stable outcrop areas onto the outcrop of 
the unstable, incompetent shales of the Tay lo r For 
mat ion to the east and Eagle Ford Group to the 
west . Th i s geographic expansion of Greater W a c o 
dur ing the past twen ty years has been accompanied 
by many new urban problems of geological origin 
in addit ion to m a n y existing problems which became 
critical wi th rapid u rban populat ion g rowth and 
expansion. 

A m o n g these impor tan t u rban geological problems 
are those involving sand and gravel, which are lost 
to the area by unplanned city g r o w t h ; foundat ion 
problems, which resul t in the fai lure of foundat ions 
in one area,  in  soil problems 
involving corrosion of pipes, fai lure of foundat ions, 
var ia t ion in excavation costs and drainage  
water supply problems, including surface and sub
surface sources, ut i l ization and  and the 
quali ty, quan t i ty and location of economic rocks and 
minerals in the W a c o region. 

These and many other problems cannot be solved 
adequate ly and economically wi thou t considering 
the role of the ear th sciences. Responsible long-
range u rban development m u s t also involve other 
geologically related aspects, such as problems of 
legal nature , p roper ty evaluation, city planning, 
recreation, beaut i f icat ion and development costs. 

In recent years the Baylor Geology Depar tmen t 
has received a g rowing n u m b e r of reques ts for geo
logical advice in the aforement ioned areas of u rban 
development. A l though Baylor geologists have sup

 f ree consul ta t ion as a public service, there has 
developed an apparent need for more comprehensive 
and accessible data on the total spec t rum of earth 
science-urban relat ionships. T h e Baylor Geological 
Studies editorial staff decided in 1962 tha t a compre
hensive publication on the U r b a n Geology of W a c o 
should prove an asset to the city and its citizens. 

La te in 1962 a thorough survey was made to as
certain sources of ear th science data per ta ining to 
the W a c o area, as well as to locate published refer
ences on U r b a n Geology. Many city, state, and 
federal agencies, as well as interested individuals, 
were invited to cooperate in the project . 

T h e Cooper Foundat ion, a pr ivate civic philan
thropic foundat ion in Waco , was approached in 
January , 1963, for financial suppor t to aid in the 
preparat ion and publication of a W a c o Urban Geol
ogy report . A detailed, budgeted proposal was ap
proved by the foundat ion to cover the proposed cost 
of publication and related expenses, to ta l ing $7,000. 
Baylor Universi ty, t h rough its press, account ing 
facilities, geology depar tment , and Baylor Geological 
Studies budget accepted the responsibi l i ty for the 
remaining expense. T h e editorial staff of the Baylor 

Geological Studies provided f ree coordination, carto
graphic-field supervision, and editorial service. 

Since the project was ini t iated early in 1963, it 
has evolved in concept and scope. T h e number and 
na ture of cont r ibut ions expanded as the pro jec t ma
tured. T h e U R B A N G E O L O G Y O F G R E A T E R 
W A C O includes m a j o r cont r ibut ions f r o m the Bay
lor Geology Depar tmen t , T e x a s Bureau of Economic 
Geology, U. S. Soil Conservat ion Service, U. S. Corps 
of Engineers , T e x a s H i g h w a y D ep a r tmen t and Texas 
W a t e r Development Board. Shor ter cont r ibut ions 
include papers by an architect , a t torney, real es ta te 
appraiser , public works engineer and others. 

In the spr ing of 1964, a series of e ight public eve
ning seminars were held at Baylor to provide con
t r ibu tors wi th an oppor tun i ty to present a s u m m a r y 
of their repor ts for comments and discussion. A stu
dent seminar was conducted at the same t ime to 
explore all areas of u rban activit ies which are related 
to the ear th sciences. 

Originally, the proposed U r b a n Geology repor t 
was scheduled to be released as a single volume. 
Dur ing prepara t ion the var ious repor t s were expand
ed and complex i l lustrat ions were added ; other pa
pers were solicited to cover addi t ional areas of im
portance. Because of the increased scope of the 
project , ten m a j o r and numerous shor te r papers are 
included in the Baylor Geological Studies u rban 
series. 

Beginning wi th Baylor Geological Studies Bulle
t in No. 8 (Spring, 1965), six successive semi-annual 
Bullet ins will include papers grouped according to 
Geology, Soils, W a t e r , Geological Engineer ing , 
Socio-Economic Geology and Conclusions. Inc luded 
in the series are mult icolor geologic, soil, isopach 
and s t ruc ture maps (on U.S. Geological Survey 
topographic base) , charts , i l lustrat ions and tables of 
var ious types prepared by the Baylor  
Studies s tudent car tographic staff . Th i r ty - f ive 
hundred copies of Baylor Geological Studies Bul
letins 8-13 ( U r b a n Geology series) will be pub
lished and sold for $1.00 each. Sale of U R B A N 
G E O L O G Y O F G R E A T E R W A C O will be han
dled by Baylor Geological Studies in agreement 
wi th Cooper Foundat ion . 

T h e editorial staff and cont r ibutors in tend to 
provide a comprehensive series on W a c o U r b a n 
Geology, which m a y also serve as a model for o thers 
interested in this vi tal area of geologic application 
and public service. No precise es t imate can be placed 
on the value of informat ion supplied by governmen
tal agencies and individual researchers , or on the 
value of t ime donated by authors , editorial staff and 
interested geologists. T h e Cooper Founda t ion g ran t 
and the  Geological Studies budge t for the six 
issues in the series will exceed  amoun t 
which is conservat ively es t imated to be less than 
ten percent of the actual cost of the pro jec t if it had 
been contrac ted at regular profess ional and commer
cial rates. 

T h e editorial staff apprecia tes this oppor tun i ty 
to provide a public service for the citizens of Waco . 
W e sincerely t h a n k the Cooper Founda t ion ,  
Univers i ty and the var ious Sta te and Federa l Agen
cies, as well as the m a n y individuals, who made this 
series possible. 
L. F. Brown, Jr., E D I T O R 
Spring, 1965 
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Soils and Urban Development of  

 R. ELDER 
Field  

U.S. Soil Conservation Service, Temple, Texas 

A B S T R A C T 

The purpose of this report is to provide the urban 
community with information about the soils of the 
Greater Waco area. This information relates to the 

 of Waco soils as a base for homes, buildings, roads, 
utilities and recreational areas. 

Soils of Greater Waco were mapped as a part of 
the McLennan County Soil Survey of May 1958. 
These soils have been interpreted in terms of urban 
use for this bulletin. 

Descriptions of the soils present in the Waco area 
are discussed in non-technical terms. General inter
pretations for urban uses are provided. 

 soils data are described in terms of engineer
ing properties. In table form each map unit is placed 
in the Unified and A A S H O classification systems and 
in hydrologic soil groups. Data are also provided on 

potential corrosion and vertical rise, as well as other 
basic soils information. 

Suitability of each soil for engineering uses is shown 
in table form, including use as top soil, fill material, 
road base, earthen structures, foundations, septic water 
systems, and ponds and reservoirs. 

Soil features adversely affecting engineering uses, 
which are listed in table form, include such properties 
as very slow permeability, high  excessive 
corrositivity and other factors. 

Herbaceous and woody plant suitabilities for each 
soil are tabulated for most of the common plants of the 

 area. 
Interpretive maps for a limited number of uses are 

included to provide an overall picture of soil suitabil
ities and problems in the Greater Waco area. 

I N T R O D U C T I O N 2 

Decisions dependent on soil and underlying materials 
are of far greater magnitude dollar-wise in an urban 
community than in a farming community. Soils not 
only grow grass, trees and  also sup
port the homes, buildings, roads and  areas 
which make up the modern city. Soils of an urban 
area are important to citizens, homeowners, city officials 
and businessmen. Recognizing the importance of soil 
in the urban community,  is prepared to interpret 
soils in terms meaningful to the many people who can 
use this report. 

The report contains three parts. The first part tells 

 with permission of Soil Conservation Service, 
U.S. Department of Agriculture. 

how the soils are named, mapped and classified. In the 
second part the soils are described. The third part con
tains a summary of the soil properties and the interpre
tations that tell the problems of the soil. It is here 
that the strength, corrosion hazard, shrink-swell po
tential, drainage and other real soil characteristics are 
shown in table form. Suitable flowers, shrubs and trees 
are also shown for each soil with the needed treatment 
for successful growth. 

  Manuscripts submitted  government agencies 
are published with minimum revision. Punctuation, hyphenation, 
style, and other mechanics are not necessarily those of the 
Baylor Geological Studies format. The Editor has attempted 
to edit for consistent presentation. 
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H O W S O I L S A R E M A P P E D 

Soils of the Waco area were mapped as a part 
of the McLennan County Soil Survey which was issued 
in May, 1958. Copies are available from the Waco 
office of the Soil Conservation Service, from the County 
Agent and from the Information Division of Texas A 
& M University, College Station, Texas. 

Soil scientists went over the county (fig. 1) knowing 
that they would find many soils they had already seen 
and perhaps some they had not seen. They dug and 

 numerous holes to expose soil profiles. A profile is 
the sequence of natural layers, or horizons, in a  it 
extends from the surface clown to the parent material 
that has not been changed much by leaching or by the 
roots of plants (fig. 2 ) . 

The soil scientists described the profiles they studied 
and compared them with profiles in counties nearby and 
places more distant. They classified and named the 
soils according to uniform procedures. To use the soil 
section of this report efficiently, it is necessary to know 
the kinds of groupings most used in the local soil classi
fication. 

Soils that have profiles almost alike make up a soil 
series. Except for a different texture (figs. 3, 4) in the 
surface layer all the soils of one series have major hori
zons that are similar in thickness, arrangement, and 
other important characteristics. Each soil series is 
named for a town or other geographic feature near the 
place where a soil of that series was first observed and 
mapped. Houston and Axtell, for example, are the 
names of two soil series. Regardless of the location, 
soils having the same series name are essentially alike 
in natural characteristics. For example, the Houston 
clay of Waco is similar to the Houston clay of Collin 
County or that in Bexar County. 

Soil series contain soils that are alike except for 
the texture of their surface layer. According to this 

 in texture, separations called soil types are 
 Within a series all the soils having a surface 

layer of the same texture belong to one soil type such 
as clay, clay loam, fine sandy loam, etc. 

Some soil types vary so much in slopes or other 
features affecting their use that practical suggestions 
about potential urban uses could not be made if they 
were shown on the soil map as one unit. Such soil 
types are shown as soil phases. The name of a soil 
phase indicates a feature that affects the potential use 
or management of the map unit. For example, Eddy 
gravelly clay loam, 4-15 percent slopes, is one of the 
two phases of Eddy gravelly clay loam. 

After a fairly detailed guide for classifying and nam
ing the soils had been worked out, the soil scientists 
drew soil boundaries on aerial photographs. Photos 
were used for the base map because they show fields, 
streams, buildings, roads, trees and other features that 
greatly help in drawing boundaries accurately. 

The soil maps in the back of this report  I, 11) 
were compiled from the McLennan Covmty Survey of 
1958. No changes in soil data were made except the 
combination of various slope phases which were not 
significant for urban planning or interpretation.. The 
soil data have been placed, however, on revised U.S. 
Geological Survey topographic  bases. 

The areas shown on the soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning or interpretation for urban use, a  
unit is nearly equivalent to a soil type or a phase of a 
soil type. It is not exactly equivalent, because it is not 
practical to show on such a map all the small scattered 
bits of dififerent soils observed. 

In most mapping, there are areas to be shown that 
are too eroded or so frequently worked by water that 
they cannot be called soils. These areas, called land 
types, are shown on a soil map like other  
units, but they are given descriptive names, such as 
Rough broken land or Riverwash. 



SOILS OF WACO 

Fig. 1. Index map, Central Texas. 
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S O I L D E S C R I P T I O N S 

This section describes the single soils or mapping 
 is, the areas on the detailed soil map that 

are bounded by lines and identified by a symbol. The 
soil descriptions are given in alphabetical order. 

Generally, these descriptions give the major char
acteristics and properties of the important soil layers. 
They also  about the use and suitability of the soil 
and something about its management needs. A sum
mary of the properties of each soil is given in table 2 
and the interpretations for each soil are given in tables 
3, 4 and S. 

Detailed descriptions of soil profiles are not included 
in this publication. More complete soil descriptions and 
agricultural interpretations are in the  Soil 
Survey of McLennan County, May 1958, USDA-SCS . 
Copies of this can be obtained from the Waco Soil Con
servation office, the County Agent, or the Information 
Division of Texas A & M University. 

A L L U V I A L SOILS, 
 (Aa)3 

This land type comprises areas of very recent deposits 
of sands and silts dropped by the Brazos River when 
at flood stage. All of this land is located in the Brazos 
River bottoms near the river channel. Before the con
struction of Whitney dam these areas were unstable 
and were modified by periodic floods by the addition 
or removal of soil material. Most of them are loose 
light brown, calcareous fine sands several feet deep, 
hut there are some low flats where clay loam or clay 
prevails. 

This land type is unfit for most urban uses due to 
its low elevation of about stream channel level. Build
ings or other permanent improvements are hazardous 
but the soils are generally fertile and  good 
growths of grasses. Recreational uses are most prom
ising with some limitations during wet periods. 

ASA S I L T LOAM (Ab) 
This is a dark brown fertile, easily worked well 

drained soil. Major layers of a typical profile are as 
 

0-12 inches, dark brown  silt loam; 
very friable and  granular; neutral to 
alkaline. 

12-30 inches, brown noncalcareous heavy silt loam; 
friable and freely permeable. 

30-70 inches plus, light brown to reddish brown, 
highly calcareous silt loam; friable and freely 
permeable. 

Water enters and moves through the soil readily. 
The soil is well drained. Available water capacity is 
high and the depth usable by plant roots is usually over 
6 feet. This soil is adapted to a wide variety of grasses, 
ornamentals and trees. This soil is suitable for most 
building purposes. It is a good source of top dressing 
material for lawns. 

ASA  CLAY LOAM (Ac) 
This is a dark brown fertile, easily worked and well 

drained soil. Major layers of a typical profile are as 
 

 inches, dark brown noncalcareous  clay 
loam; very crumbly; granular; neutral or mildly 
alkaline. 

 to  maps  I,  for distribution of each soil in 
Waco area. 

 inches, dark brown noncalcareous heavy silty 
clay loam; permeable, granular. 

30-100 inches plus, brown calcareous silty clay 
loam; permeable and friable. 

Water enters and moves through the soil readily. The 
soil is well drained but may be somewhat sticky after 
a rain. Available water capacity is high and the depth 
usable by plant roots is over 8 feet. This soil is well 
adapted to a wide variety of grasses, ornamentals and 
trees. This soil is suitable for most building purposes. 

A S A V E R Y F I N E S A N D Y LOAM (Ad) 

This is a brown fertile easily worked and well drained 
soil of the Brazos River bottomlands. 

Major layers of a typical profile are as follows : 
 inches, brown to dark brown, slightly calcar
eous very fine sandy loam; very friable; weakly 
granular. 

15-36 inches, brown calcareous  loam; very fri
able and permeable; weakly granular. 
 inches plus, light brown calcareous silt loam; 

permeable. 
Water enters and moves through the soil readily. 

The soil is well drained. Water holding capacity is high 
and the depth usable by plants is over  feet. The soil 
is adapted to a wide variety of grasses, ornamentals and 
trees. It is a good source of top dressing material for 
lawns. This soil is suitable for most building purposes. 

A U S T I N - E D D Y G R A V E L L Y CLAY L O A M S (Ae) 

This is a complex of intermingled areas of dark 
grayish brown and light brownish gray gravelly soils 
which is very shallow over chalk. These areas are very 
gentle knolls surrounded mostly by Austin silty clay, 
shallow variant. A lighter colored thinner soil, Eddy 
gravelly clay loam makes up 1/5 to  / 3 of this complex. 

Major layers of a typical Austin gravelly clay loam 
are   

0-4 inches, grayish brown calcareous silty clay or 
clay loam containing numerous f ragments of 
chalk; mealy and very granular. 

4-24 inches, parent material of slightly weathered 
chalk with some brown soils in crevices. 

24-40 inches plus, parent rock of solid chalk. 
Water enters and moves through this soil readily. 

The soil is well drained and drouthy. Depth of usable 
soil is very limited and in most cases additional topsoil 
will he needed to successfully establish grasses, orna
mentals or trees. The soil is highly calcareous and 
ranges from moderately to very highly corrosive to 
buried metal pipes and conduits. For foundation pur
poses, this is one of the most desirable soils. 

A U S T I N SILTY CLAY (Af) 

This is a moderately dark very crumbly well drained 
fertile soil of medium depth over chalk or marl. 

Major layers of a typical profile are as follows : 
0-15 inches, dark grayish brown highly calcareous 

silty clay; very granular; friable. 
15-22 inches, grayish brown highly calcareous silty 

clay: very granular; friable and moderately 
permeable. 

22-30 inches, pale brown highly calcareous silty 
clay; friable; permeable. 

30-50 inches  substratum of highly weathered 
chalky marl or soft chalk. 
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T A B L E 1. S O I L S  A R E A 

Map 
Symbol Name of Map Unit 

Aa Alluvial soils,  
Ab Asa silt loam 
Ac Asa  clay loam 
Ad Asa very fine sandy loam 
Ae Austin-Eddy gravelly clay loams 
Af Austin silty clay 
Ag Austin silty clay, shallow variant 
Am Axtell fine sandy loam 
An Axtell very fine sandy loam 

Ba Bastrop fine sandy loam 
 Bastrop very fine sandy loam 

Bd Bell clay 
Bf Bell clay, noncalcareous variant 
Bh Brazos silt loam 
Bk Brewer clay loam 

 Broken land, Catalpa soil material 

Ca Catalpa clay, occasionally flooded 
Cb Catalpa clay, 1-4% slopes 
Cc Catalpa clay, frequently flooded 
Cd Catalpa clay loam, occasionally flooded 
Ce Catalpa clay loam, 1-4% slopes 
Cf Catalpa clay loam,  flooded 

 Crockett clay loam, severely eroded 
Cm Crockett loam 

Ea Eddy gravelly clay loam,  slopes 
Eb Eddy gravelly clay loam,  slopes 
Ec Eddy silty clay, 8-15% slopes 
Ee Eufaula fine sand 

Ha Hortman-Axtel l fine sandy loams 
H b Hor tman fine sandy loam 

 Houston Black clay 
Hf Houston Black clay, moderately deep variant 
H g Houston clay, 1-8% slopes 
H k Houston clay,  slopes 

 Irving-Axtell complex 
 Burleson clay 

Id I rving clay loam 

If Irving silt loam 
 Ivanhoe-Irving-Axtel l complex 

Ka Kaufman clay loam 
K b Kaufman loam 

La Lewisville clay 
Ld Lewisville clay loam 

Ma  fine sandy loam 
Md Miller clay 

Na Norge clay loam 
Nb Norge fine sandy loam 
No Norwood silt loam 
Nd Norwood silty clay loam 

Pa Patr ick clay 
Pb Patr ick gravelly  
 Payne clay loam 
Pd Pledger clay 

Ra Riesel-Axtell gravelly loams 
Rc  gravelly loams 
Re Riverwash 
Rf Rough broken  
R g Rough stony land, Bracket t soil material 

Sd Sawyer fine sandy loam 
Se Stidham loamy fine sand 
 Sumter clay 

T b Tarrant stony  
T c Travis fine sandy loam 
Te Trini ty clay 

Va Vanoss fine sandy loam 
Vb   loam 

W b Wilson clay loam 
W d Burleson-Houston clays 
W e Wilson-Houston complex 

Ya Yahola silt  
Yb Yahola very fine sandy loam 

W a t e r e n t e r s a n d m o v e s t h r o u g h the soil read i ly . 
T h e soil is well d r a i n e d a n d s lop ing a r e a s a r e s o m e 
w h a t d r o u t h y . W a t e r h o l d i n g capac i ty is h i g h p e r 
inch of soil b u t overa l l d e p t h f o r p l a n t r oo t s is l imi ted 
by the u n d e r l y i n g cha lk o r m a r l . T h i s soil is a d a p t e d 
to a f a i r v a r i e t y of g ra s ses , o r n a m e n t a l s a n d t r ees . T h i s 
soil is v e r y co r ro s ive to b u r i e d me ta l p ipes o r condu i t s . 
I t h a s  cha rac te r i s t i c s t h a t necess i t a t e spe
cial c a r e in d e s i g n i n g f o u n d a t i o n s f o r h o m e s o r o t h e r 
l ight bu i ld ings . 

A U S T I N S I L T Y CLAY, 
S H A L L O W V A R I A N T (Ag) 

T h i s is a v e r y c r u m b l y g r a y i s h b r o w n soil, 7 to 18 
inches deep over chalk , wh ich is wel l d r a i n e d a n d g e n 
era l ly s loping. 

M a j o r l aye r s of a typica l  a r e as fo l lows : 
0-10 inches, dark grayish brown calcareous silty 

clay; very crumbly and granular. 
10-16 inches, grayish brown highly calcareous silty 

clay; friable; very granular ; permeable. 
16-40 inches plus, parent material of white chalk 

that is somewhat weathered and contains seams 
of earth to about 30 inches. 

W a t e r e n t e r s a n d m o v e s t h r o u g h t h e soil r ead i ly . 
T h e soil is wel l d r a ined . Ava i l ab l e w a t e r capac i ty i s 
h i g h p e r inch of soil b u t t h e d e p t h of usab le soil is 
l imi ted. T h e soil is d r o u t h y d u e to t h e sha l lowness . 
T h i s soil is a d a p t e d to a l imi ted n u m b e r of g ra s ses , 
o r n a m e n t a l s a n d t r ees . T h e soil is h igh ly ca lca reous 
a n d is v e r y h igh ly co r ro s ive to b u r i e d me ta l p ipes a n d 
condu i t s . T h e s u r f a c e soil h a s sh r i nk - swe l l c h a r 
ac te r i s t i cs r e q u i r i n g special c a r e in d e s i g n i n g f o u n d a 
t ions . T h e u n d e r l y i n g cha lk is one of t h e be t t e r f o u n d a 
t ion ma te r i a l s . ( S i m i l a r soils in r ecen t co r r e l a t i ons 
h a v e been p laced in t h e S t e p h e n se r i e s . ) 

A X T E L L F I N E S A N D Y L O A M (Am) 
T h i s is a g r a y i s h b r o w n to l ight b r o w n i s h g r a y 

soil 6 to 12 inches deep over t o u g h in t r ac t ab le s a n d y 
clay. I t is c o m m o n l y k n o w n as pos t o a k land .  
l aye r s of a typ ica l prof i le a r e as fo l lows : 

0-5 inches, grayish brown fine sandy loam; neutral. 
5-10 inches, light brownish gray fine sandy loam; 

strongly acid. 
10-20 inches, mottled reddish brown, gray, and yel

low compact heavy sandy clay; strongly acid; 
very slowly permeable. 
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20-35 inches, light yellowish brown sandy clay 
mottled with red; compact; moderately acid. 
 inches, mottled light olive gray and yellow 

noncalcareous compact sandy clay. 
55-70 inches plus, mottled light olive gray and pale 

yellow, calcareous, compact sandy clay.  HORIZON 
Water enters and moves through this soil very slow- Dark Layer / \ S u r f a c e S o i l 
 Drainage can be a problem if the soil is flat or run

off is impeded. The water holding capacity of the 
 is high but the soil is drouthy due to the diffi

culty of getting water into the soil. The soil is low in 
 The soil is adapted to a wide variety of  HORIZON  

grasses, ornamentals and trees. However, the compact  Or B r i q h t  S u b s o i l 
subsoil may hamper root penetration by some plants.   
This soil is highly corrosive to buried metal pipes or 
conduits. The soil has a  characteristic that 
necessitates special care in designing foundations for 
homes or other light buildings. 

C HORIZON 
A X T E L L V E R Y F I N E S A N D Y LOAM (An)      S u b s t r a t u m 

P a r e n t M a t e r i a l   is a grayish brown acid soil with a claypan sub- Or Bedrock 
soil of mottled reddish brown, gray and yellow tough 
clay. Fig. 2. Representative soil profile. This figure shows the main 

horizons and their designation in both technical and popular 
Major layers of a typical  are as follows :  Soil profiles vary in thickness from a few inches to 

0-3 inches, grayish brown very fine sandy loam; several feet. 
slightly acid; dries to form hard clods. 

