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INTRODUCTION 

Soil is the oldest and probably the most used of engineering 

materials. All engineering structures are built of, through, or 

are ultimately supported by earth materials, usually soil. The 

extent to which any civil engineering work renders the service 

intended depends largely upon the physical properties on which, 

or of which, it is constructed. 

Because of this, soil exploration, sampling, classification, 

characterization, and mapping have become basic operations which 

are necessary in all engineering work involving soils. To aid 

the engineer in this highly important phase of construction in- 

vestigation, some modern county soil survey reports of the Nation- 

al Cooperative Soil purvey now contain sections containing soil 

engineering laboratory data and interpretations of agricultural 

data applicable to engineering. To date, 40 such reports from 23 

states containing engineering soils sections have been published. 

This study was begun to accomplish four aims: (1) to accumu- 

late soil engineering data for several established and tentative 

soil series, (2) to compare these data with those from other lo- 

cations in order to evaluate the soil series as a basic unit for 

predicting and reporting soil engineering data, (3) to initiate 

inclusion of an engineering soils section in future Kansas county 

soil survey reports, and (4) to serve as a guide in the interpre- 

tation of agricultural soil surveys for engineering uses. 

It is hoped that laboratory data, estimation of properties 

and behavior, description of each soil, and information regarding 
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climate, geology and geography, will enable an engineer to make 

sound decisions or recommendations on routine soil engineering 

problems with a minimum of field work for Logan County, Kansas. 

LITERATURL RFNIEW 

General 

The classification of the soil long has been an activity of 

man. The earliest attempt to classify soil was the work of the 

engineer Yu during the reign of the Emperor Yao about 4,000 

years ago (53). 

Very early recognition of soil differences served local and 

very limited purposes and, while scientifically valid because they 

dealt with true soil differences, were incomplete. 

of classification were based upon features lying outside the soil 

itself or only partly on the soil characteristics. These systems 

were based upon geology, physiography, plant ecology, agricultural 

capabilities, or combinations of these. 

About 1870 a new school of soil science was founded in :Russia 

by Dokuchaiev. This school recognized soil as an independent nat- 

ural body, each soil having a unique morphology reflecting the in- 

fluences of the variables of veetation, climate, topography* 

parent material, and age. This new concept led to a system of 

classification in harmony with a given soil's morphology and gene- 

sis, and is the basis of the National Cooperative Soil Survey in 

the United States. 

The main purpose of soil classification and survey, like 

that of any other research, is to make predictions. In itself, 
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the random study of soil morphology and behavior does not consti- 

tute soil research. The knowledge cained from this study has 

little prediction value until the characteristics of the soils 

are cataloged by a system of classification. This classification 

system, coupled with a soil map, is the basis for reporting the 

results of research and experience for the soils of a given area. 

According to Kellogg (37), soil classification is essential 

for synthesis and coordination of the results of the method of 

experimental research and the method of scientific correlation. 

A system of soil classification is essential for remember- 

ing characteristics, understanding relationships, and developing 

principles applicable to the whole broad field of soil science. 

Basic soil classification must delineate kinds of soils suffic- 

iently uniform in their characteristics that one may reasonably 

expect about the same results from a given use or treatment. It 

is essential to have soil maps produced when such a classification 

system is applied to the soils of a given area. With the soil 

units mapped accurately and named according to a standard system, 

predictions developed through research are available for appli- 

cation. 

According to Aandahl (1) the purpose of soil survey inter- 

pretation is to provide people with the best possible information 

about every acre of soil in a form that is most useful to them. 

All such interpretations are intended to furnish a better basis 

for making choices among alternatives in the use and management 

of soils. It is essential to have some understanding of the ob- 

jectives for which the soils are to be used before attempting 



soil survey interpretations. 

Aandahl (1) further stated that the function of soil survey 

interpretation for engineering use is one of providing accurate, 

complete information on soil character and behavior as an adequate 

and reliable basis of design and construction and the alternatives 

possible in using them as construction materials or for foundations. 

Stokstad and humbert (51) also have said that civil engineers 

must have information concerning the environment of the construc- 

tion site in question. Since soil types are the product of en- 

vironmental forces acting on a parent material, they serve to 

reflect environmental information with respect to climate, natural 

vegetation, topographic and geographic position, internal and ex- 

ternal drainage, and other features. 