3-6 inches, light gray very fine sandy loam; mod- . .  .  
erately acid; rests sharply on underlying sub- growmg a  variety of grasses, ornamentals and 
soil. trees. It is moderately corrosive to buried metal pipes 

6-15 inches, mottled reddish brown, gray and  and  
low tough heavy sandy clay; strongly acid; a 

 B A S T R O P V E R Y F I N E S A N D Y L O A M  
 inches,  olive noncalcareous        

sandy clay  much very fine sand; not ,      
quite so compact as above horizon.  but has a very fine sandy loam surface and the en-
 inches, light olive and yellow noncalcareous,    more   

compact sandy clay. Major layers of a typical profile are as  
55-70 inches plus, light olive gray and yellow  0-10 inches, brown mellow very fine sandy loam; 

careous compact sandy clay; contains scattered about neutral. 
concretions of calcium carbonate. 10-15 inches, reddish brown friable loam; about 

Water enters and moves through this soil very slowly. neutral. 
The soil is flat and drainage is a problem. The water  mches, reddish brown fnable clay loam; about 
               neutral; freely permeable. 
holding capacity of  subsoil   but the     vellowish red noncalcareous friable 
drouthy due to the  ot getting water mto the   
soil. The soil is low in fertility. The soil is adapted 72-120 inches plus, reddish yellow calcareous friable 
to a wide variety of grasses, ornamentals and trees. silt loam. 
However, the compact subsoil may hamper root pene- Water enters and moves through this soil  
tration of some plants. This soil is highly corrosive The soil is well drained. Available water capacity is 
to buried metal pipes or conduits. The soil has a shrink- high and the depth of soil usable by plants is over 10 
swell characteristic that necessitates special care in de- feet. The soil is noncalcareous to 6 feet. The soil is 
signing foundations for homes or other light buildings. moderately corrosive to buried metal pipes and con

duits. It is well suited to the growing of a wide variety 
B A S T R O P F I N E S A N D Y LOAM (Ba)  ornamentals and trees.  

This is a fertile easily worked soil that occurs on low 
benches adjacent to the Brazos River flood plain. BELL CLAY (Bd) 

 layers of a typical profile  as follows: Bell clay is a deep dark crumbly blackland soil on 
0-10 inches, grayish brown mellow fine sandy loam;  terraces. Major layers of a typical profile are 

about neutral.       
10-13 inches, reddish brown fine sandy loam; about    '  , ,   , 

neutral mches, black or dark gray, calcareous, heavy 
13-40 inches, yellowish red to red noncalcareous  crumbly clay; very sticky when wet; gran-

sandy clay loam; friable and freely permeable;   boundary  the underlying 
about neutral. layer. 

40-90 inches, reddish yellow noncalcareous loam    gray calcareous heavy clay; 
or sandy clay loam. somewhat more compact and less crumbly than 

90-120 inches plus, reddish yellow calcareous    
Water enters and moves through this soil readily.    calcareous plastic clay with 
 .          scattered concretions of calcium carbonate. 

The   well  Available  capacity   inches, gray and light yellow calcareous heavy 
 and the depth usable by plants   10 feet. The clay with scattered concretions of calcium car-

soil is noncalcareous to 8 feet. It is well adapted to bonate. 
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 inches plus, light gray and pale yellow cal
careous clay. 

Water enters and moves through this soil very slowly 
when the soil is wet. During dry periods the soil cracks 
deeply and water is absorbed rapidly until the soil is 
saturated. The soil has poor internal drainage and if 
level or with impeded runoff is wet after periods of rain
fall. The available water capacity is high and depth 
of usable soil exceeds 8 feet. It is adapted to a fairly 
wide variety of grasses, ornamentals and trees. The 
soil is highly calcareous and is very severely corrosive 
to buried pipes and conduits. Due to the high shrink-

 characteristics and the pressures developed on 
wetting, this soil is one of the most hazardous for 
foundations of structures such as houses. 

(Similar soils in recently correlated surveys have 
been called Houston Black clay, terrace.) 

B E L L  
 V A R I A N T (Bf) 

Bell clay, noncalcareous variant, is a deep dark 
crumbly blackland soil which differs f rom normal Bell 
clay in being noncalcareous in the upper 20 to 35 inches. 

Major layers of a typical profile are as follows : 
0-20 inches, black or dark gray, noncalcareous, 

heavy but crumbly clay; very sticky when wet; 
granular ; indistinct  with  
layer. 

20-55 inches, very dark gray calcareous heavy clay, 
somewhat more compact and less crumbly than 
surface layer. 

55-70 inches, dark gray calcareous plastic clay with 
scattered concretions of calcium carbonate. 

70-95 inches, gray and light yellow calcareous heavy 
clay with scattered concretions of calcium car
bonate. 

 inches plus, light gray and pale  cal
careous clay. 

Water enters and moves through this soil very slowly 
when the soil is wet. During dry periods the soil cracks 
deeply and water is absorbed rapidly until the  is 
saturated. The soil has poor internal drainage and if 
level or with impeded runoff is wet after periods of 
rainfall. The available water capacity is high and depth 
of usable soil exceeds 8 feet. The soil is adapted to 
a fair variety of grasses, ornamentals and trees. This 

 is very highly corrosive to buried pipes and con
duits. Due to the high  characteristics and 
the pressures developed on wetting, this soil is one of 
the most hazardous for foundations of light  
such as houses. 

(Similar soils in recently correlated surveys have 
been placed in the Hun t series.) 

BRAZOS S I L T LOAM (Bh) 

This is a brown moderately fertile soil of the Brazos 
River flood plain with a very sandy subsoil. 

Major layers of a typical profile are as follows : 
0-12 inches, brown to reddish brown noncalcareous 

silt  very  and weakly granular. 
12-20 inches, reddish brown calcareous silt loam; 

very friable and permeable. 
20-50 inches plus, light reddish brown calcareous 

loamy very fine sand stratified with fine sandy 
loam. 

Water enters and moves through this soil readily al
though the top 20 inches may be a bottleneck under 
heavy rainfall. The soil is  drained and easily 
worked. Water holding capacity is low due to the very 

sandy subsoil. The soil is adapted to a wide variety of 
grasses, ornamentals and trees. The soil is non-cor
rosive to buried pipes and  shrink-swell 
characteristics cause foundation problems. 

B R E W E R CLAY LOAM (Bk) 
This is a dark grayish brown to very dark gray fer

tile noncalcareous clay loam soil on the low terraces 
of the Brazos River. 

Major layers of a typical profile are as follows : 
0-8 inches, dark grayish brown noncalcareous friable 

 loam; granular ; neutral. 
8-45 inches, very dark gray to black noncalcareous 

crumbly clay. 
45-60 inches, dark grayish brown calcareous clay. 
60-85 inches, light brownish gray calcareous clay, 

mottled with brownish yellow and containing 
some sand. 

85-110 inches plus, stratified reddish brown and yel
low calcareous  clay and sand. 

Water enters and moves through this soil slowly. It 
is generally flat and runoff is slow. Internal drainage 
is slow. The water holding capacity of the soil is high 
and the soil has over 9 feet of usable depth for plant 
roots. The soil is adapted to a wide variety of grasses, 
ornamentals and trees. This soil is severely corrosive 
to buried pipes and conduits. The shrink-swell char
acteristics of this soil are such as to require special care 
in designing foundations of light buildings on this soil. 

B R O K E N L A N D , 
C A T A L P A S O I L M A T E R I A L  

This comprises broken areas such as streambanks 
and side gullies. Most areas are 100 to 300 feet wide 
and are made up of soils similar to those described 
under the Catalpa clay and clay loam. 

The soil is fertile and well drained but requires ex
tensive smoothing operations to make it suitable for 
use. See listings under Catalpa for the properties and 
characteristics of this soil. 

C A T A L P A CLAY, 
O C C A S I O N A L L Y F L O O D E D (Ca) 

This is a limy crumbly clay bottomland soil which is 
occasionally flooded. 

Major layers of a typical profile are as follows : 
0-30 inches, dark grayish brown highly calcareous 

silty clay or clay; granular and crumbly. 
30-60 inches plus, grayish brown highly calcareous 

silty clay or light clay; moderately permeable 
and friable. 

Water enters and moves through this soil slowly al
though the soil is not poorly drained. Nearby creeks 
or streams may cause sudden overflows on an average 
of once in 2 years. The water holding capacity of the 
soil is high and the depth usable for plant roots is over 
five feet. The soil is adapted to a wide variety of 
grasses, ornamentals and trees. I t is highly calcareous 
and is severely corrosive to buried pipes and conduits. 
The shrink-swell characteristics of the soil are such as 
to require special care in designing foundations of light 
builchngs on this soil. 

(Recently correlated surveys have placed similar soils 
in the Frio series.) 

C A T A L P A CLAY, 
1-4% S L O P E S (Cb) 

This is a dark grayish brown fertile calcareous 
crumbly clay bottomland soil which is above overflow 
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and occurs in footslope or alluvial fan positions. 
The major layers are the same as those described in 

the Catalpa clay, occasionally flooded. 
The characteristics of this soil are the same as the 

preceding Catalpa except that this soil is not  to 
overflow from adjacent streams. Water from higher 
lying hills may run across the soil but stream overflow 
is not a hazard. 

(Recently correlated surveys have placed similar 
soils in the Frio series.) 

CATALPA CLAY, 
F R E Q U E N T L Y F L O O D E D (Cc) 

This is a limy crumbly dark grayish brown clay bot
tomland soil that is frequently flooded. 

Major layers of a typical profile are as follows : 
0-30 inches, dark grayish brown highly calcareous 

 clay or clay; granular and very crumbly. 
30-60 inches plus, dark grayish brown highly cal

careous silty clay or clay; slightly less dark 
than layer above; moderately permeable. 

Water enters and moves through this soil slowly. 
The main problem is the frequent overflows which may 
occur several times during a year. The soil is fertile, 
has a high water holding capacity and has over 5 feet 
of depth usable by plant roots. This soil is adapted 
to a wide variety of grasses, ornamentals and trees. I t 
is highly calcareous and is severely corrosive to buried 
pipes and conduits. The  characteristics of 
this soil are such as to require special care in designing 
foundations of light buildings on this soil. 

(Recently correlated surveys have placed similar soils 
in the Frio series.) 

C A T A L P A CLAY LOAM, 
O C C A S I O N A L L Y F L O O D E D (Cd) 

This is a fertile calcareous granular moderately heavy 
bottomland that is occasionally flooded. 

 layers of a typical profile are as  
0-30 inches, dark grayish brown calcareous granu

lar clay loam. 
30-60 inches plus, slightly lighter colored calcareous 

granular clay loam. 
Water enters and moves through this soil slowly, al

though somewhat faster than through the Catalpa clay. 
The  has a high water holding capacity and has over 
5 feet of usable soil for plant roots. Nearby creeks or 
streams may cause sudden overflows on an average of 
once in two years. The soil is adapted to a wide variety 
of grasses, ornamentals and trees. It is highly cal
careous and is severely corrosive to buried pipes and 
conduits. The shrink-swell characteristics of this soil 
are such as to require special care in designing founda
tions of light buildings on this soil. 

(Recently correlated surveys have placed similar soils 
in the Frio series.) 

C A T A L P A CLAY LOAM, 
1-4% S L O P E S (Ce) 

This is a fertile calcareous granular moderately heavy 
bottomland that is not  to overflow. 

The major layers of typical profiles of this soil are 
the same as listed under Catalpa clay loam, occasionally 
flooded. 

This soil is similar in all respects to the Catalpa clay, 
occasionally flooded except that this soil is not subject 
to overflow. It is gently sloping and  of rainfall 
is more rapid than on the preceding soil. 

(Recently correlated surveys have placed similar soils 
in the Frio series.) 

C A T A L P A CLAY LOAM, 
F R E Q U E N T L Y F L O O D E D (Cf) 

This is a fertile calcareous granular moderately heavy 
bottomland soil lying along streams that overflow several 
times per year. 

The major layers of typical profiles of this soil are 
the same as those listed under Catalpa clay loam, oc
casionally flooded. 

All other characteristics and hazards to the use of 
this soil are the same as Catalpa clay loam, occasionally 
flooded except that the overflow hazard on this soil is 
much greater. 

(Recently correlated surveys have placed similar soils 
in the Frio series.) 

C R O C K E T T CLAY LOAM, 
S E V E R E L Y E R O D E D  

This is a severely eroded infertile sloping soil with 
less than 3 inches of surface soil remaining over a heavy 
subsoil. 

The major layers of a typical profile are as  
0-6 inches, grayish brown clay  very slightly 

acid : becoming very hard on drying. 
6-12 inches, mottled reddish brown, gray and olive 

yellow noncalcareous heavy clay; very com
pact; very slightly acid. 

12-35 inches, light olive gray noncalcareous clay 
slightly mottled with olive yellow; very compact 
and slowly permeable. 

3S-S0 inches plus, light gray slightly calcareous 
compact sandy clay with scattered concretions 
of calcium carbonate. 

Water enters and moves through this soil very slowly. 
The soil is sloping and water runs  rapidly. The 
water holding capacity of the soil is high but the soil is 
very drouthy due to the  of getting water  
the  The soil has about 3 feet of usable depth but 
the subsoil is very dense and may require deep tillage 
to allow roots to penetrate. It is adapted to a wide 
variety of grasses, ornamentals and trees. The soil is 
severely corrosive to buried pipes and conduits. This 
soil has shrink-swell characteristics that necessitate spe
cial care in designing foundations for homes or other 
light buildings. 

C R O C K E T T LOAM (Cm) 

This is a grayish brown relatively infertile soil with 
a dense clay subsoil. 

The major layers of a typical profile are as  
0-6 inches,  brown noncalcareous loam; very 

slightly acid; unless cultivated, becomes very 
hard on drying. 
 inches, mottled reddish brown, gray and olive 
yellow noncalcareous heavy clay; very com
pact ; very slightly acid. 

 inches, light olive gray noncalcareous clay 
slightly mottled with olive yellow; very com
pact and very slowly permeable. 

35-50 inches plus, light gray slightly calcareous 
compact sandy clay with scattered concretions 
of calcium carbonate. 

Water enters and moves through this soil very slowly. 
The soil is sloping and water runs  rapidly. The 
water holding capacity of the soil is high but the soil 
is drouthy due to the difficulty of getting water into 
the soil. The soil has about 3 feet of usable depth but 
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the subsoil is very dense and roots may have difficulty 
in penetrating it. The soil is adapted to a wide variety 
of grasses, ornamentals and trees. The soil is severely 
corrosive to buried pipes and conduits. This soil has 

 characteristics that necessitate special care 
in designing foundations for homes or other light build
ings. 

E D D Y G R A V E L L Y CLAY LOAM, 
4-15% S L O P E S (Ea) 

This is a very shallow light gray highly calcareous 
soil over chalk on strongly to moderately sloping hills. 

The major layers of a typical profile are as  
0-4 inches, light brownish gray calcareous clay 

loam, containing many fine f ragments of chalk. 
4-30 inches plus, chalk; slightly weathered and 

broken to a depth of about 20 inches. 
Water enters and moves through this soil at a mod

erate rate. The water holding capacity of the soil is 
low due to its very shallow depth. The soil is extremely 

 highly calcareous and requires sizeable ad
ditions of other soil to be suitable for the growth of 
grass and ornamentals. The soil has a limited number 
of adapted grasses, ornamentals and trees. The soil 
has considerable stability for use in supporting founda
tions of  buildings. The soil is moderately corrosive 
to buried pipes and conduits. 

E D D Y G R A V E L L Y CLAY LOAM, 
15-50% S L O P E S (Eb) 

This is a very shallow light gray highly calcareous 
soil over chalk on steeply sloping areas. 

The major layers of typical profiles of this soil are 
the same as those of the Eddy gravelly clay loam, 4 to 
  slopes, except that the layer of soil is only 2 to  
inches thick. 

AVater enters and moves through this soil at a mod
erate rate. The water holding capacity of the soil is 
very low due to its shallow depth.  soil is extremely 
drouthy and runoff is high due to the steep slopes. 
The ruggedness of the terrain adds sizeable difficulties 
to the use of the land. Recreational uses are most 
feasible and native species of vegetation are most suc
cessful. 

The soil has considerable stability for use in support
ing foundations of light buildings. The soil is mod
erately corrosive to  pipes and conduits. 

E D D Y  CLAY, 
 S L O P E S (Ec) 

This is a light brownish gray highly calcareous shal
low soil over chalk on strongly sloping areas. 

Representative  
0-10 inches, light brownish gray highly calcareous 

 clay or clay; very granular and crumbly. 
10-30 inches plus, chalk. 

Water enters and moves through this soil at a mod
erate rate. The water holding capacity of the soil is 
low due to its shallow depth. The soil is drouthy and 
highly calcareous. Additional soil would be needed to 
support successful growths of grass and ornamentals. 
Steep slopes add to the problems of use of this soil. 
The soil has considerable stability for use in supporting 
foundations of light buildings. This  is moderately 
corrosive to buried pipes and conduits. 

E U F A U L A F I N E S A N D (Ee) 

This is a light colored loose infertile well drained 
sand several feet  

A representative profile is as  
0-4 inches, pale brown or brown loose fine sand; 

neutral. 
4-30 inches, very pale brown loose fine sand; slight

ly acid. 
30-SO inches, pale yellow loamy fine sand; slightly 

acid. 
 inches,  yellow friable sandy clay loam; 

slightly mottled with reddish yellow; strongly 
acid. 

60-90 inches plus, pale yellow loamy fine sand; 
slightly acid. 

Water enters and moves  this  at a rapid 
rate. The   capacity of this soil is very 
low due to the coarse texture. The usable depth of 
the soil exceeds 7 feet. This soil is adapted to a wide 
variety of grasses, ornamentals and trees, including acid-
loving species, if sufficient moisture is supplied. This 
soil is moderately corrosive to  pipes and con
duits. 

H O R T M A N - A X T E L L F I N E S A N D Y L O A M S (Ha) 

This is an intermingled area of relatively infertile 
light colored sandy surfaced soils over heavy clay sub
soils. 

The representative profiles are described under Axtell 
fine sandy loam and Hor tman fine sandy loam. 

Water enters and passes through these soils very 
slowly. The water holding capacity of these soils is 
high. The . soils are drouthy, however, due to their 
sloping nature and the consequent high runoff. The 
soil is adapted to a wide variety of grasses, ornamentals 
and trees. These soils have shrink-swell characteristics 
that necessitate special care in designing foundations 
for homes or other  buildings. 

H O R T M A N F I N E S A N D Y L O A M (Hb) 

This is a light colored, infertile, sandy surfaced soil 
overlying a red and somewhat mottled clay subsoil. The 
major layers of a representative profile are as  

0-3 inches, grayish brown fine sandy loam; neutral. 
3-8 inches, pale brown fine sandy loam; slightly 

acid. 
 inches, reddish yellow or red clay; moderately 
crumbly; slightly acid. 
 inches, mottled red and yellow compact clay; 

slightly acid. 
35-60 inches plus, yellow and light gray compact 

noncalcareous sandy clay. 
Water enters and passes through this soil very slowly. 

The water holding capacity of the soil is high. Runoff 
is rapid due to the slope and tight nature of the subsoil. 
The soil is somewhat drouthy. The usable depth of 
soil is over 5 feet and it is adapted to a wide variety 
of grasses, ornamentals and trees. The dense clay 

 may restrict the penetration of some plant roots. 
This soil has shrink-swell characteristics that necessitate 
special care in designing foundations for homes or other 
light buildings. The soil is severely corrosive to buried 
pipes and conduits. 

H O U S T O N BLACK CLAY  
This is a fertile, nearly level deep calcareous black 

clay, usually known as heavy blackland. 
A representative profile is as follows : 

0-18 inches, black or very dark gray calcareous 
heavy clay; granular and crumbly. 
 inches, very dark gray heavy clay; somewhat 

 compact than layer above. 
 inches, dark olive gray, calcareous heavy clay 
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A m e r i c a n S o c i e t y 
f o r T e s t i n g M a t e r i a l s 

A m e r i c a n A s s o c i a t i o n 
of S t a t e H i g h w a y O f f i c i a l s 

Soil C l a s s i f i c a t i o n 

U . S . D e p a r t m e n t 
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Fig. 3. Soil-separate size limits. The figure includes systems by ASTM,  USDA, CAA, Corps of Engineers and 
USER. This figure adapted from the PCA Soil Primer, Fig.  p. 10, with permission of Richard G. Knox, Public Relations 
Bureau, Portland Cement Association, Chicago, Illinois. 

containing a few concretions of calcium car
bonate; very slowly permeable. 

60-80 inches plus, light olive gray  marl or 
highly calcareous clay; nearly impervious. 

Water enters and passes through this soil very slowly 
when the soil is already moist. When dry the soil 
cracks deeply and initial rains are absorbed rapidly. 

 is rapid from the more sloping areas. The 
water holding capacity of the soil is high and the usable 
soil depth is at least 5 feet. The soil is adapted to 
a fair variety of grasses, ornamentals and trees. This 
soil is very severely corrosive to buried pipes and con
duits. Due to the high  characteristics and 
the pressures developed on wetting, this soil is one of 
the most hazardous for foundations of structures such 
as houses. 

H O U S T O N BLACK CLAY, 
M O D E R A T E L Y D E E P V A R I A N T (Hf ) 

This is a fertile moderately deep calcareous black 
clay,  from Houston Black clay only in being 
about 2 feet thick over chalk. A representative profile 
is as  

 inches, black calcareous heavy clay; granular 
and crumbly. 
 inches, very dark grayish brown calcareous 

heavy clay. 
24-30 inches plus, hard chalk. 

Water enters and passes through the soil very slowly 
when the soil is wet. When dry the soil cracks deeply 
and initial rains are absorbed rapidly.  is rapid 
from the more sloping areas. The water holding ca
pacity of the  is only moderate due to the thinness 
of the soil over the chalk. The soil is adapted to a 
limited variety of grasses, ornamentals and trees. This 

soil is very severely corrosive to buried pipes and con
duits. Due to the high shrink-swell characteristics and 
the pressures developed on wetting, this is a very haz
ardous soil for foundations of light structures. The 
underlying chalk has considerable stability and removal 
or replacement of the soil mantle is expedient. 

H O U S T O N CLAY, 
1-8% S L O P E S (Hg) 

This is a deep dark grayish brown calcareous clay 
soil on sloping areas which is eroded in some places. 

The major layers in a typical profile are as follows: 
0-10 inches, dark yellowish brown calcareous heavy 

clay; crumbly and granular. 
 inches,  brown calcareous heavy clay; 

crumbly and granular in the upper par t ; grad
ually more compact and less dark with depth. 

15-60 inches plus, light yellowish brown heavy 
nearly impervious calcareous clay. 

Water enters and passes through this soil very slowly 
when the soil is wet. When dry the soil cracks deeply 
and initial rains are absorbed rapidly. Runoff is rapid 
due to slope. The water holding capacity of the soil 
is high. Depth of usable soil exceeds 5 feet. The soil 
is adapted to a limited variety of grasses, ornamentals 
and trees. This soil is very severely corrosive to buried 
pipes and conduits. Due to high shrink-swell char
acteristics and the pressures developed on wetting, this 
is a very hazardous soil for foundations of light struc
tures. 

H O U S T O N CLAY, 
8-15% S L O P E S (Hk) 

This is a strongly sloping soil like the Houston clay, 
1 to 8 percent slopes, except it is more hilly and the soil 
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layers are somewhat thinner. Representative  
 inches, dark yellowish brown calcareous heavy 
clay; granular and crumbly; very plastic and 
sticky when wet. 

15-40 inches, light yellowish brown calcareous heavy 
clay; slowly permeable. 

40-70 inches plus, parent material of pale yellow 
and light gray  calcareous compact clay; 
nearly impervious. 

Water enters and passes through this soil very slowly 
when the soil is wet. When dry the soil cracks deeply 
and initial rains are absorbed rapidly. Runoff is rapid 
due to steep slopes. The water holding capacity of the 
soil is high. Depth of usable soil exceeds 5 feet. This 
soil is adapted to a limited variety of grasses, orna
mentals and trees. This soil is very severely corrosive 
to buried pipes and conduits. Due to high  
characteristics and the pressures developed on wetting, 
this is a very hazardous soil for foundations of light 
structures. 

I R V I N G - A X T E L L C O M P L E X  
This is an intermingled area of fine sandy loams and 

loams of the Axtell and Irving series. These flat orig
inally wooded soils are low in fertility, poorly drained 
and have dense clay subsoils. The characteristics are 
given under the Axtell and Irving descriptions. 

B U R L E S O N CLAY  

This is a dark gray noncalcareous crusty moderately 
fertile clay occurring on flat to gentle slopes. 

A representative profile is as follows : 
0-40 inches, dark gray noncalcareous clay; neutral; 

moderately crumbly to 15 inches, tough and 
compact below. 
 inches, dark gray calcareous tough clay; very 

slowly permeable. 
75-85 inches plus, light olive gray calcareous tough 

clay; very slowly permeable. 
Water enters and passes through this soil very slowly 

when the soil is wet. When dry the soil cracks deeply 
and initial rains are absorbed rapidly. Runofi: is slow 
due to the flat slopes. Drainage may be impaired if 
the  is impeded. Depth of usable soil exceeds 6 
feet but the dense clay may impede roots of some plants. 
The water holding capacity of the soil is high. The 
soil is adapted to a wide variety of grasses, ornamentals 
and trees. The addition of materials to loosen the tough 
clay is advisable. Due to the high shrink-swell char
acteristics and the pressures developed on wetting, this 
is a very hazardous soil for the foundations of light 
structures. This soil is very severely corrosive to 
buried pipes and conduits. 

I R V I N G CLAY L O A M (Id) 
This is a dark gray crusty noncalcareous soil with 

dark gray compact clay subsoil which occurs on level 
to gently sloping terrace benches. 

Major layers of a typical profile are as follows : 
0-10 inches, dark gray noncalcareous clay loam; 

friable when moist ; weakly granular ; on drying 
after rains becomes hard unless cultivated; 
neutral. 

10-18 inches, very dark gray noncalcareous clay 
of cloddy breakage; neutral. 

18-43 inches, dark gray noncalcareous tough clay. 
43-60 inches, gray tough noncalcareous clay con

taining a few concretions of calcium carbonate. 
60-70 inches plus, light olive gray calcareous tough 

clay; very slowly pervious. 

Water enters and passes through this soil very slowly. 
Runoff is slow due to the flat slopes and if impeded may 
result in the soil being poorly drained. The depth of 
usable soil is up to 6 feet but the dense clay subsoil 
may impede roots of some plants. The water holding 
capacity of the soil is high. The soil is adapted to a 
wide variety of grasses, ornamentals and trees. This 
soil is moderately corrosive to buried pipes and conduits. 
This soil has shrink-swell characteristics that necessitate 
special care in designing foundations for homes or other 
light buildings. 

(Similar soils in recently correlated surveys have 
been called Wilson clay loam.) 

I R V I N G S I L T L O A M (If) 

This is a gray crusty noncalcareous soil with a dark 
gray compact subsoil which  on flats. 

Representative  
0-10 inches, gray noncalcareous crusty silt  

weakly granular ; very slightly acid. 
10-20 inches, very dark gray noncalcareous tough 

clay; neutral. 
20-33 inches, dark gray noncalcareous tough clay. 
33-50 inches, gray noncalcareous tough  

 inches plus, light olive gray calcareous tough 
clay; very slowly permeable. 

Water enters and passes through this soil  slowly. 
Runoff is very slow due to the flat slopes. Depth of 
usable soil is up to 6 feet but the dense clay subsoil may 
impede the roots of some plants. The water holding 
capacity of the soil is high. The soil is adapted to a 
wide variety of grasses, ornamentals and trees. This 
soil is moderately corrosive to buried pipes and con
duits. The soil has shrink-swell characteristics that 
necessitate special care in designing foundations for 
homes or other light buildings. 

(Similar soils in recently correlated surveys have 
been called Wilson silt loam.) 

I V A N H O E - I R V I N G - A X T E L L C O M P L E X  

This is a mapping unit made up of small areas of 
Ivanhoe silt loam, Irving clay loam and Axtell fine 
sandy loam, each of which is too small to show sep
arately on the map. Axtell and Irving have been de
scribed previously and those descriptions should be 
referred to. Only the Ivanhoe silt loam is described 
here. 

Major layers of a typical profile are as  
0-12 inches, grayish brown noncalcareous silt loam; 

moderately granular ; very slightly acid. 
12-18 inches, mottled gray, light gray, and reddish 

brown noncalcareous clay loam; moderately 
friable. 

18-40 inches, light brownish gray noncalcareous 
clay mottled with brown and brownish yellow; 
compact and very slowly permeable. 

40-70 inches, light olive gray noncalcareous clay; 
compact. 

70-90 inches plus, light olive  slightly cal
careous clay with occasional lenses of reddish 
brown  clay. 

Water enters and passes through these soils very 
slowly. Runoff is very slow due to the flat slopes. 
Depth of usable soil is about 6 feet but the dense clay 
subsoils may impede the roots of some plants. The 
water holding capacity of the soil is high. The soil is 
adapted to a wide variety of grasses, ornamentals and 
trees. These soils are moderately corrosive to buried 
pipes and conduits. These soils have shrink-swell char-
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acteristics that necessitate special care in designing 
foundations for homes or other light buildings. 

K A U F M A N CLAY LOAM (Ka) 

This is a deep dark fertile noncalcareous bottomland 
soil which is occasionally flooded. 

Representative  
0-48 inches plus, dark grayish brown noncalcareous 

clay loam; neutral; crumbly; friable and perm
eable. 

Water enters and passes through this soil slowly. 
Overflows may occur each year and water drains  
slowly due to the flat slopes. The water holding ca
pacity of the soil is high and the depth of usable soil 
is 4 feet or more. The soil is adapted to a wide variety 
of grasses, ornamentals and trees. This soil is very 
severely corrosive to buried pipes and conduits. This 
soil has  characteristics that necessitate spe
cial care in designing foundations for homes or other 
light buildings. 

K A U F M A N LOAM (Kb) 

This soil is very similar to Kaufman clay loam except 
it is more loamy. It is fertile, easily worked and more 
adaptable to tillage operations. Representative profile : 

0 to 60 inches plus, dark grayish brown noncalcar
eous loam; neutral; crumbly; friable and perm
eable. 

Water enters and passes through this soil slowly. 
Overflows may occur each year and water drains off 
slowly due to the flat slopes. The water holding capacity 
of the soil is high. Depth of usable soil is 5 feet or more. 
The soil is adapted to a wide variety of grasses, 
ornamentals and trees. This soil is very severely cor
rosive to buried pipes and conduits. The soil has favor
able characteristics and is suitable for normal founda
tions of light buildings. 

L E W I S V I L L E CLAY (La) 
This is a dark brown fertile granular calcareous clay 

soil that is easily worked and occupies old stream 
terraces. Major layers of a typical profile are as follows : 

0 to 12 inches, dark grayish brown highly calcare
ous  clay or clay; very granular and 
crumbly. 

12 to 30 inches, dark brown to brown highly cal
careous silty clay or clay; very granular; 
permeable. 

30 to 70 inches plus, parent material of light brown 
highly calcareous silty clay or clay; contains an 
occasional waterworn pebble of limestone. 

Water enters and moves through this soil readily. 
The soil is well drained and sloping areas are somewhat 
drouthy. The water holding capacity of the soil is 
high and the depth usable by plant roots exceeds 6 feet. 
The soil is adapted to a fairly wide variety of grasses, 
ornamentals and trees. This soil is very severely cor
rosive to buried pipes and conduits. 

This soil has shrink-swell characteristics that neces
sitate special care in designing foundations for homes 
or other light buildings. 

L E W I S V I L L E CLAY LOAM (Ld) 

This is a dark brown friable fertile calcareous clay 
loam soil occurring on sloping areas of old stream 
terraces. Representative  

0 to 10 inches, dark grayish brown highly cal
careous clay loam; very granular and crumbly. 

10 to 22 inches, grayish brown highly calcareous 

sandy clay; granular and crumbly; freely 
permeable. 

22 to 40 inches plus, pale brown friable highly cal
careous clay  

Water enters and moves through this soil readily. 
The soil is well drained and in some cases underlain by 
gravel. The water holding capacity of the soil is high 
and the depth usable by plant roots is about 3 feet. The 
soil is adapted to a fairly wide variety of gra.sses, 
ornamentals and trees. It is highly calcareous through
out. The soil is very severely corrosive to buried pipes 
and conduits. 

This soil has shrink-swell characteristics that neces
sitate special care in designing foundations for homes 
or other light buildings. 

 F I N E S A N D Y L O A M (Ma) 

This is a deep soil with a light colored sandy surface 
and a reddish friable sandy clay loam subsoil. 

Major layers of a typical profile are as  
0 to 3 inches, dark grayish brown light fine sandy 

loam; slightly acid. 
3 to 18 inches, yellow or very pale light fine sandy 

loam; strongly acid. 
18 to 42 inches, red sandy clay loam; strongly acid; 

moderately permeable and friable. 
42 to 66 inches, yellowish red fine sandy loam; high 

in  strongly acid. 
66 to 80 inches plus, reddish yellow sandy loam; 

stratified with some white sand and fine gravel. 
Water enters and moves through this soil readily. 

The soil is well drained and runoff is rapid. The water 
holding capacity of the soil is high and the depth usable 
by plant roots is over 6 feet. The soil is adapted to a 
wide variety of grasses, ornamentals and trees. 

The soil has favorable characteristics and is suitable 
for normal foundations of light buildings. This soil is 
moderately corrosive to buried pipes and conduits. 
(Similar soils in recently correlated surveys have been  
placed in the Dougherty series.) 

M I L L E R CLAY (Md) 

This is a deep very fertile and limy clay soil of the 
Brazos bottom. 

A representative profile is as follows : 
0 to 20 inches, dark brown calcareous clay or silty 

clay; granular and crumbly. 
20 to 60 inches plus, reddish brown calcareous clay 

or silty clay; crumbly and not impervious; un
derlain at greater depths by sands and silts. 

Water enters and moves through this soil very slowly. 
The soil is level and runoff is slow. The water holding 
capacity of the soil is high and the depth usable by 
plant roots is over 5 feet. The soil is adapted to a fair 
variety of grasses, ornamentals and trees and is highly 
calcareous throughout. This soil is very severely cor
rosive to buried pipes and conduits. 

Due to the high shrink-swell characteristics and the 
pressures developed on wetting, this soil is one of the 
most hazardous for foundations of structures such as 
houses. 

N O R G E CLAY L O A M (Na) 

This is a deep fertile dark reddish brown to dark 
brown crumbly soil occurring on old stream terraces. 

Major layers of a typical profile are as  
0 to 7 inches, dark brown noncalcareous clay  

neutral; granular and crumbly. 
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7 to 14 inches, dark reddish brown  
granular clay; neutral. 

14 to 30 inches, reddish brown noncalcareous stiff 
 neutral. 

30 to 40 inches, yellowish red noncalcareous stiff 
clay. 

40 to 72 inches plus, light reddish brown friable 
highly calcareous clay or  clay containing 
a few pieces of waterworn limestone gravel. 

Water enters and moves through this soil slowly. 
The soil is level to gently sloping and runoff is slow 
to moderate. The water holding capacity of the soil is 
high and the depth usable by plant roots is over 6 feet. 
The  is adapted to a wide variety of grasses, orna
mentals and trees. This soil is severely corrosive to 
buried pipes and conduits. 

This soil has  characteristics that neces
sitate special care in designing foundations for homes 
or other light buildings. 

 F I N E S A N D Y L O A M (Nb) 

This is a fertile brown sandy surfaced soil occurring 
in old stream terraces. 

Representative  
0 to 12 inches, brown friable fine sandy loam; very 

slightly acid. 
12 to 40 inches, reddish brown noncalcareous sandy 

clay; stiff but crumbly and moderately perme
able; very slightly acid. 

40 to 60 inches, light reddish brown noncalcareous 
sandy clay; neutral. 

60 to 100 inches plus, yellowish red highly cal
careous loam. 

Water enters and moves through this soil slowly. 
The soil is level to gently sloping and runoff is slow to 
moderate. The water holding capacity of the soil is 
high and the depth usable by plant roots is over 8 feet. 
The  is adapted to a wide variety of grasses, orna
mentals and trees. This soil is severely corrosive to 
buried pipes and conduits. 

This soil has shrink-swell characteristics that neces
sitate special care in designing foundations for homes 
or other light buildings. 

N O R W O O D S I L T L O A M (No) 

This is a deep fertile  drained reddish brown 
limy soil of the first bottoms of the Brazos River. 

Representative  
0 to 70 inches, reddish brown calcareous friable silt 

loam. 
Water enters and moves through this soil readily. 

The soil is level and runoff is slow although internal 
drainage is good. Low lying areas may occasionally 
overflow. The water holding capacity of the soil is high 
and the depth of usable soil exceeds 6 feet. The soil is 
adapted to a fair variety of grasses, ornamentals and 
trees. This soil is severely corrosive to buried pipes 
and conduits. 

The soil has shrink-swell characteristics that require 
only normal care in the designing of foundations for 
light buildings. 

N O R W O O D S I L T Y CLAY L O A M (Nd) 

This is a deep fertile moderately well drained limy 
soil of the first bottoms of the Brazos River. 

Representative  
0 to SO inches plus, reddish brown calcareous silty 

clay loam; permeable; friable and crumbly. 
Water enters and moves through this soil slowly. 

The soil is level and runoff is slow. Low lying areas 

may occasionally overflow. Internal drainage is slow. 
The water holding capacity of the soil is high and the 
depth of usable soil exceeds 4 feet. The soil is adapted 
to a fair variety of grasses, ornamentals and trees. This 
soil is moderately corrosive to buried pipes and conduits. 

This soil has shrink-swell characteristics that neces
sitate special care in designing foundations for homes or 
other light buildings. 

P A T R I C K CLAY (Pa) 

This is a dark grayish brown limy very crumbly clay 
underlain by beds of gravel at depths between about 12 
and 30 inches. 

Major layers of a representative profile are as follows : 
0 to 16 inches, dark grayish brown calcareous clay; 

very granular and crumbly. 
16 to 20 inches; brown calcareous clay; very gran

ular and crumbly. 
20 to 70 inches plus, a bed of limestone gravel con

taining little fine earth. 
Water enters and moves through this soil readily. 

The soil is sloping and somewhat drouthy due to lack 
of depth. Water holding capacity is limited. The depth 
of usable soil is only from 20 to 30 inches. The soil 
is adapted to a limited variety of grasses, ornamentals 
and trees. 

This soil is moderately corrosive to buried pipes and 
conduits. 

The shrink-swell characteristics of this soil are such 
that special care would be needed in designing founda
tions for homes or other light buildings. Removal of 
the soil mantle will provide a much better base. 

P A T R I C K G R A V E L L Y CLAY (Pb) 

This is a dark brown gravelly clay underlain by beds 
of limestone gravel at depths of 5 to 12 inches. 

Representative  
0 to 10 inches, dark brown calcareous gravelly clay; 

very crumbly and granular ; the pebbles are 
small waterworn f ragments of limestone and 
make up between one and two-thirds of the 
volume. 

10 to 60 inches plus, a bed of waterworn limestone 
gravel containing only a small portion of fine 
earth. 

Water enters and moves through this soil readily. 
The soil is sloping and quite drouthy due to lack of 
depth. Water holding capacity is very limited. The 
depth of usable soil averages only 10 inches. The soil 
is adapted to a limited number of grasses, ornamentals 
and trees. This soil is moderately corrosive to buried 
pipes and conduits. 

The thin soil mantle and the gravel substrata make 
this soil suitable for normal foundations of light 
buildings. 

P A Y N E CLAY L O A M (Pc) 

This is a deep moderately fertile grayish brown soil 
a tight brownish clay subsoil. 

Major layers of a representative profile are as 
 

0 to 8 inches, dark grayish brown or grayish brown 
noncalcareous clay loam; slightly acid; weakly 
granular ; slightly crusty. 

8 to 20 inches, dark brown noncalcareous heavy 
clay; compact; weakly blocky. 

20 to 36 inches, brown compact noncalcareous clay, 
slightly mottled with gray; fine cloddy break
age. 
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36 to  inches, brown calcareous moderately com
pact clay. 

45 to 80 inches plus, light yellowish brown highly 
calcareous friable clay or  clay; permeable. 

Water enters and moves through this soil very 
slowly. The soil is very gently sloping to level and 
runoff is slow. Internal drainage is slow. Water holding 
capacity is high and the depth of usable soil exceeds 
6 feet. The soil is adapted to a wide variety of grasses, 
ornamentals and trees. This soil is severely corrosive 
to buried pipes and conduits. It requires no special care 
in designing foundations for homes or other light 
buildings. 

P L E D G E R CLAY (Pd) 
This is a deep limy and clayey bottomland soil which 

is black or very dark brown on the surface and over
lies reddish brown clay. 

A representative profile is as follows : 
0 to 24 inches, black calcareous heavy clay; very 

sticky and plastic when wet; crumbly. 
24 to 60 inches, reddish brown calcareous heavy 

clay; very slowly permeable. 
Water enters and moves through this soil very 

slowly. The soil is level and runoff is slow. Overflows 
may occur. Internal drainage is slow and water may 
stand for periods after rains. The water holding capacity 
of the soil is high and the depth of usable soil exceeds 
5 feet. The soil is adapted to a fair variety of grasses, 
ornamentals and trees. This soil is very severely cor
rosive to buried pipes and conduits. 

Due to the high  characteristics and the 
pressures developed on wetting, this soil is one of the 
most hazardous for foundations of structures such as 
houses. 

R I E S E L - A X T E L L GRAVELLY LOAMS (Ra) 
This gently sloping complex consists of intermingled 

areas of Riesel gravelly loam and Axtell gravelly loam. 
These have dark grayish brown surface soils over 
mottled heavy subsoils with an abundance of gravel 
in the surface and subsoil. 

Representative profile of Riesel gravelly  
0 to 10 inches, dark grayish brown noncalcareous 

gravelly loam; the gravel consists of quartzite 
and other acid rocks. 

10  18 inches, brown noncalcareous compact 
gravelly clay; strongly mottled with red, gray 
and dark yellow; slowly permeable. 

18 to 30 inches, yellowish brown compact gravelly 
clay; mottled with gray and reddish brown; 
noncalcareous. 

30 to 50 inches plus, light gray and olive yellow 
calcareous compact gravelly clay. 

The Axtell in this complex differs from the Axtell 
described elsewhere in this section in having much 
gravel in the surface and subsoil layers. It is lighter 
colored and more sandy than the Riesel gravelly loam 
and occupies higher positions. 

Water enters and moves through these soils very 
slowly. Runoff is slow and internal drainage is very 
slow. The water holding capacity of these soils is high 
but they may be drouthy on the more sloping areas. 
The depth usable by plants exceeds four feet but the 
dense gravelly clay may restrict the roots of some plants. 
These soils are adapted to a wide variety of grasses, 
ornamentals and trees. These soils are severely cor
rosive to buried pipes and conduits. 

These soils have shrink-swell characteristics that ne

cessitate special care in designing foundations for homes 
or other light buildings. 

R I E S E L - I R V I N G G R A V E L L Y CLAY L O A M S (Rc) 
This complex consists of the gravelly clay loam types 

of the Riesel and Irving series. These are deep dark 
grayish brown surfaced soils with compact gravelly 
clay subsoils. 

A representative profile of Riesel gravelly clay loam 
is as  

0 to 10 inches, very dark grayish brown noncal
careous gravelly clay loam; granular  
crumbly; the gravel is of fine waterworn 
f ragments of quartzite and other acidic rocks. 

10 to 20 inches, reddish brown noncalcareous 
gravelly clay mottled with other shades of 
brown and light gray; compact; strongly 
blocky. 

20 to 36 inches, mottled yellow and gray noncal
careous compact gravelly clay. 

36 to 50 inches plus, light olive gray calcareous com
pact sandy clay containing some fine gravel. 

A representative profile of Irving gravelly clay loam 
is as  

0 to 6 inches, dark gray noncalcareous gravelly 
clay loam. 

6 to 20 inches, very dark gray or nearly black non
calcareous compact gravelly clay. 

20 to 40 inches, olive gray noncalcareous compact 
clay containing some fine gravel. 

40 to 60 inches plus, pale olive, calcareous, compact 
clay containing some fine gravel and sand. 

R I V E R W A S H (Re) 

Riverwash consists of unstable areas of river sands 
and silts along the Brazos River that are subject to 
frequent flooding and movement and have little or no 
vegetation. The areas vary in size with the level of the 
river and have been much reduced since the river level 
is largely controlled by upstream dams. 

Such areas are unsuitable for vegetation or  

R O U G H B R O K E N L A N D (Rf) 
Rough  land comprises broken and rough 

areas with little soil or vegetation. They include out
crops of chalk, marl and sandy clays. Some areas are 
the result of  most however are simply outcrops 
of geologic materials. 

Rough broken land is generally unsuitable for vegeta
tion other than the native cover that exists on it. Cedar, 
elm and oak grow on it. Recreational uses are feasible 
but other urban uses do not fit this land. 

R O U G H S T O N Y  A N D , 
B R A C K E T T SOIL M A T E R I A L (Rg) 

This kind of rough stony land occupies steep rocky 
limestone areas on slopes ranging from 20 to 40 per cent. 
The land type is mainly a mantle of weathered broken 
limestone intermixed with gray calcareous clay. This 
mantle is not over 5 inches thick but crevices containing 
soil extend several feet into the limestone bedrock. The 
area supports a stand of Texas red oak, shinnery, 
white oak, cedar, redbud and ill scented sumac. 

Such areas are probably best adapted for use in 
parks or other recreational uses. 

S A W Y E R F I N E S A N D Y L O A M (Sd) 

This is a light colored fine sandy loam with a subsoil 
of moderately heavy sandy clay. 

Major layers of a typical profile are as follows: 
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0 to 3 inches, grayish brown  fine sandy  
friable; neutral. 

3 to  inches, very pale brown light fine sandy 
loam containing a few fine pebbles; slightly 
acid. 

15 to 17 inches, brownish yellow sandy clay loam; 
moderately acid. 

17 to  inches, brownish yellow heavy sandy  
mottled with reddish brown and light gray; 
slowly permeable; moderately acid. 

 to 40 inches, yellow plastic sandy clay mottled 
with light gray; slightly acid. 

40 to 60 inches plus, parent material of pale yellow 
and light gray sticky sandy clay  

Water enters and moves through this soil very 
slowly, especially after the fine sandy loam surface is 
saturated. Runoff is slow and internal drainage is very 
slow. The water holding capacity of the soil is high. 
Depth of usable soil exceeds 3 feet but the dense sandy 
clay subsoil may impede some plant roots. This soil is 
relatively infertile but responds well to fertilization. 
It is adapted to a wide variety of grasses, ornamentals 
and trees. This soil is severely corrosive to buried 
pipes and conduits. 

S T I D H A M L O A M Y F I N E S A N D (Se) 
This is a light colored deep sandy soil with a perme

able subsoil of yellowish sandy clay. 
Representative  

0 to 4 inches, pale brown loamy fine sand; neutral. 
4 to 27 inches, very pale brown loamy fine sand; 

slightly acid. 
27 to 40 inches, yellow friable sandy clays; slightly 

mottled with gray in the upper part and red
dish spots in the lower par t ;  acid. 

40 to 60 inches plus, parent material of yellow non-
calcareous sand with seams of reddish yellow 
sandy loam. 

Water enters and moves through this soil rapidly. 
Runoff is slow and occurs only after heavy rains. In
ternal drainage is good. The water holding capacity is 
low. The depth of usable soil exceeds 5 feet. The soil 
is relatively infertile but responds well to fertilization. 
This soil is adapted to a wide variety of grasses, orna
mentals and trees. This soil is moderately corrosive to 
buried pipes and conduits. 

For foundations of light buildings such as houses this 
soil requires the normal precatttions as needed for sandy 
soils. 

 CLAY (Sf) 

This is a yellowish brown to olive brown calcareous 
clay, lying on steep slopes that grade within 5 to 20 
inches into raw parent material of calcareous marine 
clay or marl. 

A representative profile is as follows : 
0 to 3 inches, yellowish brown calcareous heavy 

clay; crumbly and granular. 
3 to  inches, light yellowish  or olive yellow 

calcareous heavy  
 to SO inches plus, parent material of pale olive 

and yellow raw  marl or highly calcareous 
clay; nearly impervious. 

Water enters and moves through this soil very slowly 
when wet. Initial rains on the dry cracked soil are 
rapidly absorbed. Runoff is rapid on the dominant steep 
slopes. Water holding capacity is high. Depth of usable 
soil varies with the kind of plant and its root system. 
The roots of native plants may penetrate several feet. 
The soil is adapted to a limited number of grasses, 

100 

100 100 

 sand 

Fig. 4. Soil texture triangle. This figure shows the percentage 
of clay (below 0.002 mm), silt (0.002 to O.OS mm), and sand 

 to 2.0 mm) in the basic soil textural classes. Adapted 
from Soil  Manual, Agriculture Handbook No. 18, 
U.S. Soil Conservation Service. 

ornamentals and trees. This soil is very severely cor
rosive to buried pipes and conduits. 

Due to the high  characteristics and 
pressures exerted by the soil on wetting, it is hazardous 
for foundations of light buildings  as houses. 

 S T O N Y CLAY (Tb) 

This is a dark stony calcareous soil which is very 
shallow over limestone. 

A representative profile is as  
0 to  inches, dark grayish brown calcareous 

granular clay containing numerous small and 
large f ragments of limestone. 

5 to 12 inches, partly weathered limestone, the 
crevices filled with brown clay that makes up 
some 10% of the volume. 

12 inches plus, bedrock of solid limestone. 
AVater enters and moves through the soil slowly. 

Runoff is rapid and the soil is drouthy  to its shal
low depth. The water holding capacity of the soil is low. 
The soil grows native grasses and trees successfully but 
is not suited to most introduced species. This soil is 
severely corrosive to buried pipes and  

This soil provides a good base on which to place 
 of light buildings such as houses. 