Engineers are vitally interested in soils information, both 

factual and interpretative, for soil is the oldest and most used 

of engineering construction materials. Even before the term 

"engineer" was coined, it had become necessary for the builder to 

take at least some visual note of the soil on, of which, or through 

which he intended to build, 

Early engineering soil investigations consisted of sampling 

soil from holes drilled at specified intervals along the center 

line of a highway or airfield, with no soil identification or 

classification attempted until the samples had been subjected to 

laboratory testing. 

Many engineers now have come to recognize the short-comings 

of soil survey techniques limiLd to hole drilling and laboratory 
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testing. This method of survey results in rather complete in- 

formation at the point of collection but gives no information re- 

garding the areal etent of such test information, and very little 

information regarding the environment at the point of sampling; 

the data have no prediction value. 

Within the past 35 years the science of pedology has been 

recognized as an important source of information in the study of 

the engineering uses of soils. Pedology has become important 

enough in civil engineering that some universities now include a 

course in a new field called engineering pedology in addition to 

traditional soil mechanics courses. 

As early as 1924, hose (46) postulated that much of the 

routine testing of soil could be eliminated once a range of en- 

gineering values for a given soil, shown on survey maps, had been 

established, 

The Michigan State Highway Department was the first major 

engineering establishment to make use of agricultural soil survey 

(39). In 1925 it began a state-wide study of pavement behavior, 

the findings of which were correlated with soils identified 

through soil survey. Two years later (1927) the pedological 

method was adopted in Michigan for use in making soil surveys 

and for design of highways. This involved not only field classi- 

fication of soil profiles but also such occasional sampling and 

laboratory testing as was necessary to supplement field studies 

by producing information needed reisarding soil properties. 

Wright (54) has reported ht in 1935 both the American 

Associatin of State highway officials and the American Society 
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for Testing Materials recommended the pedologic method and agri- 

cultural soil surveys as a highway soil survey. Olmstead (29) 

reported in 1946 that nine states were using, and 28 states con- 

templated the use of pedological maps and methods of soil survey 

to locate construction materials or to plan and organize soil 

investigations. Ten years later (1958) a post card survey by 

Wright (54) indicated that the highway department of 41 states 

then used or expected to use agricultural soil surveys in the 

future. 

Stokstad (50) has said that soil science can make two very 

important contributions to the renerfal field of soil surveys for 

engineering use; first by providing good techniques for the field 

examination of the soil profile and by providing a well-developed 

descriptive legend of soil types including a detailed profile 

description. He has further stated that the pedologists' best 

contribution to the civil engineers' soil classification problem 

is made when the former stays completely objective and devotes 

himself to the characteristics and properties of the soils under 

study. 

Burmister (18) has suggested that there are two steps in 

the complete engineering classification of any given soil. First, 

the soil must be identified. To identify soil is to recognize 

and to establish the identity and individuality of soils as to 

composition and inherent character. 

Identification refers not only to the physical techniques 

of accurately identifying, soils but also to a written 

report of the individual morphology of the profiles encountered 
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and a written description pertainina: to such items as unusual 

inclusions in a characteristics of the soil (sand lenses, mottling, 

etc.), topography, typical native veetation, relation to physio- 

graphic site, and other features. Identification should be quanti- 

tative, disclosing and describinz those inherent characteristics 

of soils that may dominate and be responsible for the actual be- 

havior under a Fiven set of conditions. Next the soils are classi- 

fied. To classify soils is to place or arrange them into classes 

according to a limited number of common qualitive and behavior 

characteristics of erOneering importance. 

Burmister (18) stressed that identification is factual in- 

formation obtained as a result of observed or experimentally de- 

termined facts, Engineering classification is a rating of soils, 

largely interpretative because it is an inference of expected be- 

havior deduced by interpretation of factual information. 

Then a soil is designated by its classification alone, it 

loses its identity and individuality and the real soil character 

can be very roughly known at best, ''aigineering classification is 

a broad generalization, not capable of providing sufficiently 

adequate, accurate, and complete factual and interpretative in- 

formation regarding the relative dominance of the fundamental be- 

havior characteristics of soils. 

According, to the Soil Conservation Service (49) at least 

eight uses may be made of factual and interpretative engineering 

and agricultural soil information as contained in a soil survey 

report: 

1, For making reconnaissance surveys to allow selection of 



sites for engineering structures and to aid in planning 

detailed soil surveys. 

2. To make soil and land use studies that will aid in the 

selection and development of industrial, commercial, 

residential, and recreation sites. 

3. To make preliminary estimytos of runoff and erosion rates 

for use in designing drainaT.7e structures and in designing 

darns and other soil and. water conservation structures. 

4, To locate deposits of sand and cravel, borrow areas, rock 

for crushing, building stone, and to select the best top- 

soil to use as topdressing for lawns and road embankments. 

5. To determine the suitability of soil units for cross- 

country movements of vehicles and to determine construc- 

tion equipment needed and the demands to be placed upon 

it. 

6. To correlate performance of enEineering structure with 

soil mapping units and to develop information that will 

be useful in designing, constructing, and maintaining 

subsequent structures. 

7. To supplement information obtained from other maps, 

reports and aerial photorraphs and for the making of 

soil maps and reports for engineering soil surveys. 

8. To furnish information concerning the hazards or useful 

properties of various soils when used for earth con- 

struction, when definite laboratory data are lacking or 

not available, 
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Engineering Classification ',:rstems 

General. Many schemes for classifying soils into engineer- 

ing use groups have been proposed but only two are in common 

use; the Unified Classification 6ystem and the American Assoc. 

iation of State highway Officials System, hereafter referred to 

as AASHO system. Both engineering classifications are based 

upon three soil properties: (1) particle size analysis, (2) 

liquid limit, and (3) plastic index. 

The particle size analysis of a soil is accomplished by 

soaking a known weight of a sa,tiple in water then washing all the 

"fines" through a U. S. Standard Number 200 sieve. The material 

passing this sieve is4:.074 mm in diameter and, according to 

pedological definitions of size limits, includes all of the silt 

and clay factors as well as about half of the very fine sand 

fraction. To complete the size analysis, a Bouyoucos hydrometer 

test may be made upon the whole soil, upon the soil passing the 

No. 40-inch sieve, or upon the material washed through the No. 

200-inch sieve. 

The liquid limit is determined on the "soil mortar", that 

material passing the No. 40-inch sieve, or4(,420 mm in diameter. 

Liquid limit is defined (44) as that water content, expressed 

as a percentage of the dry weight of the soil, at which the soil 

mass just b:.:gins to become fluid under the influence of a series 

of standard shocks using an Atterberg apparatus. 

The plastic limit is determined upon the same soil material 

as used previously. Plastic limit is defined (44) as that water 
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content, expressed as a percentace of the Lary weight of soil, 

at which the soil mass ceases to be plastic and becomes brittle, 

as determined by a procedure for rollin, the soil mass into 

threads one-eihth inch in diameter until it just breaks apart. 

The plastic index is the difference tetween the liquid and 

plastic limits and represents .bee ranee of moisture within which 

the soil is plastic. A small charve in moisture content, such as 

5, will chanc;e the soil from a semi-solid to a liquid condition. 

A large plastic index, such as 25, shows that considerable water 

can be added to the soil before it chang e from a semi-solid to 

a liquid, 

American Association of 'State :iighway Officials System. 

According to Casagrande (19) the AAZEO classification system has 

been adapted from a system originally developed in 1027 to 1920 

from research conducted by the eSareau of sublic Loads (LPR). It 

has subsequently bean revised once each b:; the Lill, the highway 

Research bard, and the American Acsocietion of State Highway 

Officials, It is an engineering property classification based 

on field performance of highways, and groups coils of about the 

same general load-carrying capacity and service into seven basic 

categories deli nated A-1 through A-7. The best soils for road 

subgrade are classified as A-1, grading into the poorest soils 

classified as A.7, 

Due to the wide range in load-carrying capacity of each 

group, as well as over-lapping of load-carrying capacity between 

groups, sub-groups and group ineices have been devised to approxi- 

mate within group evaluations. 
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The Portland (dement asaociation (i4 has given the follow- 

ing brief classification key: 

Granular materials (:35S passing 14o. 200 slave) 

A-1 soils are well-graded1/ ;,tures from gravel to sand 
with nonplastic soil binder2 

A-1-a soils are gravel, either with or without a well- 
graded nonplastic binder. 

A-1-b soils are sands, aithsr with or without a well- 
graded nonplastic binder. 