T R A V I S F I N E S A N D Y L O A M (To) 

This is a light colored sandy surfaced soil with a red 
sandy clay subsoil. 

Major layers of a typical profile are as  
0 to 3 inches, grayish brown fine sandy loam; 

neutral. 
3 to  inches, very pale brown light fine sandy 

loam; neutral. 
15 to 45 inches, red sandy clay; slightly acid; stiff 

but crumbly and permeable. 
45 to 60 inches plus, bed of fine waterworn gravel, 

mostly of chert; noncalcareous. 
Water enters and moves through this soil slowly. 
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Runoff is rapid and the soil is well drained. The water 
holding capacity of the soil is high. Depth of  
soil is 5 feet. The soil is infertile but responds rapidly to 
fertilization. This soil is adapted to a wide range of 
grasses, ornamentals and trees. This soil is severely 
corrosive to buried pipes and conduits. This soil has 

 characteristics that necessitate special care 
in designing foundations for homes or other light 
buildings. 

T R I N I T Y CLAY (Te) 

This is a deep dark colored calcareous fertile clay 
bottomland soil of the first bottoms of streams draining 
the blackland. 

A representative profile is as follows : 
0 to SO inches plus, dark gray calcareous heavy clay; 

very plastic and sticky when wet; crumbly 
when plowed; slowly permeable. 

Water enters and moves through this soil very slowly 
when wet. Initial rains on this soil when dry and cracked 
are rapidly absorbed. Due to low positions overflows 
are frequent in some places and  is slow. The 
soil may remain wet for extended periods. Water hold
ing capacity of the soil is high. Depth of usable soil 
exceeds 4 feet. The soil is adapted to a wide variety of 
grasses, ornamentals and trees. This soil is very cor
rosive to buried pipes and conduits. 

Due to the high shrink-swell characteristics and the 
pressures exerted on wetting by this soil, it is one of the 
most hazardous for foundations of light buildings such 
as houses. 

V A N O S S F I N E S A N D Y LOAM (Va) 
This is a deep moderately fertile grayish brown sandy 

surfaced level soil with a friable permeable subsoil. 
Major layers of a typical profile are as  

0 to  inches, grayish brown mellow fine sandy 
loam; neutral; weakly granular. 

 to 30 inches, yellowish brown noncalcareous 
friable sandy clay loam; freely permeable. 

30 to 4S inches, light yellowish brown or brownish 
yellow friable sandy clay loam containing 
brown spots; noncalcareous. 

 to 60 inches, light yellowish brown noncalcareous 
sandy clay loam. 

60 to 75 inches, light yellowish brown noncal
careous fine sandy loam. 

 to 100 inches plus, light yellowish brown or 
yellow calcareous fine sandy loam. 

Water enters and moves through this soil readily. 
It is well drained and runoff is slow but the soil dries 
up rapidly after rains. Water holding capacity of the 
soil is moderate. Depth of usable soil is over 6 feet. 
The soil is adapted to a wide variety of grasses, orna
mentals and trees. 

V A N O S S S I L T LOAM (Vb) 
This is a deep fertile grayish brown level soil with a 

friable permeable subsoil. 
A representative profile is as follows : 

0 to 10 inches, dark grayish brown noncalcareous 
silt loam; friable; neutral; granular. 

10 to 18 inches, brown noncalcareous friable  
clay loam; granular. 

18 to 35 inches, yellowish brown noncalcareous 
friable silty clay loam; freely permeable. 

 to SO inches, brownish yellow noncalcareous. 
So to 70 inches plus, light yellowish brown cal

careous friable silt loam. 
Water enters and moves through this soil readily. 

It is well drained and runoff is slow. However the soil 
dries up fairly quickly after rains. Water holding ca
pacity of the soil is high. Depth of usable soil is over 
6 feet. The soil is adapted to a wide variety of grasses, 
ornamentals and trees. 

W I L S O N CLAY LOAM (Wb) 

This is a dark gray crusty clay loam with a subsoil 
of dark gray tough clay. 

 layers of a typical profile  
0 to 10 inches, dark gray noncalcareous clay loam; 

weakly granular; friable when moist, very hard 
when dry; surface crusts on drying without 
tillage; slightly acid. 

10 to 36 inches, dark gray noncalcareous heavy 
clay of coarse blocky breakage; very slowly 
permeable; very hard when dry; slightly acid 
in the upper part; a  pan. 

36 to 60 inches, gray to light brownish gray cal
careous very compact clay containing a few 
concretions of carbonate of lime. 

60 to 80 inches plus, parent material of yellow and 
light gray calcareous compact clay. 

Water enters and moves through this soil very 
slowly. Runoff is rapid due to slope but internal drain
age is slow. Water holding capacity of the soil is high 
but the soil is somewhat drouthy because of its 
tightness. The depth of usable soil is over 6 feet but 
not all plant roots can penetrate the tough clay subsoil. 
The soil is adapted to a wide variety of grasses, orna
mentals and trees. 

This soil has shrink-swell characteristics that neces
sitate special care in designing foundations for homes 
or other light buildings. This soil is very severely cor
rosive to buried pipes and conduits. 

B U R L E S O N - H O U S T O N CLAYS (Wd) 

The gently sloping complex is a mixture of a dark 
crusty noncalcareous clay and a brownish highly 
careous and crumbly clay in proportions ranging from 
80-20 on the least sloping areas to 50-50 in the more 
sloping areas. The Houston clay profile is as described 
under Houston clay, 1-8 per cent slopes ( H g ) . 

A representative profile of Burleson clay is as follows : 
0 to 40 inches, dark gray noncalcareous clay; neu

tral; moderately crumbly to  inches, tough 
and compact below. 

 to  inches, dark gray calcareous tough clay; 
very slowly permeable. 

 to 85 inches plus, light olive gray calcareous 
tough clay; very slowly permeable. 

Water enters and moves through these soils very 
slowly when wet. Initial rains when the soil is dry and 
cracked are absorbed rapidly. Runoff is slow and in
ternal drainage is very slow. Water holding capacity is 
high. The depth of usable soil exceeds 6 feet. These in
termingled soils are adapted to a wide variety of 
grasses, ornamentals and trees. These soils are very 
severely corrosive to buried pipes and conduits. 

Due to the high shrink-swell characteristics and the 
pressures exerted on wetting, these soils are among 
the most hazardous for foundations of light buildings. 

W I L S O N - H O U S T O N C O M P L E X (We) 

This sloping complex of soils comprises intermingled 
areas of Wilson clay loam and Houston clay. These two 
soils occupy alternating strips 10 to 20 feet wide, that 
run up and down the slopes. 

Representative profiles are described under Wilson 
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clay loam ( W b ) and Houston clay ( H q j . 
This mapping unit has characteristics common to the 

two component soils. Cultivation may have so mixed 
the calcareous surface soil of the Houston clay with the 
noncalcareous surface of the Wilson that the entire 
area has a calcareous surface. The overall recommenda
tions for adapted grasses, ornament?.ls and trees will be 
the same as the Houston clay. These soils are hazardous 
for foundations as the Houston component has high 

 characteristics and its intermingling with 
the less active Wilson sets up differential pressures 
which add to the problem. This soil is very severely 
corrosive to buried pipes and conduits. 

Y A H O L A S I L T L O A M (Ya) 

This is a deep reddish limy bottomland soil of the 
Brazos with a sandy subsoil. 

A representative profile is as follows : 
0 to 20 inches, reddish brown calcareous silt loam; 

very friable. 
20 to 50 inches plus, light reddish brown calcareous 

very fine sandy loam stratified with lenses of 
fine sand. 

A P P L I C A T I O N 

The information contained in this section can be used 
by those having an interest in the engineering aspects 
of soils. I t will not eliminate, however, the need for 
sampling and testing for design and construction of 
specific engineering works. The information can be 
used  

1. Make soil and land use studies that will aid in the 
selection and development of industrial, business 
and residential sites. 

2. Make preliminary evaluations of soil and ground 
conditions that will aid in selecting locations for 
highways, pipelines, airports, residential buildings, 
storage areas, and to plan more detailed soil 
surveys of the selected locations. 

3.  probable sources of topsoil and fill materials. 
4. Correlate performance of engineering construction 

with soil mapping units, and thus develop informa
tion that should be useful in designing and main
taining structures. 

5. Determine the suitability of soils for the cross 
country movement of vehicles and construction 
equipment. 

6. Supplement information obtained from other pub
lished maps, reports, and aerial photographs for 

maps and reports that can be used readily by 
engineers. 

7. Develop other preliminary estimates for construc
tion in a particular area. 

U. S. D E P A R T M E N T OF A G R I C U L T U R E SOIL 
C L A S S I F I C A T I O N S Y S T E M 

The U S D A system, as well as engineering systems 
such as Unified and A A S H O , group soils according 
to sizes and proportion of particle sizes. Particle size 
classification in the U S D A system is similar to en
gineering classification, but differs in size classes as
signed to sand, silt, clay, and gravel fractions. The 
soil separates which represent classes have specific 
ranges in size (fig. 3 ) . Soil is a mixture of these soil 
separates. 

Water enters and moves through this soil readily. 
Runoff is slow but internal drainage is good. The 
water holding capacity of this soil is only moderate but 
the soil has over 4 feet of usable depth. The soil is 
fertile and easily worked. The soil is adapted to a wide 
variety of grasses, ornamentals and trees. 

Y A H O L A V E R Y F I N E S A N D Y LOAM (Yb) 

This is a deep reddish sandy limy bottomland soil 
of the Brazos. 

A representative profile is as follows : 
0 to 20 inches, reddish brown calcareous light 

very fine sandy loam. 
20 to SO inches plus, light reddish brown very fine 

sandy  stratified with fine sand. 

Water enters and moves through this soil readily. 
Low lying areas may occasionally overflow. Internal 
drainage is good and water seldom stands more than a 
few hours. The water holding capacity is only moderate 
and the soil depth exceeds 4 feet. The soil is easily 
worked and responds well to fertilization. It is adapted 
to a wide variety of grasses, ornamentals and trees. 

O F S O I L D A T A 

Soil texture, one of the important criteria used in 
classifying soils, is defined by the relative proportion 
of the various size groups  individual soil grains in 
a mass of soil (fig. 4).. See Figure 3 for comparison of 
texture and particle size classes of A A S H O , Unified, 
U S D A and other systems. In the U S D A soil classifica
tion system, soil is a three dimensional body having 
width, breadth and depth. The system is explained 
more fully in the following section. The individual soils 
of the Waco area are defined and explained in terms of 
the U S D A classification units. The units form the basis 
for identification and location of kinds of soils on the 
soils map. They afford a means of relating experimental 
and test data to specific tracts of land and to specific 
horizons or layers of soils. The majority of interpre
tations in this report are made on the individual horizons 
or layers, using appropriate engineering soil classifica
tion. Some engineering interpretations, such as suitabili
ties for various uses, are made on the whole soil. 

E S T I M A T E D P H Y S I C A L A N D C H E M I C A L 
P R O P E R T I E S OF SOILS, W A C O A R E A 

T A B L E 2. 

This is a key table to all engineering interpretations 
in this section. The soils are identified on the table in 
the alphabetical order of the identifying map symbols. 
Following are explanations of the column headings in 
Table 2. 

  map symbols are listed in alpha
betical order. 

Column  mapping unit name is the same as 
that used in the section on soil descriptions. 

Columns 3 &  
Column  U S D A textural triangle (fig. 4 ) . 
Column  :  Experiment Sta

tion, Corps of Engineers (1953) The Unified Soil 
Classification  Technical Memo 3-357, 3v., 

 Mississippi. 
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Column  American Association of 
State Highway Officials  Standard Specifica
tions for Highway Materials and Methods of Sampling 
and  Ed. 7, 2v.,  

Columns 8,  &  estimations are based on 
the data in the Soil Survey of McLennan County. 
Texas, USDA, Soil Conservation Service, May 1958 
and on laboratory data of similar soils in other counties 
in Central Texas. 

Column  to the arrangement or groupings 
of soil materials into aggregates. Structure has a 
dominant influence on the rate of movement of water 
through the soil and the degree of aeration present. 
Structural forms found in  area are : (1) Angular 
Blocky or  This structure resembles crude blocks 
with relatively straight edges and sharp corners. Ir
regular Blocky is a form of blocky structure where the 
blocks have very sharp corners and an irregular shape 
with one axis much larger than the other. (2) 

 Blocky. The blocks are nut shaped and have 
rounded corners and sub-rounded sides which accomo-
date adjacent aggregates. (3) Granular. Rounded ag
gregates which fit loosely together and are readily 
shaken apart. Is characteristic of surface layers, 
especially those high in organic matter. (4) Massive. 
Lacking any structural form. (5) Single Grain. Show
ing separation into single sand grains and found only 
in sandy soil. 

  &  
Column  amount of free carbonates, mainly 

calcium carbonate  is expressed in four 
 

Very  Less than 1 percent 
 1 to 5 percent 

 5 to 20 percent 
 Greater  20 percent 

In some soil layers the soil matrix is noncalcareous 
but  concretions occur. These are considered in 
the estimation:,. L mestone fragments are not con
sidered. 

Column  estimates are based on laboratory 
results ( A A S H O procedure T 99-49). See reference 
under Column 7. 

Column  Resistivity. The figures are 
estimates based on  taken on each soil in the 
Waco area and correlated with readings of the same 
soils in the San Antonio area. These values relate to the 
corrosion potential of metal pipes, conduits, etc., that are 
placed in the soil. Corrosion of untreated steel pipes is a 
physical-biochemical process converting iron into its 
ions. Soil moisture is needed to form solutions with 
soluble salts in an environment having  con
centrations before the process can operate. This con
stitutes a corrosion cell. Some of these factors are soil 
moisture content, conductivity of soil solution, hydrogen 
ion activity ( p H ) of soil solutions, oxygen concentra
tion (aeration) and activity of organisms capable of 
causing oxidation-reduction reactions. The corrosivity 
of soil for untreated steel pipe is commonly determined 
by (1) electrical resistivity or resistance to a flow of 
current, (2) total acidity, and (3) soil drainage and 
texture. On the basis of data provided in the publica
tion Underground Corrosion. Table 99, page 167, 
Circular 579, Department of Commerce, National 
Bureau of Standards, five soil corrosivity classes are 
proposed for use in making soil interpretations. The 

classes are as follows : 
Over 10,000  Very low (noncorrosive) 
5,000 to 10,000  Low (slightly corrosive) 
2,000 to 5,000  Moderate (moderately 

corrosive) 
1,000 to 2,000  High (severely corrosive) 
Less than 1,000  High (very severely 

 
See Corrosion, Causes and Control by Charles W . 
Tipps, P.E., Corrosion Engineer for the City Public 
Service Board, San Antonio, Texas, in Soil Handbook 
for Soil Survey of Metropolitan Area, San Antonio, 
Texas, U S D A , SCS, April 1964. 

Columns 19 &  Vertical  The 
 potential of soils is  in that it 

determines the upward thrust of a soil on  
The amount of the rise and the force exerted determines 
the hazard to foundations, pavements and other light 
structures. A vertical rise of one-half inch or more is 
considered to be damaging and  of the need 
for special precautions in building. The factors that 
affect the amount of potential vertical rise in a soil  
kind and amount of clay, i.e., the plastic  the 
amount of soil that passes through a 200 mesh screen, 
(percent soil binder) ; and the depth of soil to bedrock 
or a non-swelling parent material. The Texas  
Department's Test Method Tex-124-E, June 1962, was 
used as a source of formulas and graphs to determine 
the P V R . The plastic index and percent binder for 
each soil or significantly different horizon of a soil 
were taken from Texas Highway Department de
terminations made in McLennan County or surround
ing counties. Computations were made on the basis of 
the soil as described in McLennan County. The P V R 
was computed on all soils to a depth of six feet or to 
bedrock if shallower than six feet. 
The adjective ratings of P V R are as follows: 

Less than 0.5  Low 
0.5 to 1.25  Moderate 
1.25 to 2.0  High 
Greater than 2.0  Very High 

Those soils marked with an  in the P V R inches 
column have swelling material extending deeper than 
6 feet and the total P V R may exceed that listed. 

  material includes soil, rock, 
sand or gravel. Such materials may impede or hamper 
excavation work or impose additional hazards. A range 
in depth is given to the top of the stratum of limestone, 
gravel, sand or other material. 

Column  soil group is a group of 
soils having about the same water-runoff potential 
under similar storm and plant cover conditions. Four 
groups are used : 

 with high infiltration rates and low runoff 
potential when wetted. 

 with moderate infiltration rates and moderate 
runoff potential when wetted. 

 with slow infiltration rates and moderately 
high runoff potential when wetted. 

 with very low infiltration rates and high 
runoff potential when wetted. 

In using the hydrologic soil groups to determine runoff, 
refer to section 4, Hydrologic Supplement A of En
gineering Handbook, Soil Conservation Service, U.S. 
Department of Agriculture. Also see Appendix E 
(idem). 
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Column  soil drainage is an overall eval
uation of the drainage characteristics of the soil, con
sidering both the internal porosity of the soil and the 
slope on which it is found. Three classes are  

 Drainage is adequate under all conditions. 
 Drainage may be restricted for short 

periods of heavy rainfall or inundation. 
 Drainage restricted except during pro

tracted dry periods. 
Column  

S U I T A B I L I T Y OF SOILS FOR E N G I N E E R I N G 
USES, WACO A R E A ( T A B L E 3)4 

Following are explanations of some of the ratings 
that may need clarification. The ratings are based on 
the "whole soil," but an adverse feature of one or more 
layers determines the ratings for some soils for a 
particular engineering use. Most of the column headings 

 self-explanatory, but a few are explained. 
Column  Map  soil map sym

bols are listed in alphabetical order. In some cases two 
 are shown where slope phases were mapped 

 are not significant to the engineering uses. 
  Type, Soil Complex, or Miscellane

ous Land  name of the mapping unit is 
listed here. 

Column  a re : Good, which in
cludes loamy soils that have 10 inches or more of sur-

 layer; Fair, which means the soils are limited in 
thickness, too clayey, or too crusty, etc.; Poor means 
the soil is too stony, too gravelly, too shallow, or too 
high in lime  V P means very poor or unsuitable 

 of being very shallow, too eroded, or too stony. 
Column  Fill  means the 

soil is loamy or moderately sandy and has low or only 
moderate  potential, ?nd the soil is of 
adequate  Fair means the soil is of only moderate 
quality or is limited by shallow depth over  
Poor means the soil has limiting  such as high 
shrink-swell potential or is shallow or both; V P means 
that the soil is very shallow, has a high shrink-swell 
potential or both, making it generally  for 
fill material. 

Column  the material on which the 
highwav concrete or asphalt is laid. The  are 
taken directly from Unified Soil Classification System, 
Table  Appendix B, Technical  No. 
3-357, March 1953, Revised June, 1957. Soils rated 
V P require stabilization or replacement with more 
suitable materials. 

Column  the material just be
neath the base. Thickness varies, depending on several 
factors. A sub-base is not always used. The ratings are 
from same source as for Column 5. 

Column  to the depth to which 
the cut is made or fill is made, and in this column, to 
the material in place, just below this depth. Ratings 
are from same source as those for Column 5. 

  Structures and  
means the soil is not limited because of shrink-swell 
potential or lack of depth, etc.; Fair means the soil 

 C. Bennett, Civil Engineer, Soil Conservation Service 
Temple,  graciously assisted in checking the engineering 
interpretations. 

has only moderate shrink-swell potential or is of 
moderate  Poor means the soil is  or 
has high shrink-swell potential. 

  for Low  
means the soil has a low shrink-swell potential and 
has no other adverse  Fair means the soil has a 
moderate shrink-swell  Poor means occasional 
flooding or high shrink-swell  V P means not 
suitable because of frequent flooding or very high 
shrink-swell potential or both. See Columns 19 and 20 
of Table 2 for more precise data on the amount of 
expected change in volume. 

Columns 10, 11, 12 &  Water  
Good means the soil has no known adverse  
Fair means the soil is limited in depth, adverse soil 
texture for the purpose, high shrink-swell potential, or 
some other feature, but can be used with some pre
cautions ; Poor means there is some hazard, such as 
flooding or shallow soil that is dangerous for the 
purpose  V P means the soil is very clayey or 
very shallow, frequently flooded, too porous, or has 
some other prohibitive feature for the  listed. 

  or  means no 
known adverse  Fair means the soil can be 
used for the purpose, if precautions are taken to 
elim'nate or correct an adverse feature, such as too 
permeable a  Poor means very permeable 
material and risky for the  V P means not suitable 
because of limestone or chalk at shallow depth that makes 
pond or reservoir construction impractical unless special 
project justifies the expense. 

SOIL F E A T U R E S A F F E C T I N G E N G I N E E R I N G 
PRACTICES, W A C O A R E A ( T A B L E 4) 

This table is based on the "whole soil" instead of a 
particular soil layer. The characteristics of one soil 
layer, however, may cause the entire soil to have 
adverse properties. Examples are : (1) "Very slow 
permeability" of Axtell fine sandy loam is an adverse 
feature for septic systems. The very slow  
is a feature of the subsoil layer; (2) "Chalk at about 4 
to 6 inches depth" is an adverse feature of the Eddy 
soils for buried pipes,  etc. This feature of the 
Eddy soil is based not only on a given layer in the 
soil but on the fact that the soil is very shallow to 
 

Where a line is left blank in a particular column, no 
known adverse feature exists in that soil for that 
particular use. 

The soils are listed in the table in alphabetical order 
of the map symbols. In some cases more than one 
symbol is listed when texture or some other feature has 
no  on engineering practices. 

The column headings are self-explanatory. Reference 
to Table 2 will give added information on any soil. 

H E R B A C E O U S A N D W O O D Y P L A N T 
S U I T A B I L I T I E S , W A C O A R E A ( T A B L E  

The information contained in Table 5 can be used 
by those homeowners and others having an interest in 
the growth of the ornamental plants common to the 
Waco area. The listings of plants is not necessarily 
complete. The treatments recommended are general and 
in terms of principles rather than specifics. This table 
is to aid in getting the right plants on the right soils. 
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M A P N A M E O F S O I L D E P T H C L A S S I F I C A T I O N P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E P E R M E 
S Y M 
B O L 

(1) 

S O I L OR 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

(2) 

D E S C R I P T I O N 

(3) 

F R O M 
S U R F A C E 
( I N C H E S ) 

(4 ) 

Texture Unified 
U S D A 

(5) (6) 

A A S H O 

(7) 

No. 1 
25.4 
mm 

(8) 

No. 4 
4.7 
mm 

(9) 

No.  
2.0 
mm 

(10) 

No. 200 
0.074 
m m 

(11) 

S T R U C T U R E 
S O I L F I N E S 

(12) 

A B I L I T Y -
R A T E  

(13) 

Aa Alluvial soils, 

entiated 

 
Mapping unit 
consists of 
stratified and 
mixed fine 
sands, clay 
loams and oc
casional  
commonly 
flooded. 

Mapping unit too mixed to be 
characterized by physical and 
chemical characteristics. 

Ab Asa silt  About 30 inches 
of noncalcare-
ous silt loam 
over calcareous 
silt loam to 6 
feet. 

0-12 
12-30 
30-70 

Silt loam ML 
Hvy. silt loam ML 
Silt loam ML 

A-6 
A-6 
A-6 

100 
100 
100 

100 
100 
100 

100 
100 
100 

60 
60 
60 

Wk. granular 
Wk. granular 
Wk. granular 

O.S-l.S 
0.4-1.2 
 

Ac Asa silty clay 
loam 

About  inches 
of noncalcare-
ous silty clay 
loam over  
inches of 
heavier silt clay 
loam, and cal
careous silty 
clay loam from 
30 inches to 
over 8 feet. 

 
 

30-100 

Silty clay loam ML 
Hvy. silty clay ML 

loam 
Silty clay loam ML 

A-6 
A-6 

A-6 

100 
100 

100 

100 
100 

100 

100 
100 

100 

 
85 

 

Mod. granular 
Mod. granular 

Mod. granular 

0.2-1.2 
0.1-1.0 

0.2-1.2 

 Asa very f in: 
sandy loam 

  inches 
of noncalcare-
ous very fine 
sandy loam 
over calcareous 
silt loam to  
feet or more. 

0-15 

 
36-60 

Very fine SM 
sandy loam 

Silt loam ML 
Silt loam ML 

A-4 

A-6 
A-6 

100 

100 
100 

100 

100 
100 

100 

100 
100 

40 

60 
60 

Single grain 
to  
granular 

Mod. granular 
Mod.  

O.S-2.2 

O.S-l.S 
O.S-l.S 

 Austin-Eddy 
gravelly 
clay loam 

This is a mix
ture of Austin 
and Eddy 
gravelly clay 
 
Eddy gravelly 
clay loam 
(Ea) . 