A-2 soils are composed of a wide range of granular materials 
that cannot be classified as A-I or because of their fines 
content, plasticity, or both. 

A-2-4 soils are granular materials that have binder 
characteristics of the A roup. 

A.,2-5 soils are Eranular materials that have binder 
characteristics of the A-5 group. 

A-2-6 soils are granular materials that have binder 
characteristics of the 1,-6 group. 

A-2-7 soils are granular materials that have binder 
characteristics of the A-7 group. 

A-3 soils are sands deficient in soil binder and coarse 
material. Typical are fine beach sands and Sine desert 
dune sands. 

Silt-clay materials (>35 ; passing No. 200 sieve) 

A-4 soils are composed predominantly of silt with only 
moderate to small amounts of coarse material and clay. 
They are of very common occurrence. 

A-5 soils are similar to A-4 soils except they contain such 
materials as micas and diatoms wdch produce hishly elastic 

Well-vraded indicates that a soil contains a proportionate 
amount of all size fractions and that no size groups are 
missing or are dominant. It is the opposite of the Feologic 
and pedologic term "well-sorted", meaning, grains are all 
nearly the same size. 

/ Soil binder is generally considered as the material passing 
the No. 200-mesh sieve (<.074 mm in diameter). 
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properties. They are of limited occurrence. 

A-6 soils are composed predominantly of clay with moderate 
to negligible amounts of coarser materials; they are non- 
elastic. 

A-7 soils are composed predominantly of elastic clays. 

A-7-5 soils exhibit moderate plasticity indices in re- 
lation to liquid limit, and may be highly elastic as 
well as subject to considerable volume chance. 

A-7-6 soils exhibit high plasticity indices in relation 
to liquid limit and are subject to extremely high volume 
chane. 

The A3SHO group index rating is obtained by the use of croup 

index charts given by iCA (44) or by the use of a group index 

formula, as follows: 

Group Index a 0.2a + 0.005ac f-0.01 bd; 

where: 

a as That portion of the percentage pasing the 
greater than 35 per cent and not exceeding 
expressed as a positive whole number (0 to 

b That portion of the percentage passing the 
greater than 15 per cent and not exceeding 
(0 to 40). 

c That portion of the numerical liquid limit 
40 and not exceeding 60 (0 to 20). 

d That portion of the numerical plastic index greater than 
10 and not exceeding 30 (0 to 20). 

The group index is given in parentheses after the soil croup 

number. A general evaluation of subprades in terms of group in- 

dex is as follows: 

No. 200 sieve 
75 per cent, 
40). 

No. 200 sIeve 
55 per cent 

greater than 

Excellent 
Good 
Fair 
Poor 
Very poor 

A-1-a (0) soils 
Owl group indices 
2-4 group indices 
5..9 group indices 
10-20 group indices 

Whether a soil is "silty" or "clayey" depends upon its 
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plastic index. "Silty" is the term applied to fine materials 

having a plastic index of 10 or less, and "clayey" is applied to 

fine material with a plastic index L;reater than 10. 

This classification syste has itsgrestert application In 

highway and airport investigations and in work concerning the 

foundations of large, extensive structures. It Is commonly used 

by such organizations and ac;encies as the Highway Research Board, 

American Association of State Hichway Officials, Bureau of Public 

Roads, and many state highway departments. 

Unified Szstem. According to Casagrande (19) the Unified 

soil classification system was revised by the Bureau of Ilecla- 

mation from a 1942 system developed by Casagrande for the Corps 

of fj3ngineers, and known originally no the Airfield Classification 

System. 

The Unified system recognizes 15 basic soil groups based on 

textural and plastic qualities and with respect to their perfor . 

mance as engineering construction materials. Under this system 

soils are divided into three major divisions; (1) coarse-grained 

soils containing 50 per cent or loss of material passing the No. 

200 sieve; (2) fine.grained soils with greater than 50 per cent 

of the material passing the No. 200 sieve, and (3) highly organic 

soils. 

Coarse-grained materials are subdivided into gravels (0) and 

sands (S), depending upon whether the amount retained or passing 

the No. 40 sieve (openings 4.76 um) is dominant. Each subgroup 

is given a second descriptive letter, depending upon the amount 

and type of fines or upon the grain size distribution as follows: 
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W well graded, F poorly ..raded, silty, and C clayey. 

Fine-grained soils are divided into silts (Y) and clays (C), 

depending upon their liquid limit aed plasticity index. These 

groups are given a second letter based or whether they have a 

relatively low (L) or hiiTh (H) liquid limit. 

Organic soils are designated OL cr OH depending upon their 

compressibility characteristics. Eighly organic soils and pests 

are given the symbol Pt. 

This classification system may be used for highway and air- 

port construction, but fin1s its greatest value in predicting the 

behavior of soils for foundations of small buildings, embankments, 

and for soil conservetion structures. This is evidenced by the 

agencies using this system: the Soil Conservation Fervice, Federal 

Housing Administration, Corps of Engineers, and flureau of Recla- 

mation. 

MoistureDensity Relations 

According to the Earth Manual (17), iroctor showed in 1933 

that the dry density of a soil obtained by a given compactive 

effort depended upon the amount of water contained by the soil 

during compaction. For any riven soil and compactive effort there 

is one water percentage, called the optimum moisture content, that 

will result in a maximum dry density of that soil. Water ccntents 

both greater and smaller than the optL.um value will result in dry 

densities less than maximum. 

Two specifications are usa..1 in determining moisture.density 

relations; the Corps of Engineers test (also known as the AASHO 
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test) and the American Society of Testing Materials test. The 

former uses sli,,,;htly more than A:Jur and one-half times the force 

of compaction as the latter test. 

According to the doll rimer (44), the results of the teat 

can be interpreted to f4ve much general information on the load- 

carrying capacity of soils. This publication has stated that many 

engineers may interpret moisture-density tests to learn more about 

the properties of a given soil than from any other one test. 

The maximum density of soil fives approxirr.ate information on 

its gradation and texture, including, approximate clay and silt 

content. The shape of the moisture-density curve also gives val- 

uable information showings the influence of water upon the load-sup- 

porting capacity of the soil. 

Interpretation of Properties and Characteristics 
from EnFineering Glassification 

As stated previously, the function of soil en7inelring iner- 

pretations is one of providins information of engineering signif- 

icance about the soils and the alternatives possible in their use 

and treatment. 

With identification by the aid of soil survey reports, maps, 

and complete profile descriptions, with results of laboratory tests 

to determine the envineerinq classification, and with established 

guides of interpretation established by several lederal agencies, 

many erwineerin7 properties, characteristics, and applications may 

be predicted. 

The Soil Conservation service, in an Advisory Notice (48) 
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and a Soils Memorandum (49) has set the form of presenting factual 

information and interpretative information in the engineering 

sections of soil survey reports. In audition to prescribing such 

information as map symbols, soil series names, texture, permea- 

bility, salinity, and engineerin classification and data, the 

SCS also recommended and set forth a method of estimating the 

following enOneering properties which pertain to conservation 

and agricultural enfjneering: 

1, Suitability for dikes and levees, as determined by such 
factors as impermeable layers, permeability rates, water table 
and floodinf,, cracking, and shrink-swell potential. 

2, suitability for farm pond reservoirs, as determined by 
such factors as permeability, rate of seepage, end depth to rock 
or highly permeable material. 

3. Suitability for farm pond awbankments, as determined by 
such factors as soil texture, soil strength and stability, permea- 
bility, cracking, and unsuitability due to high organic matter 
content. 

4. Suitability for agricultural drainage, as determined by 
such factors as permeability, layers which influence the rate of 
water movement, water table and topoaraphic position and slope. 

5, Suitability for irriFation, as determined by such factors 
as soil depth, water-holding capacity, permeability, and topography. 

6. Suitability for construction of terraces and diversions, 
as determined by such factors as slope and topography, texture, 
inhibiting layers, and depth of soil. 