Austin gravelly 
clay loam data 
are as  
4 to  inches of 
gravelly  
loam grading 
into chalk with 
intermingled 
soil to 24 
inches. 

0-4 

4-24 

24-40 

Gravelly clay GC 
loam 

Clay loam and GC 
 

 

A-3 80 

 

70 

20 

65 

 

60 

10 

Granular 1.2-2.5 

1.2-2.5 

0.05-0.2 

Af Austin silty 
clay 

About 20 to 30 
inches of cal
careous, very 
crumbly silty 
clay over al
tered chalk or 
chalky marl. 

0-30 Silty clay CH-CL 

Chalky marl CL 
or soft chalk 

A-7-6 

A-7-6 

100 100 

34 

100 

30 

99 

20 

Subangular 1.0-1.5 

O.OS-0.2 

Ag Austin silty 
clay, shal
low variant 

About 16 
inches of cal
careous, very 
crumbly silty 
clay over soft 
altered chalk, 
grading to 
harder strata. 

0-10 

10-16 
16-40 

Silty day CH or CL A-6-7 

Silty  CH or CL A-6-7 
Chalk 

95-100 

 

 

95-100 

90-100 

90-100 

  

  

Granular to 
subangular 

 

 

 
0.05-0.2 



P R O P E R T I E S OF SOILS, WACO AREA. 

R E A C T I O N F R E E U N I T D R Y E L E C T R I C A L V O L U M E T R I C D E P T H T O H Y D R O - N A T U R A L R E M A R K S 
C a C 0 3 
C O N T E N T 

W T . S T D . 
A A S H O 

R E S I S T I V I T Y C H A N G E C O N T R A S T I N G L O G I C S O I L 
pH Calcareous 

or Non-
Calcareous 

C a C 0 3 
C O N T E N T 

W T . S T D . 
A A S H O A T 4 F E E T 

( O H M S  
(mean values) 

P V R P V R 
Category Inches 

U N D E R L Y I N G 
M A T E R I A L 

G R O U P D R A I N A G E 

(14)  (16) (17)  (19) (20) (21) (22) (23)  

7.1 Noncalc. 
7.6 Noncalc. 
8.3 Calc. 

Very low 
Very low 
Moderate 

 
 
90-120 

3500 Low 0 84 inches or 
more to sand 

 Good Alluvial soil, 
depth to un
derlying 
materials is 
erratic. 

7.2 Noncalc. 
7.4 Noncalc. 

8.3 Calc. 

Very low 
Very low 

Moderate 

90-120 
90-120 

90-120 

1825 Low 0  inches or 
more to sand 

B Good 
Alluvial soil, 

depth to un
derlying 
materials is 
erratic. 

8.3 Calc. 

8.3 Calc. 
8.3 Calc. 

Moderate 

Moderate 
Moderate 

90-125 

90-120 
90-120 

 Low 0 60 inches or 
more to sand 

B Good Alluvial soil, 
depth to un
derlying 
materials is 
erratic. 

8.3 Calc. 

8.3 Calc. 

8.3 Calc. 

High 

Very high 

Very high 

75-105 

75-105 

85-110 

3400 Low 0.11 24 inches 
to chalk 

B Good  soil with 
altered and 
mixed chalk 
fragments. 

8.3 Calc. 

8.3  

High to 
moderate 

High 

75-105 

80-110 

875 High 1.27 30 to 50 inches 
to  chalk 

B Good None. 

8.3 Calc. 

8.3  

Moderate 
to high 

High 

75-105 

85-110 

875 Moderate 0.69 16 inches to 
chalk 

B Good Shallow soil 
over chalk. 



2 6 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D CHEMICAL 

M A P N A M E O F S O I L D E P T H C L A S S I F I C A T I O N  P A S S I N G S I E V E A G G R E G A T E P E R M E 
S Y M  S O I L OR D E S C R I P T I O N F R O M S T R U C T U R E S A B I L I T Y -
B O L M I S C E L  S U R F A C E Texture Unified A A S H O No. 1 No. 4 No. 10 No. 200 S O I L F I N E S R A T E  

L A N E O U S ( I N C H E S ) U S D A 
Unified 

25.4 4.7 2.0 0.074 
L A N D T Y P E 

U S D A 
mm mm mm mm 

(1) (2) (3) (4) (5) (6) (7) (8) (9)  (11) (12) (13) 

Am, Axtell fine About 8 to 10 0-10 Fine sandy  A-4 100 100 87 89 Single grain 0.6-2.0 
An and very inches of non- loam 

fine sandy calcareous fine 10-20 Hvy. sandy CL-ML A-7 100 100 100 59 Blocky 0.01-0.05 
loams or very fine  

sandy loam, 20-70 Sandy clay CH A-7 100 100 100 54 Blocky 0.05-0.15 
underlain by 
very slowly 
permeable 
heavy sandy 
clay extending 
to 6 feet. 

Ba Bastrop fine About 13 inches 0-13 Fine sandy CL-ML  100 100 100 30 Single grain 0.5-2.0 
sandy loam of noncalcar- loam sandy loam 

eous fine sandy 13-40 Sandy clay CL  100 100 100 43  0.5-1.5 
loam over 27 loam blocky 
inches of 
crumbly sandy 40-120 Loam CL-ML A-6-4 100 100 100 70 Subangular 0.9-2.0 

 loam, with blocky 
loam to 10 
feet. 

 Bastrop very About 10 inches 0-10 Fine sandy ML A-4 100 100 100 70 Single grain 0.5-2.0 
fine sandy of noncalcar- loam 
loam eous very fine 10-15 Loam  A-4 100 100 100 78 Subangular 0.9-2.0 

sandy loam blocky 
over 26 inches 15-36 Clay loam CL A-6 100   85 Subangular 0.2-1.0 
of crumbly fri blocky 
able clay loam, 36-72 Silt loam ML A-6 100 100 100 60 Subangular 0.9-2.0 
with silt loam blocky 
to 10 feet. 72-120 Silt loam ML A-6 100 100 100 60 Subangular 0.9-2.0 

blocky 

Bd Bell clay About 45 feet 0-55 Clay CH A-7-6 100 100 100 82 Blocky 0.05-0.15 Bell clay 
of clay under 55-120 Clay CH A-7-6  100 100 82 Blocky to 0.05-0.15 
lain by clayey structureless 
alluvium to 10 
feet. Slicken-
sides below 16 
inches. 

Bf Bell clay, About 20 inches 0-20  CH A-7-6 100 100 100 82 Blocky  
noncalcar- of noncalcar- 20-55 Clay CH A-7-6 100 100 100 82 Blocky 0.05-0.15 

 var eous clay over 55-120 Clay CH A-7-6 100 100 100 82 Blocky to  
iant calcareous clay structureless O.OS-O.IS 

to 10 feet or 
more. Slicken-
sides below 16 
inches. 

Bh Brazos silt About 20 inches  Silt loam ML A-4 100 100 100 65-80 Wk. granular  
loam of calcareous  Silt loam ML A-4 100   65-80 Wk. granu'ar  

silt loam over 20-50 Loamy very SM A-2 100 100 100  Single grain 2.0-4.5 
stratified loamy fine sand 

100 100 100  Single grain 

very fine sand 
and fine sandy 
loam. 

Bk Brewer clay About 8 inches 0-8 Clay loam CL A-6 100 100 100 65-80 Subangular 0.2-1.0 
loam of noncalcar-

100 100 65-80 

eous clay loam 8-45 Clay CL A-7 100 100 100  Blocky  
over 4.5 feet of 45-60 Clay CL A-7 100  100  Blocky 0.05-0.2 
crumbly clay, 60-85 Clay CL A-7     Blocky 0,05-0 2 
grading to  
clays and sand. 

85-110 Silty clay CL-CL A-7 100 100 100 70-85 Blocky 0.08-0.4 

 Broken  See listings 
Catalpa under Catalpa 
soil clay and Ca
material talpa clay 

loam. 



P R O P E R T I E S OF SOILS, WACO A R E A (Continued) 27 

R E A C T I O N F R E E U N I T D R Y E L E C T R I C A L V O L U M E T R I C D E P T H T O H Y D R O - N A T U R A L R E M A R K S 
C a C 0 3 W T . S T D . R E S I S T I V I T Y C H A N G E C O N T R A S T I N G L O G I C S O I L 

p H Calcareous C O N T E N T A A S H O A T 4 F E E T U N D E R L Y I N G G R O U P D R A I N A G E p H 
or Non- ( O H M S / C u . Cm.) P V R P V R M A T E R I A L 
Calcareous (mean values) Category Inches 

(14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) 

6.3  Very low  1800 Moderate 1.12 70 inches to cal D Fair 
careous clays 

4.8 Noncalc.  low 80-120 
careous clays 

5.6  Very low  

7.0 Noncalc. Very low  2725 Low 0.18 Sands below 10 B Good Very low 
feet 

7.2 Noncalc. Very   

7.7 Noncalc. Low  

7.0 Noncalc.  low 100-125 2750 Low 0.18 Sands below 10 B Good  low 
feet 

7.1 Noncalc. Very low  

7.1 Noncalc. Very low 90-120 

7.8 Noncalc. Very low 95-120 

8.3 Calc. Low 95-120 

8.3 Calc.   900 Very high 2.11 Clays below 10 D Fair Gravel may 
8.3 Calc. High 80-115 feet occur below 

10 feet. 

7.1 Noncalc. Very low  900 Very high 2.11 Clays below 10 D Fair Gravel may 
8.3 Calc. Moderate 80-115 feet occur below 
8.3 Calc. High 80-115 10 feet. 
8.3  High 80-115 

7,4 Noncalc.  low 90-120 3500 Low 0 Sands below 4.5 B Good Mluvial soil. 
8.3 Calc. Low 90-120 feet depth to 
8.3 Calc.  100-125 underlying 

sands is 
erratic. 

7.1 Noncalc. Very low 85-110 1950 Moderate 0.69 Sands below 9 D Fair Very low 
feet 

7.2 Noncalc.  low 75-105 
8.3 Calc. Moderate 75-105 
8.3  Moderate 75-105 
8.3 Calc. Moderate 80-110 



2 8 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D CHEMICAL 

M A P N A M E O F S O I L D E P T H 
S Y M   OR D E S C R I P T I O N F R O M 
B O L M I S C E L  S U R F A C E 

L A N E O U S ( I N C H E S ) 
L A N D T Y P E 

( I N C H E S ) 

(1) (2) (3) (4) 

C L A S S I F I C A T I O N 

Texture Unified A A S H O 
U S D A 

5) (6) (7) 

P E R C E N T A G E P A S S I N G  

No. 1 No. 4 No. 10 No. 200 
25.4 4.7 2.0 0.074 
mm mm mm mm 

(8) (9) (10) (11) 

A G G R E G A T E 
S T R U C T U R E S A B I L I T Y -
S O I L F I N E S 

(12) 

R A T E  

(13) 

Ca, 
Cb, 
Cc 

 
Ce, 
 

 

Cm 

Ea, 
Eb 

Ec 

Ee 

Ha 

Catalpa day, | About 30 inches 0-30 
occasionally of crumbly 
flooded; calcareous clay 30-60 
1-4% over 2.5 feet 
slopes and of crumbly 
frequently  clay or 
flooded light clay. 

Catalpa clay 
loam, 
occasionally 
flooded; 
1-4% 
slopes and 
frequently 
flooded 

Crockett clay 
 
severely 
eroded 

Crockett 
loam 

Eddy grav
 clay 

loam, 4-15 
% and 15-
50% slopes 

Eddy silty 
 

Eufala fine 
sand 

About 60 inches 
of granular 
crumbly calcar
eous clay loam 
grading to 
sands. 

About 6 inches 
of crusty clay 
loam over  
feet of heavy 
noncalcareous 
compact clay 
grading into 
1.5 feet of cal
careous com
pact sandy  

About 6 inches 
of crusty loam 
over 2.5 feet of 
noncalcareous 
compact clay 
grading into 
1.5 feet calcar
eous compact 
sandy clay. 

About 4 inches 
of gravelly 
clay loam over 
chalk, frac
tured to 20 
inches. 

About 10  
of highly cal
careous silty 
clay over chalk. 

About 30 inches 
of loose fine 
sand grading 
into 20 inches 
of loamy fine 
sand over 10 
inches of fri
able sandy clay 
loam  on 
loamy fine sand 
to 7.5 feet. 

 These are in-
 fine j termingled 

sandy loams areas of Hort-
man and Ax-
tell fine sandy 
 
Axtell fine 
sandy loam 
(Am) and 
Hortman fine 
sandv loam 
 

0-60 

0-6 

 
 

0-6 
6-35 

35-50+ 

0-4 

4-30+ 

0-10 
10-30+ 

0-30 
30-50 

50-60 

 

Clay CH A-7-6 

Silty clay CH or CL A-6 

Clay   

Clay loam CH 

Clay CL-CH 
Sandy clay CL-CH 

Loam CH 
Clay CL-CH 
Sandy clay CL-CH 

Gravelly clay CL-SC A-7-6 
, loam 

Chalk 

 clay CL-CH A-7 
Chalk 

 sand SP A-2 
Loamv fine SM A-2 

sand 
 clay SM-SC A-6 

loam 
 fine SM A-2 

sand 

100 100 100 85-100  
blocky 

100 100 100 70-90 

 100 100 

A-6 100 100 95 85 

A-7-6 100 100 95 45-60 
A-7-6 100 100 90 40-55 

Subangular 
blocky 

Subangula 
blocky 

Very fine 
blocky 

Blocky 
Blocky 

A-6 100 100 95 70-85 
A-7-6 100 100 95 45-60 
A-7-6 100 100 90 40-55 

80-95  60-90 50-90 

100 80-95 80-90 50-90 

100 100 95 10-30 
100 100 95 15-40 

100 100 95 10-30 

100 100 95 15-40 

 blocky 
Blocky 
Blocky 

Granular 

Granular 

Single grain 
Single grain 

Subangular 
blocky 

Single grain 

 

 

1.0-1.5 

 

0 01-0.1 
0.05-0.5 

0.9-2.0 
0.01-0.1 
0.05-0.5 

0.8-1.0 

0,8-1.0 

 
2.0-5.0 

0,7-1.5 

2.5-5.0 
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R E A C T I O N F R E E U N I T D R Y E L E C T R I C A L V O L U M E T R I C D E P T H T O H Y D R O - N A T U R A L R E M A R K S 
C a C 0 3 W T . S T D . R E S I S T I V I T Y C H A N G E C O N T R A S T I N G L O G I C S O I L 

p H Calcareous C O N T E N T A A S H O A T 4 F E E T U N D E R L Y I N G G R O U P D R A I N A G E p H 
or Non-  Cm.) P V R P V R M A T E R I A L 
Calcareous (mean values) Category Inches 

(14)  (16) (17)  (19) (20) (21) (22) (23) (24) 

8.3  High  1400 High 1.72 Sands below S B Fair Alluvial soil, 

8.3  
feet depth to 

8.3  High 90-120 underlying 
- materials is 

erratic. 

8.3 Calc. High 90-120 1400 High 1.34 Sands below 5 B Fair Alluvial soil, 
feet depth to 

underlying" 
materials is 
erratic. 

6.S Noncalc. Very low 90-120 1150 Moderate 0.98 Sandy clays be D Good 

 
low 4 feet 

7.3 Noncalc. Low  
low 4 feet 

8.3 Calc. Moderate 80-120 

 Noncalc. Very low 90-120 1150 High  Sandy clays D Good 
7.2 Noncalc. Low  below 4 feet 
8.3 Calc. Moderate 80-120 

below 4 feet 

8.3  Very   3450 Low 0.03 Chalk below D Good 
4 inches 

8.3 Calc. Very high 90-120 3450 Low 0.07 Chalk below D Good 
10 inches 

7.1 Noncalc. Very low 100-125 3000 Low 0 Loamy fine A Good 
6.4 Noncalc. Very low 100-125 sand below 

 
 feet 

 Noncalc. Very low 95-120 
 feet 

6.3 Noncalc. Very low  















 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D CHEMICAL 

M A P N A M E O F S O I L D E P T H C L A S S I F I C A T I O N P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E 
S T R U C T U R E S 
S O I L F I N E S 

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

S Y M 
B O L 

S O I L OR 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

D E S C R I P T I O N F R O M 
S U R F A C E 
( I N C H E S ) 

Texture 
U S D A 

Unified A A S H O No. 1 
25.4 
mm 

No. 4 
4.7 
mm 

No. 10 
2.0 
mm 

No. 200 
0.074 
mm 

A G G R E G A T E 
S T R U C T U R E S 
S O I L F I N E S 

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

( I ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

Hb Hortman fine 
sandy loam 

About 8 inches 
of fine sandy 
loam over 2.25 
feet of com
pact clay grad
ing into com
pact sandy clay. 

0-8 

 
35-60 

Fine sandy 
loam 

Clay 
Sandy clay 

CL-ML 

CH 
CL-CH 

A-4 

A-7-6 
A-7-6 

90-100 

90-100 
90-100 

90-100 

90-100 
90-100 

85 

85 
85 

20-50 

50-60 
45-60 

Single grain 

Blocky 
Blocky 

 

 
0.05-0.5 

 Houston 
Black clay 

About 5 feet 
of slowly per
meable clays 
overlying" clays 
on   

0-35 
35-60 
60-80 

Clay 
Heavy clay 
Clay or 

shaly marl 

CH 
CH 
CH 

A-7-5 
A-7-5 
A-7-5 

100 
100 
100 

95-100 
95-100 
95-100 

95-100 
95-100 
95-100 

80-85 
80-85 
 

Blocky 
Blocky 
Blocky 

0.05-0.15 
0.05-0.15 
0.05-0.15 

Hf Houston 
Black clay, 
moderately 
deep 

About 2 feet 
of slowly per
meable clay 
resting on 
chalk 

0-24 Clay CH A-7-5 100 95-100 95-100 80-85 Blocky 0.05-0.15 

Hg, 
Hk 

Houston clay, 
1-8% slopes 
and 8-15% 
slopes 

About 50 inches 
of slowly per
meable calcar
eous clay grad
ing into marly 
clays. 

0-50 Heavy clay 
Clay 

CH 
CH 

A-7-6 
A-7-6 

100 
100 

95-100 
95-100 

95-100 
95-100 

80-85 
80-85 

Blocky 
Blocky 

0.05-0.15 
0.05-0.15 

 Irving-Axtell 
complex 

These are in
termingled 
areas of Irving 
silt loam and 
Axtell fine 
sandy  
See Axtell fine 
sandy loam 
(Am) and 
Irving silt 
loam ( I f ) . 

 Burleson clay About 40 inches 
of crusty non-
calcareous clay 
over 4 feet of 
calcareous 
heavy clay. 

0-40 
40-75 
75-85 

Clay 
Clay 
Clay 

CH 
CH 
CH 

A-7-6 
A-7-6 
A-7-6 

100 
100 
100 

99 
99 
99 

95-100 
95-100 
95-100 

80-85 
80-85 
80-85 

Blocky 
Blocky 
Blocky 

0.05-0.15 
0.05-0.15 
0.05-0.15 

Id Irving clay 
loam 

About 10 inches 
of crusty clay 
loam over 50 
inches of tough 
noncalcareous 
clay, grades in 
10 inches to 
calcareous clay. 

0-10 
10-60 
60-70+ 

Clay loam 
Clay 
Clay 

CL 
CH 
CH 

A-6 
A-7-6 
A-7-6 

100 
100 
100 

100 
100 
100 

95-100 
95-100 
95-100 

80-85 
50-60 
50-60 

Wk. granular 
Blocky 
 

0.2-1.0 
0.01-0.1 
0.01-0.1 

If Irving silt 
loam 

About 10 inches 
of crusty silt 
loam over 40 
inches of tough 
noncalcareous 
clay, grading 
into calcare
ous clay. 

0-10 
 
50-75 

Silt loam 
Clay 
Clay 

ML-CL 
CH 
CH 

A-4 
A-7-6 
A-7-6 

100 
100 
100 

100 
100 
100 

95-100 
95-100 
95-100 

60-80 
75-90 
75-90 

Wk. granular 
Blocky 
Blocky 

0.5-1.5 
0.01-0.1 
0.01-0.1 

 
complex 

These are in
termingled 
areas of Irving 
silt loam, Ax
tell very fine 
sandy loam and 
Ivanhoe silt 

0-12 
12-18 
18-70 

Silt loam 
Clay loam 
Clay 
Clay 

ML-CL 
CL 
CH 
CH 

A-4 
A-6 

A-7-6 
A-7-6 

100 
100 
100 
100 

100 
100 
100 
100 

95-100 
95-100 
95-100 
95-100 

60-90 
80-85 
75-90 
75-90 

Granular 
Wk. granular 
Blocky 
Blocky 

0.5-1.5 
0.2-1.0 
0.01-0.1 
0.01-0.1 
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R E A C T I O N F R E E U N I T D R Y E L E C T R I C A L V O L U M E T R I C D E P T H T O H Y D R O - N A T U R A L R E M A R K S 
C a C 0 3 W T . S T D . R E S I S T I V I T Y C H A N G E C O N T R A S T I N G L O G I C S O I L 

pH Calcareous C O N T E N T A A S H O A T 4 F E E T U N D E R L Y I N G G R O U P D R A I N A G E 
or N o n - ( O H M S / C u . Cm.) P V R P V R M A T E R I A L 
Calcareous (mean values) Category Inches 

 (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) 

6.7 Noncalc. Very low 100-125 1425 Moderate 0.86 Sandy clays c Good 
and sands 

6.2 Noncalc. Very low 80-115 below  feet 
7.4 Noncalc. Very low  

8.3 Calc. Moderate  825 Very high 2.92 Clays and  D Fair 
8.3 Calc. Moderate 75-105 marls below 
8.3 Calc. Moderate 75-110 6 5 feet 

to high 

8.3 Calc. Moderate 75-105  Moderate 1.14  below D Fair 
2 feet 

8.3 Calc. Moderate 75-105 850 Very high 2.33 Marly clays at D Good 
8.3 Calc. High 80-110 5.5 feet 

7.3 Noncalc. Moderate 75-105  Very high 2.23 Heavy clays at D Fair 
8 3 Calc. High 75-105 

Very high 2.23 
7  

8.3 Calc. High 80-110 

7.2 Noncalc. Low 90-120  Moderate 0.93 Heavy clays at D Fair 
7,4 Noncalc. Moderate 75-105 6 feet 
8.3 Calc. High 80-120 

6 feet 

 Noncalc. Very low 95-120  Moderate 1.20 Heavy clays at D Fair 
7.1 Noncalc. Low 75-105 6 feet 
8.3 Calc. Moderate 80-120 

6.5 Noncalc. Very low 95-120 2250 Moderate 1.20 Heavy clays D Fair 
7.2 Noncalc. Low 90-120 below 7.5 feet 
7.5 Noncalc. Low 75-105 
8.3 Calc. Moderate 80-120 

I 



3 8 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D C H E M I C A L 

M A P 
S Y M 
B O L 

N A M E O F S O I L D E P T H C L A S S I F I C A T I O N P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E P E R M E M A P 
S Y M 
B O L 

SOTL OR 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

D E S C R I P T I O N F R O M 
S U R F A C E 
( I N C H E S ) 

Texture 
U S D A 

Unified A A S H O No. 1 
 
mm 

No. 4 
4.7 
mm 

No.  
2.0 
mm 

No. 200 
0.074 
mm 

S T R U C T U R E S 
S O I L F I N E S 

A B I L I T Y -
R A T E  

 (2) (3) (4)  (6) (7) (8) (9) (10) (11) (12) (13) 

 Ax-
tell very fine 
sandy loam 
(Am") and Irv
ing  loam 
( I f ) . 
Data for Ivan-
hoe silt loam 
 
About 12 inches 
of noncalcare-
ous silt loam 
grading 
through 6 
inches of clay 
loam to  
inches of non-
calcareous clay. 

Ka Kaufman  
loam 

About 48 inches 
of 
ous clay loam 
over loamy al
luvial sedi
ments in level 
flood plains. 

0-48 Clay loam CL A-6 100 100 95-100 55-80 Blocky 0.2-1.0 

Kb  
loam 

About 60 inches 
of noncalcare-
ous loam over 
loamy alluvial 
sediments in 
level flood 
plains. 

0-60 Loam ML-CL A-4 100 100  80-90 Blocky 0.9-2.0 

La  
clay 

About 30 to 70 
inches of mod
erately crumbly 

 grading 
to loamy al
luvial sedi
ments. 

 
 
30-70 

 
Clay 
Clay 

CH 
CH 
CH 

A-7 
A-7 
A-7 

100 
 
 

95-100 
95-100 
85-90 

 
90-100 
70-90 

75-90 
75-90 
75-90 

Blocky 
Blocky 
Blocky 

0.8-1.3 
0.7-1.2 
0.7-1.2 

Ld Lewisville 
clay loam 

About 10 inches 
of friable clay 

 over 1 
foot of friable 
sandy clay 
Trading into 1.5 
feet of crumbly 
calcareous 
clay loam. 

 
 
22-40+ 

Clay loam 
Sandv clay 
Clay loam 

CL 
ML 
CL 

A-6 
A-S 
A-6 

100 
'00 
95-100 

 
 
90-100 

95-100 
 
90-100 

 
 
60-80 

Subangular 
Subangular 
Subangular 

0.2-1.0 
0.05-0.5 
0.2-1.0 

Ma  fine 
sandy loam 

About 18 inches 
of fine sandv 

 over 2 
feet of sandy 
clay  
grading into 
sandy loams 
and stratified 
sands and 
gravels. 

0-18 

18-42 

42-66 
66-80 

Fine sandy 
loam 

Sandy clay 
loam 

Fine sandy 
loam 

Sandy loam 

SM 

SM-SC 

SM 

SM-SC 

A-2 

A-4 

A-2 

A-2 

100 

100 

100 

100 

100 

100 

100 

100 

90-100 

 

90-100 

90-100 

20-50 

 

20-50 

25-50 

Single grain 

Blocky 

Single grain 

Single grain 

0.5-2.0 

0.2-1.0 

0.5-2.0 

0.5-2.0 

Md Miller clay  60 inches 
of calcareous 
clays grading 
to sands and 
silts. 

0-60 Clay CH A-7 100 100 95-100 80-90 Blocky 0.05-0.1 

Na  clay 
loam 

About 7 inches 
of noncalcare-
ous  loam 
over 35 inches 
of noncalcare-
ous clay grad
ing into 
careous c'ays. 

0-7 
 

 
40-72+ 

Clay loam 
Clay 
Clay 
Clay 

CL 
CL-CH 
 
CL 

A-6 
A-7-6 
A-7-6 

A-6 

 
 
100 
95 

100 
100 
100 
95 

 
95-100 
 
90-100 

80-85 
85-90 
85-90 
75-90 

Granular 
Granular 
Blocky 
Blocky 

0.2-2.0 
0.05-0.1 
0 05-0.1 
0.05-0.1 



P R O P E R T I E S OF SOILS, W A C O A R E A (Continued). 39 

R E A C T I O N 

pH Calcareous 
or Non-
Calcareous 

F R E E 
C a C 0 3 
C O N T E N T 

U N I T D R Y 
W T . S T D . 
A A S H O 

E L E C T R I C A L 
R E S I S T I V I T Y 
A T 4 F E E T 

 Cm.) 
(mean values) 

V O L U M E T R I C 
C H A N G E 

P V R P V R 
Category Inches 

D E P T H T O 
C O N T R A S T I N G 
U N D E R L Y I N G 
M A T E R I A L 

H Y D R O -
L O G I C 
G R O U P 

N A T U R A L 
S O I L 
D R A I N A G E 

R E M A R K S 

(14)  (16) (17) (18) (19) (20)  (22) (23) (24) 

7.2 Noncalc. Very low 90-120 875 High 1.48 Stratified loam 
and  
 
below 4 feet 

c Fair Alluvial soil 
depth to 
 
materials is 
erratic. 

7.2 Noncalc. Low 85-120 900 Low 0.48 Stratified loam 
and sandy 
materials 
below  feet 

c Fair 7.2 Noncalc. Low 85-120 900 Low 0.48 Stratified loam 
and sandy 
materials 
below  feet 

c Fair 

8.3 Calc. 
8.3 Calc. 
8.3 Calc. 

Moderate 
High 
High 

75-105 
75-105 
 

900 Very high  Loamy or 
gravelly 
deposits 
at 3 to 6 feet 

c Good 8.3 Calc. 
8.3 Calc. 
8.3 Calc. 

Moderate 
High 
High 

75-105 
75-105 
 

900 Very high  Loamy or 
gravelly 
deposits 
at 3 to 6 feet 

c Good 

8.3 Calc. 
8.3 Calc. 
8.3 Calc. 

High 
High 
High 

85-110 
80-115 
90-120 

528 High 1.60 Gravel or loamy 
deposits 
below 3-5 feet 

B Good 8.3 Calc. 
8.3 Calc. 
8.3 Calc. 

High 
High 
High 

85-110 
80-115 
90-120 

528 High 1.60 Gravel or loamy 
deposits 
below 3-5 feet 

B Good 

6.3 Noncalc. 

5.2 Noncalc. 

Low 

Low 

 

80-120 

2750 Low 0.15 Sand and fine 
gravel at 

 feet 

B Good 6.3 Noncalc. 

5.2 Noncalc. 

Low 

Low 

 

80-120 

2750 Low 0.15 Sand and fine 
gravel at 

 feet 

B Good 

5.1 Noncalc. Low 100-125 

5.4 Noncalc. Low 100-125 

 Calc. Moderate 75-105 716 Very high  Alluvial sands 
below S feet 

D Fair 

7.2 Noncalc. 
7.4 Noncalc. 
7.6 Noncalc. 
8.3  

Low 
Low 
Low 
 

85-110 
 
 
80-115 

1400 High 1.34 Alluvial sands 
and gravel 
be'.ow 6 feet 

C Good 

 
i 

) 



40 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D CHEMICAL 

M A P 
S Y M 
B O L 

N A M E O F S O I L D E P T H C L A S S I F I C A T I O N P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E P E R M E M A P 
S Y M 
B O L 

S O I L OR 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

D E S C R I P T I O N F R O M 
S U R F A C E 
( I N C H E S ) 

Texture 
U S D A 

Unified A A S H O No. 1 
25.4 
mm 

No. 4 
4.7 
mm 

No. 10 
2.0 
mm 

No. 200 
0.074 
mm 

S T R U C T U R E S 
S O I L F I N E S 

A B I L I T Y -
R A T E  

(1) (2) (3) (4)  (6) (7) (8) (9) (10) (11) (12) (13) 

Nb Norge fine 
sandy loam 

About  inches 
of noncalcare-

 fine sandy 
loam over 4 
feet of noncal-
careous sandy 
clay, grading 
into loam. 

0-12 

12-60 
60-100 

 sandy 
loam 

Sandy clay 
Loam 

SM 

ML-CL 
ML 

A-2 

A-4 
A-4 

100 

100 
100 

100 

100 
100 

 

95-100 
95-100 

30-50 

80-90 
85-95 

Single grain 

Blocky 
Weak blocky 

0.5-2.0 

0.05-0.5 
0.9-2.0 

Nc Norwood 
silt loam 

About 70 
inches of cal
careous silt 
loam grading 
into sand}' 
alluvial 
sediments. 

0-70 Silt loam ML A-4 100 100 95-100 65-80 Wk. granular 0.5-1.5 

Nd Norwood 
 clay 

loam 

About SO 
inches of cal
careous  
clay loam 
grading into 
sandy alluvial 
sediments. 

 Silty  loam CL  100 100 95-100 80-90 Wk. granular 0.2-1.2 

Pa  clay About 20 
inches of cal
careous clay 
over 4 feet of 
limestone 
gravel with 
some fines. 

0-20 
20-70 

Clay 
Gravel 

CL 
GW 

A-6 
 

100 
 

100 
45-90 

95-100 
35-80 25-50 

Granular 0.8-1.3 
5.0-8.0 

Pb  
 
clay 

About 10 
nches of cal

careous 
gravelly 

 over beds 
of limestone 
"ravel with a 
few fines. 

0-10 
10-60 

Gravelly  
Gravel 

GC 
GW 

 
A-1 

90-100 60-100 50-100 50-80 Granular 1.5-3.0 

Pc  clay 
loam 

About 8 inches 
of noncalcare-
ous clay loam 
over 3 feet of 
compact non-
calcareous clay, 
grading into 
noncalcareous 
friable clay. 

0-8 
8-45 

 

Clay loam 
Clay 
Clay 

CH-MH 
CH 
CH 

A-6 
A-7 
A-7 

100 
100 
100 

100 
100 
100 

95-100 
95-100 
95-100 

65-80 
65-85 
60-85 

Wk. granular 
Blocky 
Wk. blocky 

0.2-2.0 
0.01-0.05 
 

Pd Pledger clay About S feet 
of calcareous 
heavy clay 
grading to 
sands or other 
stratified 
material. 

0-24 
24-60 

Clay 
Clay 

CH 
CH 

A-7 
A-7 

100 
100 

100 
100 

95-100 
95-100 

80-90 
80-90 

Blocky 
Blocky 

0.05-0.5 
0.01-0.05 

Ra  
 
loams 

Intermingled 
areas of Riesel 

 Axtell 
gravelly loams 

 data for 
Axtell (Am) . 
Data for Riesel 
gravelly loam 
 
About  
inches of non-
calcareous 
gravelly loam 
over 20 inches 
of noncalcare
ous gravelly 
clay, grading 
to calcareous 
compact 
  

0-10 
 
 

Gravelly loam 
Gravelly clay 
Gravelly clay 

GM 
GC 
GC 

A-1 
A-1 
A-1 

100 
100 
100 

90-100 
90-100 
90-100 

50-100 
50-90 
50-90 

20-40 
 
 

Wk. blocky 
Blocky 
Blocky 

1.5-3.0 
0.05-0.15 
 



P R O P E R T I E S OF SOILS, W A C O A R E A (Continued). 

R E A C T I O N F R E E U N I T D R Y E L E C T R I C A L V O L U M E T R I C D E P T H T O H Y D R O - N A T U R A L R E M A R K S 
C a C 0 3 
C O N T E N T 

W T . S T D . R E S I S T I V I T Y 
A T 4 F E E T 
( O H M S / C u . Cm.) 
(mean values) 

C H A N G E C O N T R A S T I N G L O G I C S O I L 
R E M A R K S 

pH Calcareous 
or Non-
Calcareous 

C a C 0 3 
C O N T E N T A A S H O 

R E S I S T I V I T Y 
A T 4 F E E T 
( O H M S / C u . Cm.) 
(mean values) 

P V R P V R 
Category Inches 

U N D E R L Y I N G 
M A T E R I A L 

G R O U P D R A I N A G E 

(14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) 

6.5 Noncalc. Low  1400 High 1.27 Alluvial sands 
 gravel 

below 5 feet 

c Good 

7.0 Noncalc. 
8.3 Calc. 

Low 
Moderate 

 
85-120 

1400 High 1.27 Alluvial sands 
 gravel 

below 5 feet 

c Good 

8.3 Calc. Moderate 95-120  Low 0.02 Sandy loam 
below 6 feet 

B Good  Low 0.02 Sandy loam 
below 6 feet 

B Good 

8.3 Calc. Moderate 90-120 3183 High 1.65 Sandy loam 
below 6 feet 

B Good 8.3 Calc. Moderate 90-120 3183 High 1.65 Sandy loam 
below 6 feet 

B Good 

8.3 Calc. Moderate  3100 Moderate 0.60 Gravel bed at 
20 inches 

B Good Depth to 
gravel ranges 
12 to 30 
inches. 

8.3 Calc. Moderate 115-130 3500 Low 0.20 Gravel at 10 
inches 

B Good Depth to 
gravel ranges 
 to 12 inches. 

6.2 Noncalc. 
7.3 Noncalc. 
8.3 Calc. 

Low  14S0 Low 0.14 Sands at 7 feet 
or more 

D Fair 6.2 Noncalc. 
7.3 Noncalc. 
8.3 Calc. 

Low 
Moderate 

 
75-105 

14S0 Low 0.14 Sands at 7 feet 
or more 

D Fair 

8.3 Calc. 
8.3 Calc. 

Moderate   Very high 2.38 Sands at 6 feet D Fair 8.3 Calc. 
8.3 Calc. 

Moderate   Very high 2.38 
or more 

D Fair 

7.3 Noncalc. 
7.4 Noncalc. 
8.3 Calc. 

Low 
Low 
Moderate 

115-130 1800 Moderate 1.09 Heavy clays at 
5 feet or 
more 

D Fair 7.3 Noncalc. 
7.4 Noncalc. 
8.3 Calc. 

Low 
Low 
Moderate 

100-130 
100-130 

1800 Moderate 1.09 Heavy clays at 
5 feet or 
more 

D Fair 

i 



4 2 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D CHEMICAL 

M A P 
S Y M 
B O L 

(1) 

N A M E O F 
S O I L OR 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

(2) 

S O I L 
D E S C R I P T I O N 

f3) 

D E P T H 
F R O M 
S U R F A C E 
( I N C H E S ) 

(4) 

C L A S S I F I C A T I O N 

Texture Unified A A S H O 
U S D A 

 (6) (7) 

P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E 
 
S O I L F I N E S No. 1 No. 4 No. 10 No. 200 

25.4 4.7 2.0 0.074 
mm m m mm mm 

(8) (9) (10) (11) (12) 

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

(13) 

Rc 

Re 

Rf 

Rg 

 

Se 

 Intermingled 
gravelly areas of Riesel 
clay loams, gravelly clay 
Riesel loam and Irv
gravelly ing gravelly 
clay loam clay  

Data for each 
 
About 10 inches 
of gravelly clay 
loam over 26 
inches of non-
calcareous 
gravelly clay 
grading to cal
careous sandy 
clay. 

Irving About 6 inches 
gravelly of gravelly 
clay loam  loam over 

3 feet of com
pact gravelly 
clay, grading 
into calcareous 
compact clay 
with some 
gravel and 
sand. 

 Mapping unit 
consists of 
stratified and 
mixed shore 
deposits of 

monly flooded. 

Rough brok Mapping unit 
en land includes rough 

areas with out
crops of  
marls and 
sandy clays. 

Rough stony Mapping unit 
land, includes steep 
Brackett and rocky lime
soil ma stone areas 
terial with a thin 

mantle of soil 
over limestone 
and in cracks. 

Sawyer fine About 15 inches 
sandy loam of fine sandy 

loam over 23 
inches of heavy 
sandy clay 
grading into 
sandy clay 
loam. 

 About 27 inches 
loamy fine of loamy fine 
sand sand over a 

foot or more 
of friable sandy 
loams and 
sand. 

0-10 
10-36 

0-6 

6-20 
20-40 
40-60 

 

15-17 

17-40 
40-60 

0-27 

27-40 

 

Gravelly clay CM A-1 
Gravelly clay GC A-7 

loam 
Sandy clay SC A-4 

Gravelly clay 
loam 

Gravelly clay 
Clay 
Clay 

GM A-4 100 60-80 60-80 30-50 

GC 
CH 
CH 

A-1 
A-7-6 
A-7-6 

100 
100 
100 

90-100 
95-100 
95-100 

60-100 
80-90 
80-90 

50-85 
75-90 
 

Mapping unit is too mixed and 
variable for characterization of 
the physical and chemical prop
erties. 

Mapping unit is too variable for 
 of physical and 

chemical properties. 

 unit is largely rock and 
physical and chemical properties 
are not given. 

SM A-4 100 100 

CL A-6 100 100 

CL A-6 100 100 
CL A-6 100 100 

Fine sandy 
loam 

Sandy clay 
loam 

Sandy clay 
Sandy clay 

loam 

Loamy fine SM A-2 
sand 

Sandy clay SC A-4 

Sand or sandy SP A-3 
loam 

100 90-100 70-90 40-75 
100 90-100 60-100 50-85 

100 90 95-100 85-90 

99 20-50 

 45-60 

95-100 80-90 
95-100 45-60 

Granular 
Blocky 

Blocky 

Granular 

Blocky 
Blocky 
Blocky 

Single grain 

Blocky 

Blocky 
Blocky 

95-100 95-100 95-100 15-40 Single grain 

95-100 95-100 95-100  Blocky 

95-100 95-100 95-100 15-40 Single  or 
structureless 

 
1.5-3.0 

0.05-0.15 

1.5-3.0 

1.5-3.0 
0.2-1.0 
0.05-0.15 

0.5-2.0 

0.7-1.5 

 
0.7-1.5 

2.5-5.0 

0.05-0.8 

2.5-5.0 



P R O P E R T I E S O F SOILS, W A C O A R E A (Continued). 4 3 

R E A C T I O N 

p H Calcareous 
or N o n -
 

( 1 4 ) ( 1 5 ) 

F R E E 
C a C 0 3 
C O N T E N T 

 

U N I T D R Y 
W T . S T D . 
A A S H O 

(17) 

E L E C T R I C A L 
R E S I S T I V I T Y 
A T 4 F E E T 
( O H M S / C u . C m . ) 
(mean values) 

(18) 

V O L U M E T R I C 
C H A N G E 

P V R P V R 
Category Inches 

( 1 9 ) ( 2 0 ) 

D E P T H T O 
C O N T R A S T I N G 
U N D E R L Y I N G 
 

( 2 1 ) 

H Y D R O -
L O G I C 
G R O U P 

(22 ) 

N A T U R A L 
S O I L 

D R A I N A G E 

(23) 

R E M A R K S 

(24 ) 

7.3 Noncalc. Very low 120-135 2250 Moderate 1.09 Sandy clay, D Fair 
7.4 Noncalc. Very low 115-130 sand and 

fine gravel 
8.3  Low 80-115 below 4 feet 

7.4 Noncalc. Very low 120-135 2250 Moderate 1.09 Clay and some D Fair Very low 
sand strata 

7.6 Noncalc. Very low 115-130 below 5 feet 
7.8 Noncalc. Very low 85-120 
8.3 Calc. Low 85-120 

6.4 Noncalc. Very low 100-125 1150 Low 0.12 Sandy clay C Fair 
loam and 

5.8 Noncalc.  low 95-120 sandy clay  low 
below  feet 

6.3 Noncalc. Very low 80-120 
6.8 Noncalc. Very low  

6.4 Noncalc. Very low 100-125 3000 Low 0 60 inches to B Good Very low 
sands 

 Noncalc. Very low 80-120 

7.3 Noncalc. Very low 100-125 

I 



 T A B L E 2. E S T I M A T E D P H Y S I C A L A N D C H E M I C A L 

M A P N A M E O F S O I L D E P T H C L A S S I F I C A T I O N P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E 
S T R U C T U R E S 
S O I L F I N E S 

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

S Y M 
B O L 

S O I L O R 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

D E S C R I P T I O N F R O M 
S U R F A C E 
( I N C H E S ) 

Texture 
U S D A 

Unified  No. 1 
25.4 
mm 

No. 4 
4.7 
mm 

No. 10 No. 200 
2.0 0.074 
mm mm 

A G G R E G A T E 
S T R U C T U R E S 
S O I L F I N E S 

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

(1) (2) (3) (4) C5) (6)  (8) (9) (10) (11) (12) (13) 

 Sumter clay About  inches 
of heavy cal
careous clay 
over 3 feet or 
more of  
marl or clay. 

 
 

Heavy clay 
Shaly marl or 

clay 

CH 
CH 

A-7-6 
A-7-6 

100 
100 

9S-100 
 

 
95-100 

 
 

Blocky 
Blocky 

 
 

 Tarrant stony 
clay 

About  inches 
of calcareous 
stony clay 
grading to 12 
inches of inter
mingled lime
stone and soil 
resting on 
limestone bed
rock. 

0-S 
 

12+ 

Stony clay 
Limestone and 

soil 
Bedrock 

CL A-7 9S-100 60-90  40-70 Granular 0.2-1.0 

Tc Travis fine 
sandy loam 

About  inches 
of fine sandy 
loam over 30 
inches of sandy 
clay resting on 
beds of water-
borne gravel. 

 

1S-4S 

Fine sandy 
loam 

Sandy clay 
Gravel 

SM 

CL 

A-4 

A-6 

9S-100 

9S-100 

 

 

 

 

20-50 

 

Single grain 

Blocky 

0.5-2.0 

0.05-0.5 

Te Trinity clay About 4 feet of 
heavy calcare
ous clay over 
clayey, sandy 
or gravelly 
sediments. 

 Clay CH A-7 100   80-90 Blocky 0.05-0.15 

Va Vanoss fine 
sandy loam 

About  inches 
of fine sandy 
loam over 4S 
inches of fri
able sandy clay 
loam grading 
into fine sandy 
loams. 

 

 

60-7S 

 

Fine sandy 
loam 

Sandy clay 
loam 

Fine sandy 
loam 

Fine sandy 
loam 

ML 

 

SM 

SM 

A-4 

A-4 

A-4 

A-4 

100 

100 

100 

100 

100 

100 

100 

100 

99-100 

99-100 

 

95-100 

20-40 

40-60 

20-40 

20-40 

Single grain 

Blocky 

Single grain 

Single grain 

0.5-2.0 

 

0.5-2.0 

 

Vb Vanoss silt 
loam 

About  inches 
of friable silt 
loam over 40 
inches of fri
able  clay 
loam grading 
into calcareous 
friable silt 
loam at SO 
inches. 

0-10 
 

SO-70 

Silt loam 
Silty clay loam 

Silt loam 

ML 
CL 

ML 

A-4 
A-6 

A-4 

100 
100 

100 

100 
100 

100 

98-100 
100 

98-100 

 
80-95 

 

Granular 
Subangular 

or blocky 
Granular 

O.S-2.0 
0.2-1.5 

0.5-2.0 

Wb Wilson  
loam 

About 10 inches 
of noncalcare-
ous clay loam 
over 26 inches 
of heavy non-
calcareous clay, 
grading into 
calcareous 
heavy clay. 

0-10 
10-36 
36-80 

Clay loam 
Heavy clay 
Clay 

CL 
CL-CH 
CL-CH 

A-6 
A-7-6 
A-7-6 

100 
100 
100 

100 
100 
100 

98-100 
98-100 
95-100 

70-90 
 
70-90 

Wk. granular 
Blocky 
Blocky 

0.2-1.0 
0.01-0.1 
0.01-0.1 

Wd 
Houston 
clays 

Intermingled 
areas of Bur-

 and 
Houston clays 

 data on 
Houston clay 

 and 
Burleson clay 
 



P R O P E R T I E S OF SOILS, W A C O A R E A (Continued) 4 5 

R E A C T I O N 

p H Calcareous 
or Non-
Calcareous 

(14) (15) 

F R E E 
C a C 0 3 
C O N T E N T 

( 1 6 ) 

U N I T D R Y 
W T . S T D . 
A A S H O 

(17) 

E L E C T R I C A L 
R E S I S T I V I T Y 
A T 4 F E E T 
( O H M S / C u . Cm.) 
(mean values) 

(18) 

V O L U M E T R I C 
C H A N G E 

P V R P V R 
Category Inches 

(19) (20) 

D E P T H T O 
C O N T R A S T I N G 
U N D E R L Y I N G 
M A T E R I A L 

(21) 

H Y D R O -
L O G I C 
G R O U P 

(22) 

N A T U R A L 
S O I L 

D R A I N A G E 

(23) 

R E M A R K S 

(24) 

8.3 Calc. High 75-105 850 High 1.73  inches to D Good 
8.3 Calc. High 80-110 

High 1.73 
marl or clays 

8.3  Moderate 80-115 1300 Low 0.23 12 inches to D Good Underlying 
limestone bed limestone is 
rock fractured. 

7.1 Noncalc. Very low 100-125 1425 Moderate 1.24 Gravel at 45 c Good 7.1 Noncalc. 
inches 

6.4 Noncalc. Very low 85-120 

8.3 Calc. Moderate 75-105 925 Very high 2.31 Clays, sands or D Fair Alluvial soil, 8.3 Calc. 
gravel at 4 depth and 
feet kind of un

derlying ma
terial is er
ratic. 

7.0 Noncalc. Low   Low 0.02 Sands at 5 feet B Good 

7.2 Noncalc. Low  

7.3 Noncalc. Low 100-125 -

8.3 Calc. Moderate 100-125 

7.1 Noncalc. Low 90-120 2350 Low 0.02 Silt loams and B Good 
7.3 Noncalc. Low 85-115  sedi

ments at 50 
8.3 Calc. Moderate 90-120 inches 

7.2 Noncalc. Very low 80-115 825 High 1.86 Calcareous D Fair 
7.6 Noncalc. Very low 80-110 heavy clays 
8.3 Calc. Moderate 80-110 below 3 feet 



T A B L E 2. E S T I M A T E D P H Y S I C A L A N D CHEMICAL 

M A P N A M E O F S O I L D E P T H C L A S S I F I C A T I O N P E R C E N T A G E P A S S I N G S I E V E A G G R E G A T E 
S T R U C T U R E S 
S O I L F I N E S 

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

B O L 
S O I L OR 
M I S C E L 
L A N E O U S 
L A N D T Y P E 

D E S C R I P T I O N F R O M 
S U R F A C E 
( I N C H E S ) 

Texture 
U S D A 

Unified  No. 1 
25.4 
mm 

No. 4 
4.7 
mm 

No. 10 No. 200 
2.0 0.074 
mm mm 

A G G R E G A T E 
S T R U C T U R E S 
S O I L F I N E S 

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

(1) ( 2 ) (3) (4) (5) (6) (7) (8) (9)  (11) (12) (13) 

We Wilson-
Houston 
complex 

Intermingled 
areas of Wil
son clay loam 
and Houston 
 
Houston  
(Hg) , and 
Wilson clay 
loam ( W B ) . 

Ya  
silt loam 

About 20 inches 
of calcareous 
silt loam over 
30 inches of 
calcareous very 
fine sandy loam 
grading into 
sandy sedi
ments. 

0-20 
20-50-f 

Silt loam 
Very fine 

sandy loam 

ML A-4 
SM-ML A-4 

100 
100 

100 
100 

98-100 70-80 
95-100 50-70 

Granular 
Single grain 

0.5-1.5 
0.5-2.2 

Yb Yahola very 
fine sandy 
loam 

About 20 inches 
of calcareous 
very fine sandy 
loam grading 
into 30 inches 
of very fine 
sandy  
stratified into 
fine sand. 

0-20 

 

Very fine 
sandy loam 

Very fine 
sandy loam 

SM-ML A-4 

SM-ML A-4 

100 

100 

100 

100 

95-100 50-70 

95-100  

Single grain 

Single grain 

0.5-2.5 

O.S-2.5 



P R O P E R T I E S O F SOILS, W A C O A R E A (Continued). 4 7 

R E A C T I O N 

pH Calcareous 
or Non-
Calcareous 

(14) (15) 

F R E E 
C a C 0 3 
C O N T E N T 

(16) 

U N I T D R Y 
W T . S T D . 
A A S H O 

(17) 

E L E C T R I C A L 
R E S I S T I V I T Y 
A T 4 F E E T 
( O H M S / C u . Cm.) 
(mean values) 

(18) 

V O L U M E T R I C 
C H A N G E 

P V R P V R 
Category Inches 

(19) (20) 

D E P T H T O 
C O N T R A S T I N G 
U N D E R L Y I N G 
M A T E R I A L 

(21) 

H Y D R O -
L O G I C 
G R O U P 

(22) 

N A T U R A L 
S O I L 
D R A I N A G E 

(23) 

R E M A R K S 

(24) 

8.3  Moderate 90-120 14,000 Low 0 SO inches to B Good Alluvial soil, 
8.3 Calc. Moderate 90-125 sandy sedi depth to un8.3 Calc. 

ments derlying ma
terial is er
ratic. 

8.3 Calc. Moderate  5000 Low 0 50  to B Good Alluvial soil, 8.3 Calc. 
sandy sedi depth to un

8.3 Calc. Moderate  ments derlying ma8.3 Calc. 
terial is er
ratic. 
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T A B L E 5. A D A P T A B I L I T Y O F SOIL T Y P E S T O V A R I O U S G A R D E N A N D 
Y A R D P L A N T S G R O W N IN M c L E N N A N  

Plant Sandy and Loamy 
 to 

slightly acid with 
moderately to 
slowly permeable 
subsoil 
Map  
Ab, Ac, Ad, Ba, 

 Bk, Hb, Ma, 
Na, Nb, Sd, Va, 
Vb. 

Loamy  
Calcareous limy 
soils with moder
ately permeable 
subsoils 
Map  
Af, Ca, Cb, Cd, 
Ce, Cf, Ld, Nc, 
Nd, Ya, Yb. 

Fine Sandy  
Deep, slightly acid 
soils 
Map  
Ee, Se. 

Loamy and Clayey 
 
with dense subsoils 
Map  
Am, An,  Cm, 

 Id, If,  Pc, 
Ra, Re, Wb, We. 

Calcareous Clay 
 to 

very slow 
permeability 
  
B-1, Bf,  Hf, 
Hg, Hk, La, Md, 
Pa, Pd, Te, Sf. 

Shallow and Very 
Shallow Stony and 
Gravelly  
Calcareous 
to neutral soils 
Map  

 Ea, Eb, Ec, Tb. 

 

Bleeding Heart 

Chrysanthemums 

Dahlias 

Hardy Asters 

Hydrangeas 

Oriental poppy 

Perennial Aster 

Perennial Phlox 

Shasta Daisy 

 
and keep soil in 
good tilth. 

 
and keep soil in 
good tilth. 

 
add organic mat
ter ; water twice 
a week. 

 
prefer shade. 
Fertilize and add 
organic matter. 

 not 
acid enough ; add 
organic matter. 

 
and keep soil in 
good tilth. 

 
for twice a year 

 add or
ganic matter. 

 
and add organic 
matter. 

 
and add organic 
matter. 

 limy 
for best growing 
condition. 

 
may occur if too 
limy, add organic 

 fertilize. 

  
fertilize, add 
organic  
water twice a 
week. 

 limy. 

 too 
limy, plants turn 
yellow. 

 
and keep soil in 
good tilth. 

 
yellows if too 

 fertilize and 
add organic matter. 

 is 
too limy. 

 
and add organic 
matter. 

 
and add organic 
matter. 

 low 
in fertility and 
organic matter. 

 
 add fertilizer, 

organic matter 
and water often. 

 
fertilizer and 
organic matter. 

 not 
acid  add 
organic matter. 

 
 main

tain fertility and 
tilth. 

 
fertility and tilth. 

 
and add organic 
matter. 

 
and add organic 
matter. Water 
 

 
internal drainage. 

 
better internal 
drainage. 

 
drainage re-

 add 
organic matter, 
fertilize and water. 

 
need better internal need better in-

 not 
do well on tight 
clayey soils. 

 
clayey and too 
limy. 

 tight 
and too  
fertilize and add 
organic matter. 

 limy; 

drainage. 

 
drain too  
not acid enough. 

 
fertility and tilth. 

 
and add  
matter. 

 too 
 add 

fertilizer and 
organic matter. 

 
and add organic 
matter. 

ternal drainage. 

 too 
limy, plants turn 

 soils too 
tight. 

 
soil tilth. 

 
yellows if too 

 fertilize and 
add organic matter 

 limy 
and too tight. 

 soil 
in good tilth. 

 
and limy soils not 
suitable. Stoniness. 

 shal
low, limy and 
stony. 

 
too limy and 
stony. 

 limy, 
drouthy or stony. 

 
drouthy, limy 
and/or stony. 

 
or stony. 

 
or too stony. 

 
limy and/or stony. 

 
or too stony. 

 A N D B I E N N I A L S 

Asters  
and add organic 
matter. Keep moist. 

 
turn  if too 
limy. Fertilize and 
add organic 
matter. 

 too 
 condition, 

fertilize and water 
often. 

 are 
 fertilize and 

keep moist. 

 
turn yellow if too 

 fertilize and 
add organic matter. 

 
limy and/or stony. 

Cornflower  
Problems. 

 
problems. 

 
problems. 

 
problems. 

 
problems. 

 
and/or too stony. 

Hollyhocks  
 fertilize. 

 
 fertilize. 

 
 fertilize, 

water often. 

 
often, fertilize. 

  
and too stony. 

Marigolds  not 
limy  
fertilize, add 
organic matter. 

 soil 
in good tilth. 

 
sandy, not alkaline 
enough. 

 
alkaline  
add fertilizer and 
organic matter. 

 soil 
in good tilth. 

 
or too stony. 

 plants and technical assistance by Dr. Cornelia Smith and Dr. Fannie Hurst of Baylor University Biology Department; 
Mrs. E. L. Trice, Author and Plant Authority of Waco,  and C. A. Rechenthin, Soil Conservation Service, Temple, Texas. 
2Refer to  I, I I for distribution of these soils in Waco area. 
3Soils rated as GOOD, with minor limitations; F A I R with one or two   and P O O R with many major limitations. 



60 BAYLOR GEOLOGICAL STUDIES 

T A B L E 5. A D A P T A B I L I T Y OF SOIL T Y P E S TO V A R I O U S G A R D E N A N D 
Y A R D P L A N T S G R O W N I N M c L E N N A N C O U N T Y (Continued). 

Pansies 

Petunias 

Snapdragons 

Stocks 

Sweetpeas 

Zinnias 

 
 fertilize 

including phos
phate ; add organic 
matter. 

 major 
problems. 

 
add organic mat
ter. Water twice 
a week. 

 
add organic mat
ter ; water twice 
a week. 

 
and keep soil in 
good tilth. 

 
problems. 

 
including phos
phate ; add organic 
matter. 

 
major problems. 

 too 
limy; fertilize, 
add organic 
matter; water 
twice a week. 

  
fertilize, add 
organic  
water twice a 
week. 

 soils 
may yellow  
fertilize and main
tain organic matter 

 
problems. 

  
 fertilize 

including phos
phate ; add organic 
matter. 

 
major problems. 

 
add fertilizer and 
organic matter, 
water often. 

 
add fertilizer and 
organic  
water often. 

 
and add organic 
matter. 

 
problems. 

 
 water  

fertilize including 
 add 

organic matter. 

 major 
problems. 

 
drainage re
stricted. 

 
drainage  
add organic  
Fertilize, water 
twice a week. 

 
subsoil restricts 

 fertilize 
and add organic 
matter. 

 
problems. 

 too 
clayey and  
condition soil. 

  
problems. 

 too 
tight, too  
fertilize and add 
organic matter. 

 tight, 
too  fertilize 
and add organic 
matter. 

 soils 
may yellow  
tight clayey soils 
limit root growth. 

 
problems. 

 
or too stony. 

 
and stony. 

 
limy and stony 
soils. 

 
limy and stony 
soils are not 
suitable. 

POOR—Drouthy 
and limy soils are 
not suitable. 

 
stony soil. 

 BULBS, CORMS OR R H Y Z O M E S 

 

Anemone 

Caladiums 

Canna 

Crocus 

D a f f o d i l -
See Hyacinths 

Daylillies 

Gladiolus 

Hyacinth 
Jonquil 
Daffodils 

Iris 

 
See Hyacinth 

 each 
year; need soil 
rich in humus. 

 each 
 add organic 

matter. 

 up 
soil tilth. Water 
regularly. 

 
and water. 

 
 feed every 

year. 

 
neutral soil but 
will adapt to lime. 
Fertilize and 
maintain tilth. 

 
 feed at 

transplanting 
time. 

 
major problem. 

 
and water. 

 
each  need 
soil rich in humus. 

 acid 
enough ; feed each 
year, add organic 
matter. 

 limy 
but plant may 
adapt. Build up 
fertility and tilth. 

 too 
 fertilize and 

water. 

 
 feed every 

year. 

 
more acid soil. 
Fertilize and 
maintain tilth. 

 
 feed at 

transplanting time. 

 in 
soil limits growth. 

 
major problem. 

 
low in organic 
matter and 
fertility. 

 each 
 add organic 

 water 
regularly. 

 up 
fertility and tilth. 
Water regularly. 

 
and water. 

 
 feed every 

year. 

 
droughty. Add 
fertilizer and 
organic matter. 

 
 feed at 

transplanting  
water often. 

 
is biggest prob
lem ; water often. 

 
and add organic 
matter. 

 each 
 add organic 

matter. 

 too 
 feed each 

year; condition 
soil. 

 
internal drainage. 
Build up fertility 
and tilth. 

 
and water. 

 too 
 bulbs may 

 add organic 
matter. 

 
drainage is re
stricted. Fertilize 
and add organic 
matter. 

 
major problem. 
Condition soil. 

 major 
problems. 

 
and water. 

  
condition soil with 
organic matter. 

 too 
limy and too  
feed each  
add organic matter. 

 in
ternal  
too   

 too 
 fertilize and 

water occasionally. 

 
main  
fertilize and add 
organic matter. 

 clayey 
and limy but plant 
will adapt. Con
dition soil and 
fertilize. 

 
is major problem; 
condition soil. 

 in 
soil is major 
problem. 

 major 
problem. 

soils.  
shallow and stony 
soils. 

 too 
drouthy, stony or 
limy. 

 limy 
or stony and 
drouthy. 

POOR—Drouthy, 
limy and stony 
soils not suitable. 

 
stony, nonarable 
soils. 

 
drouthy and limy 
or stony. 

 too 
shallow, drouthy 
or stony. 

 too 
shallow, limy or 
stony. 

 
soils. P O O R -
Very shallow 
soils. 
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O R N A M E N T A L S H R U B S A N D T R E E S 

Abelia  
water occasionally. 

 Elm, 
Arizona Ash 
Eleagonus 

Arbovitae 
Pfitzter Juniper 

Arizona Cypress 
Japanese Black 

Pine 

Azaleas 

Bridal Wreath 

Butterfly Bush 

Camelia 

Cape Jasmine 
Pittosporum 

Crape Myrtle 
Flowering 

 

Dogwood 

 
to all soils in 

 fertilize and 
water regularly. 

 to 
all  fertilize 
and water 
regularly. 

 
and water 
regularly. 

 
ganic  soil 
not acid enough. 

 
to all soils. Main
tain fertility and 
tilth. 

 
and add organic 
matter. 

 
water occasionally. 

 
and water 
regularly. 

 
and water 
regularly. 

 
and water 
regularly. 

 limy, 
chlorosis a 
problem. 

 
fertility and tilth. 

 
 condition 

soil. 

 more  
 build up 

organic matter. 

 
twice a year ; keep 

 in good  
water regularly. 

 
special  
feed at pruning. 

 
twice a year ; add 
organic  
water regularly. 

 
See American 
Elm 

Euonymus 

Flowering Cherry 
and Crabapple 

Flowering 
 
See Crape 
Myrtle 

Flowering Quince 

Forsythia 

 
water occasionally. 

 
and add organic 
matter. 

 
to all soils ; fertil
ize and water 
regularly. 

 
water occasionally. 

 need 
more acid. Add 
organic matter. 

 
 condition 

 fertilize and 
water regularly. 

 at 
pruning. 

 
 condition 

 feed twice a 
 water 

regularly. 

 
water often. 

 
and water often. 

 
and water often. 

 
and water often. 

 
organic  
soil not acid 
enough. 

 

 
and add organic 
matter. 

 more 
 add organic 

matter. 

 
twice a year ; keep 
soil in good con
dition ; water  

 at 
pruning. 

 
twice a  add 
organic  
water often. 

 
water occasionally. 

  
condition soil. 

 
water occasionally. 

 
and water 
regularly. 

 
and water 
regularly. 

 
and water 
regularly. 

 
internal  
not acid enough. 
Crusty soils. 

 
and maintain tilth. 

 rot 
may result from 
poor internal 
drainage. 

 acid 
 poor in

ternal drainage. 
Add organic 
matter. 

 
drainage is re
stricted ; condition 

 water 
regularly. 

 at 
pruning. 

 
drainage re
stricted ; condition 

 feed twice 
a  water 
regularly. 

 
and water 
regularly. 

 
yellows if too 
limy. 

 
and water 
regularly. 

 
water often. 

 
keep soil in good 
tilth. 

  
water often. 

 
water occasionally. 

 
water occasionally. 

 
and water 
occasionally. 

 
and water 
occasionally. 

 
needs acid en
vironment and good 
internal drainage. 

 
fertility and tilth. 

 limy 
and too tight. 

 acid 
 poor in

ternal drainage, 
too clayey. 

 limy 
and too tight. 

 at 
pruning. 

 limy 
and has poor in
ternal drainage. 

 
water occasionally. 

 rot 
susceptible due to 
poor internal 
drainage. 

 
and water 
regularly. 

water occasionally. 

 
water often. 

 
 water 

often. 

 
fertilize and water 
often. 

 
fertilize and water 
often. 

 limy 
drouthy and stony. 

 or 
stony soils. 

 
shallow, stony. 

  
drouthy or stony. 

 limy 
and drouthy. 

F A I R to 
Feed at pruning. 

 are 
too limy, too 
drouthy or too 
stony. 

 
occasionally. 

 limy 
and too tight. 

 
and water 
regularly. 

 
yellows if too 

 water 
occasionally. 

 are 
drouthy. 

 and 
drouthy. 

 
fertilize and water 
often. 

 too 
limy, drouthy 
and stony. 
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Gardenia 

Hibiscus 

Japanese Black 
 
See Arizona 
Cypress 

Japanese 
 axtree 

Japonica 

Jasmine 
(Yellow) 

Live Oak 

Magnolia 

Mimosa 

Mock Orange 

 

Oleander 
 

 plant) 

Pfitzer Jun ipe r -
See Arbovitae 

 
See Cape 
Jasmine 

 

Redbud 

Rose 

Sycamore 

Vitex 

 
twice a year ; add 
organic matter  
water  

 
often and fertilize. 

 
water occasionally. 

 
water occasionally. 

 to 
all  drouth 

 maintain 
fertility and tilth. 

 
to all  

 water 
regularly. 

 
well on all  
water regularly. 

 
water occasionally. 

 
and add organic 
matter. 

 
water occasionally. 

 to 
all soils ; fertilize ; 
water occasionally. 

 
keep soil in good 
condition. 

 
water occasionally. 

 
twice a year ; add 
organic  
water regularly. 

 to 
 fertilize and 

water regularly. 

 
water occasionally. 

 too 
 condition 

soil,  
water regularly. 

 
often and fertilize. 

 
yellows if too 

 fertilize, 
water occasionally. 

 
water occasionally. 

 
fertility and tilth. 

 
water regularly. 

 
moist. 

 
water  

 
 condition 

soil. 

 
water occasionally. 

 
water occasionally. 

 
 condition 

soil. 

 
water occasionally. 

 too 
 condition 

  
water regularly. 

 
water 
regularly. 

 
water occasionally. 

 
twice a year ; add 
organic  
water often. 

 is 
 fertilize 

and water often. 

 
water often. 

 
water often. 

 

 
water often. 

  
often. 

 
water often. 

 
add organic matter. 

 
water often. 

 
water often. 

 
add organic mat
ter ; water 
regularly. 

 
water often. 

 
twice a year ; add 
organic  
water often. 

 
water often. 

 
water often. 

 
drainage re
stricted ; condition 

 fertilize, 
water regularly. 

 
and water often. 

 
water occasionally. 

 
water occasionally. 

 
fertility and tilth. 

 
water regularly. 

 
moist. 

 
water occasionally. 

 rot 
may result from 
poor internal 
drainage. 

 
water occasionally. 

 
water occasionally. 

 
keep soil in good 
condition. 

 
 
fertilize. 

 
water regularly. 

 
 
 

GOOD—Fertilize; 
water occasionally. 

 limy 
and has poor in
ternal drainage. 

GOOD—Fertilize 
and water 
occasionally. 

 
yellows if too 

 water 
occasionally. 

 
occasionally. 

 
fertility and tilth. 

GOOD—Fertilize; 
water occasionally. 

 
occasionally. 

 
occasionally. 

 are 
too limy and too 
tight. 

 
occasionally. 

GOOD—Fertilize; 
water occasionally. 

 limy; 
condition soil. 

 
occasionally. 

 limy 
and susceptible to 
root  condi
tion  add or
ganic  
fertilize and water. 

GOOD—Fertilize 
and water 
occasionally. 

 
occasionally. 

 are 
too  too 
drouthy or too 
stony. 

 
water twice a 
week. 

 too 
 limy and 

stony. 

 
water often. 

F A I R to G O O D -
Maintain fertility 
and tilth. 

GOOD—Fertilize 
and water 
regularly. 

 
water often. 

 arc 
drouthy. 

 are 
too limy, shallow 
and stony. 

 are 
drouthy 

 
water often. 

 limy 
and drouthy. 

 are 
drouthy. 

 are 
too drouthy, limy 
and stony. 

 
 fertilize and 

water often. 

 
water often. 
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F R U I T A N D N U T T R E E S 

Peach 
(Check for 
adapted 
varieties) 

Pecan 

Plums 
(Use adapted 
varieties) 

 
and water 
regularly. 

 
and water once a 
week. 

 
and water 
regularly. 

 
and water 

 

 
and water once 
a week. 

 
and water 
regularly. 

 
and water often. 

 
and water twice a 
week. 

 
and water often. 

 
drainage re
stricted ; fertilize 
and water. 

 
and water once a 
 

 
and water often. 

 
clayey  

 fertilize 
and water. 

 
and water 
occasionally. 

 
fertilize and 
water often. 

 
fertilize and 
water often. 

  ; 
and water jfertilize and 
occasionally.  water often. 

SUMMARY 
1. T h e bas is f o r th i s r e p o r t on u r b a n uses of soil in t he 

G r e a t e r W a c o a r e a is t h e M c L e n n a n C o u n t y Soil 
S u r v e y of M a y  U r b a n i n t e r p r e t a t i o n s h a v e 
been m a d e to m a k e t h a t s u r v e y he lp fu l to t he u r b a n 
c o m m u n i t y . 

2. D e s c r i p t i o n s of t h e soils in t he W a c o a r ea a r e g iven 
in l a y m e n ' s t e r m s . 

3. Speci f ic d a t a f o r each soil a r e g iven in t a b u l a r f o r m , 
p r o v i d i n g t h e bas ic m a t e r i a l f o r t h e t echn ic ian to 
m a k e p r e l i m i n a r y es t ima tes of costs , sui tabi l i ty , a n d 
o the r f a c t o r s re la ted to s t ree ts , sewers , p ipel ines o r 
a n y p r o j e c t i nvo lv ing soils. 

4 . Su i tab i l i ty fo r e n g i n e e r i n g uses is l isted in t a b u l a r 
f o r m f o r each soil. 

5. Soil p r o p e r t i e s wh ich a r e especial ly t r o u b l e s o m e in 

e n g i n e e r i n g a r e l is ted fo r each soil. 
6. O r n a m e n t a l p l an t s a r e eva lua ted in t e r m s of su i t -

 f o r each  g e n e r a l p r inc ip les of soil t r e a t 
m e n t a r e sugges ted . 

7. S m a l l scale i n t e r p r e t i v e m a p s a r e p r o v i d e d which 
s h o w gene ra l sui tabi l i ty of t he soils of t h e G r e a t e r 
W a c o a r ea fo r r o a d s a n d s t ree t s , sept ic fields, f o u n d a 
t ions , co r ro s ion h a z a r d s fo r p ipes a n d s t r u c t u r e s , 
a n d f lood h a z a r d s . 

8. T h e s e i n t e r p r e t a t i v e m a p s a r e i n t e n d e d to s h o w 
b r o a d a r e a s of sui tabi l i ty a n d a r e no t necessar i ly 
a c c u r a t e a t a specific po in t . R e f e r e n c e to t he soil m a p 
a n d the l is ted sui tabi l i t ies fo r t he soil in tab les 2, 
3, 4, a n d 5 will p r o v i d e m u c h m o r e specific in 

f o r m a t i o n . 

REFERENCES 
American Association of State Highway Officials (1955) 

Standard specifications for highway materials and methods 
of sampling and testing: Amer. Assoc. State Highway 
Officials, Ed. 7, vol. 1,  pp.; vol. 2, 514 pp., Washing
ton, D. C. 

CAPPER, LEONARD P . a n d CASSIE, FISHER W . ( 1 9 5 3 ) T h e m e 
chanics of engineering soils: McGraw-Hill, New York, 
N. Y. 

DECKER, R. S. (May, 1955) Soils engineering and soil me
chanics testing training outline: U. S. Dept. of Agricul
ture, Soil Conservation Service, Drainage and Earth 
Testing Section, Albuquerque, New Mexico. 

Federal Housing Administration (November, 1961) Engineering 
soil classification for residential developments: Federal 
Housing Administration, F H A No. 373, Rev., Washing
ton, D. C. 

  F H A soil PVC meter: A tech-
 studies report, Washington, D. C. 

National Association of  Engineers: Publications on 
corrosion and materials protection. 

Portland Cement Association (1962) PCA soil primer: Chicago, 
Illinois,  pp. 

  (April, 1957) Underground corrosion: 
U. S. Dept. of Commerce, National Bureau of Standards, 
Circ.  Washington, D. C. 

 M. G. (1951) Soil engineering: International Text
book Co., Scranton, Penn. 

Texas Highway Department (1962) Test method: Tex-124-E, 
Austin, Texas. 

  W . (1964) Corrosion, Causes and Control 
in Soil handbook for soil survey of metropolitan area, San 
Antonio,  U. S. Department of Agriculture, Soil 
Conservation Service, 193 pp. 

 H. H. cd. (1961) The corrosion handbook: John Wiley 
and Sons, Inc., New York, N. Y. 

U. S. Corps of Engineers (1953) The unified soil classifica
tion  Waterways experiment  Technical 
memorandum 3-357, 3  Vicksburg, Miss. 

U. S. Department of Agriculture (1964) Soil handbook for 
soil survey of metropolitan area, San Antonio,  
Soil Conservation Service, 193 pp. 

 Hydrologic   
 In-service  Soil Conservation Service, 

Lincoln, Nebraska. 

 Soil survey, McLennan County, Texas: 
U. S.  Conservation Service, series 1942, No. 17, 124 pp. 

 Engineering handbook: Soil Conservation 
Service, section 4, hydrologic supplement A. 

 Soil Survey Manual: U. S. Soil Conser
vation Service, agriculture handbook No. 18, Washington, 
D. C. 

U. S. Department of Commerce (not dated) Corrosion of steel 
pilings in soils: National Bureau of Standards, W B S 
Monograph  Washington, D. C. 

 dated) Underground corrosion: National 
Bureau of Standards, Circ. 579, Washington, D.C. 



64 BAYLOR GEOLOGICAL STUDIES 

GLOSSARY 

Most of the following  definitions are  same 
or similar to those in the 1957 Yearbook of Agriculture or the 
Soil Survey Manual, U. S. Department of Agriculture Hand
book No. 18, issued August 1951. A few of the terms are from 

Appendix D of the Federal Housing Administration Handbook. 
The reader is referred to the latter handbook for a more com
plete glossary of soil mechanics terminology and for bibliography 
of terminology. 

 SOIL. Many fine soil particles naturally held in a 
single mass or cluster, such as a block, prism, or granule. 
The terms ped and aggregate are synonymous. 

ALKALINE SOIL. Any soil that is alkaline throughout most or 
all of the parts occupied by plant roots. Precisely, any soil 
horizon having a pH value greater than  practically, a 
soil having a pH above 7.3. 

ALLUVIAL SOILS. Soils developing from transported and rela
tively recently deposited material (alluvium) with little or 
no modification of the original materials by soil-forming 
processes. 

BINDER (soil binder). Portion of soil passing No. 40 U. S. stand
ard sieve. 

BOTTOM LANDS. The flood plains of streams, some of which may 
be flooded only at infrequent intervals. 

CALCAREOUS SOIL. A soil containing enough calcium carbonate, 
often with magnesium carbonate, to  (fizz) when 
treated with dilute hydrochloric acid. 

CALICHE. A broad term for more or less strongly  
accumulations of calcium carbonate in many soils of 
warm-temperate  when near the surface or exposed 
by erosion, the material hardens. 

CAPABILITY CLASS. A rating of soils based on limitations of the 
soils, the risk of damage when they are used, and the way 
they respond to treatment. 

CLAY. (1) As a soil separate or particle size, mineral soil 
particles less than 0.002 millimeter in diameter. (2) As a 
soil textural class, soil material that contains 40 percent or 
more clay as defined under (1), less than 45 percent sand, 

 less than 40 percent silt. (3) In engineering, fine
grained soil particles that are smaller than 0.005 millimeter. 

  compact, slowly permeable, clayey soil horizon 
just below the upper part of the soil. A claypan is com
monly very hard when dry and plastic and  when wet. 

 (coUuvial deposits). Mixed deposits of soil ma
terial and rock fragments near the base of rather steep 
slopes. The deposits have accumulated through soil creep, 
slides, and local wash. 

CONCAVE. Land surfaces curved like the interior of a circle or 
hollow sphere. Concave spots on level land may be dished, 
or swalelike. 

CONCRETIONS. Hard grains, pellets, or nodules from concentra
tions of compounds in the soil that cement the soil grains 
together. They can be of various sizes, shapes, and colors. 
Calcium carbonate or iron oxides, often formed as concentric 
rings about a central particle. 

CONSISTENCE, SOIL. The combination of properties of soil ma
terial that determine its resistance to crushing and its 
ability to be molded or changed in shape. Consistence 
varies with differences in moisture  thus, a soil 
aggregate or clod may be hard when dry and plastic when 
wet. Terras used to describe consistence  
Dry Unit  The weight of soil solids per unit of 
total volume of soil mass. 
Ftnn. When moist, crushes under moderate pressure be
tween  and forefinger, but resistance is distinctly 

 firm soils are likely to be  to till. 
 When moist, crushes easily under moderate pres

sure between thumb and forefinger and coheres when 
pressed together. Friable soils are easily tilled. 
Hard. When dry, is moderately resistant to pressure; can 
be broken in the hands without difficulty but is barely 
breakable between thumb and forefinger. 

 Hard and brittle and little affected by moisten
ing. 
Loose. Noncoherent when moist or dry. Loose soils are 
generally coarse textured and are easily tilled. 

Plastic. When wet, retains an impressed shape but is readily 
deformed by moderate   Plastic 
soils are high in clay and are difficult to till. 

 Weakly coherent and  when dry, breaks to 
powder or individual grains under slight pressure. 
Sticky. When wet, adheres to thumb and forefinger when 

 usually very cohesive when dry. 
CONVEX. Land surfaces that resemble a segment of a sphere 

viewed from the outside. 
FLOOD PLAIN. The nearly flat lands along streams that overflow 

during floods. 
FRIABLE. S e e C o n s i s t e n c e . 

GILGAI MICRORELIEF. This refers to differences in surface 
elevation of about 6 to 12 inches within distances of about 
5 to 10 feet. It is noticeable in virgin areas of Grumusols, 
such as Houston Black clay. The "highs" are called micro-
knolls and the "lows" are often called microdepressions. 

GRAVEL. A soil separate having rounded or angular fragments 
over 2 mm. and as much as 3 inches in diameter. The con
tent of gravel is not used in determining the textural class 
of the soil, but, if the soil contains 20 percent or more 
gravel, the word gravelly is added as a prefix to the 
textural soil name. In engineering, a coarse-grained soil of 
which more than 50 percent is retained on a No. 4 screen. 

GRUMUSOL.  proposed great soil group consisting of mostly 
calcareous clay soils high in montmorillonite, having thick 
sola without textural or other pronounced horizonation, 
and marked by much contraction and cracking" on drying. 
Typified by Houston Black series. 

HORIZON, SOIL. A layer of soil, approximately parallel to the 
land surface, with distinct characteristics produced by the 
soil-forming processes. 

INCLUSIONS. Areas of soil mapped with a different soil because 
they were too small to be mapped  on a map of 
the scale used. 

INFILTRATION. The movement of water into the surface horizon 
of the soil, but not necessarily through the soil. 

LIQUID LIMIT. The water content corresponding to the arbitrary 
limit between the liquid and plastic states of consistency of 
a soil. 

MAPPING UNIT, SOIL. An area of soil or soils enclosed by a 
boundary and identified by a symbol on the soil map. 

MARL. An earthy deposit mainly of calcium carbonate mixed 
with clay and other impurities. It is formed chiefly at the 
margins of fresh water lakes. 

MASSIVE. No observable structure, but material is coherent 
when pressed together. 

MOISTURE CONTENT. The ratio, expressed as a percentage, of 
(1) the weight of water in a given soil mass to (2) the 
weight of the solid particles. 

MORPHOLOGY, SOIL. The constitution of the soil including the 
texture, structure, consistence, color, and other physical, 
chemical, and biological properties of "the various soil 
horizons that make up the soil profile. 

MOTTLED. Soil horizons irregularly marked with spots of  
a common cause of mottling is impeded or imperfect drain
age although there are other causes. 

MUNSELL COLOR   m e t h o d of d e s i g n a t i n g soi l c o l o r 
by a combination of letters and numbers, such as  
Use of the Munsell notation is explained in the Soil Survey 
Manual. 

NONCALCAREOUS. AS used in this report, a soil that does not 
contain enough free lime to effervesce with hydrochloric 
acid. 

PARENT MATERIAL. The unconsolidated mass of rock material 
(or peat) from which the soil profile develops. 
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FED. Individual natural soil aggregate, such as a granule, 
crumb, block, prism, or plate, in contrast to a clod, which is 
brought about by digging or other disturbance. 

PEDOLOGY. The science dealing with the soil as a natural body. 
PERCOLATION. The movement of gravitational water through soil. 

 SOIL. The quality of a soil horizon that enables 
water or air to move through  rate usually is given in 
inches per hour. 

 SOIL. A subdivision of any class in the natural system of 
soil classification, but it is not itself a category of that 
system. When used  a subdivision of a soil  the 
phase is defined and shown on the soil map on the basis of 
all the characteristics of the soil type, but with a narrower 
definition in certain features of importance to soil use than 
are differentiating for the  soil type. Examples of 
phases of soil types are gravelly, stony, slope, or eroded 
phases. 

PLASTIC LIMIT. Water content at which a soil will  begin to 
crumble when rolled into a thread approximately  inch 
in diameter. 

PLASTICITY INDEX. Numerical difference  the liquid 
limit and the plastic limit. 

POORLY GRADED SOILS ( e n g i n e e r i n g ) . C o a r s e - g r a i n e d soi ls w i t h 
soil particles of fairly uniform size. 

PROFILE, SOIL. A vertical section of the soil through all its 
horizons and extending into the substratum. 

REACTION, SOIL. The degree of acidity or alkalinity of the soil 
mass expressed in pH values. 

pH 
Extremely acid   
Very strongly acid  
Strongly acid  
Medium acid  

. Slightly   
Neutral  
Mildly alkaline  
Moderately alkaline  
Strongly  8.5-9.0 
Very strongly  9.1 and higher 

SAND. (1) Individual rock or mineral fragments that have 
diameters ranging from  millimeter (0.002 inch) to 2.0 
millimeters (0.079 inch). Sand grains consist chiefly of 
quartz, but they may be of any mineral composition. (2) The 
textural class name of any soil that contains 85 percent or 
more sand and not more than 10 percent clay. (3) In 
engineering, a coarse-grained  of which more than 
50 percent passes through a No. 4 screen. 

SERIES, SOIL. A group of soils having soil horizons in dif
ferentiating characteristics and arrangement in the  
profile, except for texture of the surface soil, and developed 
from a particular type of parent material. 

SHRINKAGE LIMIT. The maximum water content at which a 
reduction in water content will not cause a decrease in 
volume of the soil mass. 

SILT. (1) Individual mineral particles that range in diameter 
from the maximum size of clay, 0.002  to the 
minimum size of very fine sand, 0.05 millimeter. (2) Soil 
of the textural class called silt contains 80 percent or more 
of silt and less than 12 percent of clay. (3) In engineering, 
fine-grained particles that are larger than 0.005   
diameter and less than 0.074 millimeter in diameter. 

SOLUM. The upper part of a soil profile, above the substratum, 
in which the processes of soil formation are active. The 
solum in mature soils includes the A and B horizons. Usu
ally the characteristics of the material in those horizons 
are quite unlike those of the underlying material. The 

 roots and other plant and animal life characteristic 
of the soil are largely confined to the solum. 

STRUCTURE, SOIL. The arrangement of individual soil particles 
into aggregates with definite shape or pattern. Structure is 
described in terms of class,  and  
Class of structure. Refers to the size of soil aggregates 
(fine, medium, and coarse). 
Grade of structure. The degree of distinctness and durabil
ity of soil aggregates. Grade is expressed as  moder
ate or  Soil that is structureless, or that has no 
visible structure is termed  if coherent or single 

 if noncoherent. 
Type of structure. Shape and arrangement of the aggregates. 

 angular. Aggregates are block  they have 
flat or rounded surfaces that join at sharp angles. 
Blocky, subangular. Aggregates have some rounded and 
some plane  vertices are rounded. 
Columnar. Aggregates are prismatic and are rounded at 
the upper ends. 
Crumb. Generally soft, small, porous aggregates, irregular, 
but tending toward a spherical shape, as in the  horizon 
of many soils. Crumb structure is closely related to granular 
structure. 
Granular. Roughly spherical or rounded, firm, small peds 
that may be either hard or soft but that are usually more 
firm than crumb and without the distinct faces of blocky 
peds. 

 Soil particles arranged around a plane that normally 
is horizontal. 
Prismatic. Soil particles arranged around a vertical  
aggregates have fairly flat vertical surfaces. 

SUBSOIL. The B horizon of soils that have distinct profiles. 
In soils that have weak profile development, the soil below 
the plow layer (or its equivalent of the surface soil layer) 
in which roots normally grow. In many soils the subsoil 
is the zone of maximum clay accumulation. In soils with 
little genetic development, such as Regosols or Alluvial 
soils, the subsoil is a layer similar to the plow layer in 
appearance, but generally is lighter in color. 

SUBSTRATUM. Any layer lying beneath the solum, or true soil. 
SURFACE SOIL. The soil ordinarily moved in tillage, or its 

equivalent in uncultivated soil, about  to 8 inches in 
thickness. 

TEXTURE, SOIL. The relative proportions of sand, silt, and clay 
in the soil. (See Sand; Silt; Clay.) 

ToPSOTL (engineering). Soil material containing organic matter 
and suitable as a surfacing for shoulders or slopes. 

TYPE. SOIL. Soils that are similar in kind, thickness, and arrange
ment of soil layers and that have the same texture in the 
surface layers are classified as one soil type. 

WATER TABLE. The upper surface of a zone of saturation in the 
soil or substratum. 

WATER-HOLDING CAPACITY. T h e c a p a c i t v ( o r a b i l i t y ) of a soil 
to hold water, often expressed in inches of water per foot 
depth of soil. 

WELL-GRADED SOILS. Coarse-grained soils that vary widely in 
size of particles. 



INDEX 

acidity (pH) , 22, 25, 27, 29, 37, 39, 41, 
43, 45, 47 

aggregate structure soil fines. 22, 24, 26, 
28, 36, 38, 40, 42, 44, 46 

Alluvial soils,  8, 9, 24, 
48, 54 

Asa silt loam, 8, 9, 24, 48,  
Asa  clay loam, 8, 9, 24, 48, 54 
Asa very fine sandy loam, 8, 9, 24, 48,  
Austin-Eddy gravelly clay loams, 8, 9, 24, 

48, 54 
Austin gravelly clay loam, 24, 48, 54 
Austin silty clay, 8, 9, 24, 48, 54 
Austin silty clay, shallow variant, 9, 24, 

48,  
 fine sandy loam, 9,  23, 26, 

48,  
Axtell gravelly loam, 18, 57 
Axtell very fine sandv loam, 9, 10, 26, 

48, 54 

base material, 23, 48-53 
Bastrop fine sandy loam, 9, 10, 26, 48, 54 
Bastrop very fine sandv loam. 9, 10, 26, 

48, 54 
Bell  9, 10, 26, 49, 54 
Bell clay, noncalcareous variant, 9, 11, 

26, 49,  
Bennett, A. C,, 23 
Brazos River, 8, 18 

bottoms, 8, 16, 17, 21 
flood plain, 10, 11 
terraces, 11 

Brazos silt loam, 9, 11, 26, 49,  
Brewer clay loam, 9, 11, 26, 49,  
Broken land, Catalpa soil material, 9, 11, 

26, 49, 55 
building placement, 54-58 
Burleson  9, 15, 20, 36, 50, 56 
Burleson-Houston clays, 9, 20, 44, 53, 58 

cables, buried,  
calcareous or noncalcareous, 25, 27, 29, 37, 

39, 41, 43, 45, 47 
calcium carbonate  free. 22,  27, 

29, 37, 39, 41, 43, 45, 47 
Catalpa clay, frequentlv flooded, 9, 12,  

49,  
Catalpa clay, occasionally flooded, 9, 11, 

28. 49, 55 
Catalpa clay, 1-4% slopes, 9, 11. 28, 49,  
Catalpa clay loam, frequently flooded, 9, 

12, 28, 49, 55 
Catalpa clay loam, occasionally flooded, 

9, 12, 28, 49,  
Catalpa clay loam, 1-4% slopes, 9, 12, 

28, 49, 55 
classification, soil, 21, 24, 26, 28, 36, 38, 

40, 42, 44, 46 
corrosion potential, 22 
Crockett clay loam, severely eroded, 9, 

12, 28, 49, 55 
Crockett loam, 9, 12, 28, 49,  
curbs, 54-58 

Daugherty series, 16 
depth from surface, 24, 26, 28, 36, 38, 

40, 42, 44, 46 
depth to contrasting underlying material, 

21, 25, 27, 29, 37, 39,  43,  47 
drainage, 22, 23, 25, 27, 29, 37, 39, 41, 

43, 47 
driveways, 54-58 

earthen structures and fills, 23, 48-53 
Eddy gravelly clay loam, 4-15% slopes, 

9, 13, 28, 49,  
Eddy gravelly clay loam,   

39, 41, 43, 45, 47 
Eddy silty clay, 8-15% slopes, 9, 13, 28, 

49,  
electrical resistivity, 22, 25, 27, 29, 37, 

39, 41, 43, 45, 47 
Eufaula fine sand, 9, 13, 28, 49, 55 
excavation hazards, 54-58 

fill material ratings, 23, 48-53 
flowers, perennial, 59 

annuals and biennials, 59, 60 
bulbs, corms or rhyzomes, 60 

foundations,  
foundations for low buildings, 23, 48-53 
free  content, 22, 25, 27, 29, 37, 

39, 41, 43, 45, 47 
Frio series,  12 

herbaceous plants, 23 
 fine sandy loams, 9, 13, 

28, 49,  
Hortman fine sandy loam, 9, 13, 36, 50,  
Houston Black clay, 9, 13, 36, 50,  
Houston Black clay, moderately deep 

variant, 9, 14, 36, 50, 55 
Houston Black  terrace,  
Houston clay, 1-8% slopes, 9, 14, 20, 21, 

36, 50,  
Houston clay,  slopes, 9, 14, 20, 

36, 50, 55 
Hunt series,  
Hurst, F., 59 
hydrologic group, 22, 25, 27, 29, 37, 39, 

41, 43,  47 

Irving-Axtell complex, 9, 15, 36, 50, 56 
Irving clay loam, 9, 15, 36, 50, 56 
Irving gravelly clay loam, 18, 42,  57 
Irving silt loam, 9,  36, 50, 56 
Ivanhoe-Irving-Axtell complex, 9,  36, 

 56 
Ivanhoe silt loam, 15,   

Kaufman clay loam, 9, 16, 38,   
Kaufman loam, 9, 16, 38,  56 

land shaping,  
 clay, 9, 16, 38, 51,  
 clay loam, 9, 16, 38, 51, 56 

McLennan County Soil Survey, S, 6, 8, 22 
 fine sandy loam, 9, 16, 38, 51,  

Miller clay, 9, 16, 38,  56 

natural soil drainage, 22, 23, 2S, 27, 29 
37, 39, 41, 43, 47 

Norge clay loam, 9, 16, 38,  56 
Norge fine sandy loam, 9, 17, 40,   
Norwood silt loam, 9, 17, 40, 51, 57 
Norwood silty clay loam, 9, 17, 40, 51,  

patios, 54-58 
Patrick clay, 9, 17, 40, 51,  
Patrick gravelly clay, 9, 17, 40,  57 
Payne clay loam, 9, 17, 40,   

percentage passing sieve, 22, 24, 26, 28, 36, 
38, 40, 42, 44, 46 

permeability rate, 24, 26,  36, 38, 40, 
42, 44, 46 

pipes, buried,  
Pledger clay, 9, 18, 40, 51, 57 
ponds, 23,  
post oak land, 9 
potential vertical rise, 22,   29, 37, 

39, 41, 43,  47 

reaction,  27, 29, 37, 39, 41, 43, 45, 47 
Rechenthin, C. A.,  
reservoirs, 23, 48-S3 
Riesel-Axtell gravellv loams, 9, 18, 40, 

 57 
Riesel gravelly clay loams, 18, 42,  57 
Riesel gravelly  18, 51 

 gravelly clay loams, 18, 42, 
 57 

Riesel-Irving gravelly loams, 9 
Riverwash, 9, 18, 42,  57 
road construction, soils, 23, 48-53 
Rough broken land, 9, 18, 42, 52,  
Rough stony  Brackett soil material, 

9, 18, 42,  S7 

San Antonio, 22 
Sawyer fine sandy loam, 9, 18, 42,   
septic systems, 23, 48-53, 54-58 
shrubs, 61-63 
Smith, C , 59 
soil classification, 21 
Soil Conservation Service, 5, 6, 8, 22 
soil particle size, 14, 21 

 profile, 6, 10 
soil-separate size limits, 14 
soil texture, 19, 21 
soil types, 6 
Stephen series, 9 
Stidham loamy fine sand, 9, 19, 42, 52, 57 
Sumter clay, 9, 19, 44, 52,  

Tarrant stonv clay, 9, 19, 44, 52, 57 
terraces, 10, 11, 15, 16, 17 
Texas A&M University, 6, 8 
Texas Highway Department, 22 
Tipps, C. W., 22 
topsoil ratings, 23, 48-53 
Travis fine sandy loam, 9, 19,  52, 58 
trees, 61-63 
Trice, Mrs. E.  59 
Trinity clay, 9, 20, 44, 52, 58 

underground structures,  
unit dry wt. std. AASHO, 22, 25, 27, 29, 

37, 39, 41, 43, 45, 47 

Vanoss fine sandy loam, 9, 20, 44,  58 
Vanoss silt loam, 9, 20, 44, 52, 58 

water storage, 23, 48-53 
Whitney dam, 8 
Wilson clay loam, 9, 15, 20, 21, 44, 52, 58 
Wilson-Houston complex, 9, 20, 46, 53,  
Wilson silt loam,  
woody plants, 23 

Yahola silt loam, 9, 21, 46, 53, 58 
Yahola very fine sandy loam, 9, 21, 46, 

 58 



BAYLOR GEOLOGICAL 
  

Baylor Geological Society 

101. Type electric log of McLennan County. 1"-100'; 
$2.00. 

102. Reptile  of flying and swimming rep
tiles. $0.10 each. Comparison of the dinosaurs. $0.10 each. 

103. Guide to the mid-Cretaceous geology of central Texas, 
May,   per copy. 

104. Location map of logged wells in McLennan County, 1959. 
l"-lmile, $7.50 per copy. 

105. Layman's guide to the geology of central Texas, 1959. 
Out of print. 

106. Collector's guide to the geology of central Texas,  
Out of print. 

107. One hundred million years in McLennan County, 1960. 
Out of print. 

108. Cretaceous stratigraphy of the Grand and Black Prairies, 
1960.  per copy, 

109. Popular geology of central Texas, west central McLennan 
County, 1960. Out of print. 

110. Popular geology of central Texas, Bosque County, 1961. 
$1.00 per copy. Out of print. 

111. Popular geology of central Texas, northwestern McLennan 
County, 1961. $1.00 per copy. Out of print. 

112. Popular geology of central Texas, southwestern McLennan 
County and eastern Coryell County, 1962. $1.00 per copy. 
Out of print. 

 Upper Cretaceous and Lower Tertiary rocks in east central 
Texas, Fred B. Smith, Leader, 1962. $1.00 per copy. 

114. Precambrian igneous rocks of the Wichita Mountains, 
Oklahoma, Walter T. Huang, Leader, 1962. $1.00 per 
copy. Out of print. 

115. Why teach geology? A discussion of the importance and 
cost of teaching geology in high schools, junior colleges 
and smaller 4-year institutions. Free upon request. 27pp. 
(1961). 

 Popular geology of central Texas: The hill  
McLennan, Coryell and Bosque counties, 1963. $1.00 per 
copy. 

117. Shale environments of the mid-Cretaceous  Central 
 field guide.  A. O., Johnson, 

C. F., and Silver, B. A., 1964. $2.00 per copy. 

118. Geology and the City of  guide to urban prob
lems, 1964. $2.00 per copy. 

Baylor Geological Studies 

1. Holloway, Harold D. (1961) The Lower Cretaceous 
Trinity aquifers, McLennan County, Texas: Baylor Geo
logical Studies Bull. No. 1 (Fall). $1.00 per copy. Out 
of print. 

2.  William A. (1962) The Lower Cretaceous Paluxy 
Sand in central  Baylor Geological Studies Bull. 
No. 2 (Spring). $1.00 per copy. 

3. Henningsen,  Robert (1962) Water diagenesis in Lower 
Cretaceous Trinity  of central  Baylor 
Geological Studies Bull. No. 3 (Fall). $1.00 per copy. 

4. Silver, Burr A. (1963) The  Member, Lake 
Waco Formation (Upper Cretaceous), central  
lagoonal  Baylor Geological Studies Bull, No. 4 
(Spring). $1.00 per copy. 

5. Brown, Johnnie B. (1963) The  of geology in a 
unified conservation  Flat Top Ranch, Bosque 
County,  Baylor Geological Studies Bull. No. 5 
(Fall). $1.00 per copy. 

6. Beall, Arthur O., Jr. (1964) Stratigraphy of the Taylor 
Formation (Upper Cretaceous), east-central T e x a s : 
Baylor Geological Studies  No. 6 (Spring). $1.00 
per copy. 

7. Spencer, Jean M. (1964) Geologic factors controlling 
mutation and   Baylor Geological 
Studies Bull. No. 7 (Fall). $1.00 per copy. 

Urban geology of Greater Waco. A series on urban 
geology in cooperation with Cooper Foundation of 
Waco. 

8. Part I: Geology  Geology and urban development 
by Peter T.  Geology of Waco by J. M. Burket: 
Baylor Geological Studies Bull. No. 8 (Spring). $1.00. 

9. Part II: Soils  Soils and urban development of 
Waco by W. R.  Baylor Geological Studies Bull. 
No. 9 (Fall). $1.00. 

 available from Baylor Geological Society or 
Baylor Geological Studies, Baylor University, Waco, Texas. 
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