7. Suitability for use as waterways, as determined by such 
factors as erodibility, fertility, slope, and permeability. 

The U, S. army Corps of :Jtvineers (21) has established an 

interpretative guide for estimating soil envineering properties 

after classification accor]inrr to the Unified system. These 

estimated soil properties pertainin to roads and airfields and 

to embankments and foundations are as follows: 
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Pertaining to roads and airfields: 

1. Value as a foundation when not subject to frost action 
2. Value as a base directly under bituminous pavement 
3. Potential frost action 
4. Compressibility and expansion 
5. Drainage characteristics 
6. Compaction equipment needed 
7. Dry unit weight (1b/ft3) 
8. Field California Bearing tiatio (lb/ft3)1/ 
9. SubErade modulus (1b/in3)/ 

Pertaining to embankments and foundations: 

1. Value for embankments 
2. Permeability (cm/sec) 
3. Compaction characteristics 
4. Maxiaum unit dry weight (1b/ft3) 
5. Value for foundations 
6. Requirements for seepage control 

Recently, work has been initiated by the Federal Housing 

Administration to permit the evaluation of soils with respect to 

foundations, streets and roads, and other structural, mechanical, 

and residential site engineering purposes. The Technical Studies 

Advisory Committee of the National Academy of Sciences recommended 

that FBA adopt the Unified system with Fuides of applicable physi- 

cal characteristics of the fifteen groups of the system. 

The Federal Housing Administration contractei with Virginia 

Polytechnic Institute to develop such guides and with the Bureau 

of Public oads to compile and provide engineering test data of 

representative aFricultural soil series. 

These guides and test data have been published in 1959 (23) 

and revised in 1961 (24) and evaluated the following properties 

of disturbed soils: 

14/ California bearing Ratios (CBH) is a measure of shearing 
resistance used in design of flexible pavements. 

2/ Subgrade modulus (k) is a value of the reaction of the sub. 
grade per unit of area per unit of deformation, used in de. 
sign of rigid pavements. 



1. Workability as a construction material 
2. Compaction characteristics 
3. Shearing strength when compacted and saturated 
4. Compressibility when compacted and saturated 
5. Permeability and percolation characteristics when com-

pacted (cm/sec) 
6. Corrosion potential 
7. Value as a road base when not subject to frost action 
8. Value as a road sub-base when not subject to frost action 
9. Value as a roadway sub-base when subject to frost action 
10. Value as an untreated roadway wearing surface 
11. Value as a roadway with surface stabilization with 

additives 
12. Value as a foundation material for low buildings and 

compacted fill 
13. Value aa a low berm (less than 6 ft,) for sewage lagoons 
14. Value aa a compacted earth lining for water storage 

reservoirs and sewage lagoons 
15. Value as a domestic sewage disposal area 
In addition, five properties of undisturbed soils at resi-

dential building sites are rated according to the various Unified 
system categories. Since it is most likely that soils to be used 
for roadways and foundations will be disturbed, only one character-
istic of undisturbed soils will herein be evaluated: 

1. Value as a domestic sewage disposal area. 

Other Engineering Uses of Agricultural Soil Survey 

In addition to the manuals which serve to predict engineering 
behavior of soils on a basis of their engineering classification, 
much recent literature is in existence which attempts to relate 
agricultural soil classification to engineering usage, and to 
serve as guides to the alternatives available for engineering 
usage. 

In 1949, the Highway Research Board published a bulletin (29) 
containing papers pertaining to the use of agricultural soil sur-
veys by engineers and included a complete list, by state, of all 
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county and special area surveys which had been published from 1918 

to 1948. Included with the listim7s were numerical evaluations 

(1 through 4) by the USDA of the relative accuracy and value of 

each survey. 

A revision of the above publication in 1:,57 (31) made the 

list of completed soil surveys complete up to that time. Other 

bulletins prepared by the HBR Conzilittee on Surveying,, Mapping and 

Classification of Soils (30, 32, 33, 34) contained other papers 

concerning interpretation of soils data, geologic and soil surveys 

in progress, and the listing of names and addresses of state geol- 

ogists* state soil scientists, and personnel engaged in actual 

survey work. 

In 1959, the Oklahoma Department of Highways issued a compre- 

hensive Soils Manual (43) setting forth a method for making full 

use of relevant information concerning clinate, geology, and soils. 

The manual contained introductory sections concerning geology* and 

engineering and pedological soils. It listed the highway engineer- 

ing characteristics of the major soil series of the state and gave 

maps of geology, soil problem areas, climate, and 30 well done 

block diagrams showing the interrelationships among soils, topog- 

raphy, natural vegetation, and geology. 

The second section of the manual gave the procedures for 

identifying the major soils and geologic formations in each of the 

eight maintenance divisions of Oklahoma. In all cases the pedo- 

logic method of identifying soil was used* this related to AASHO 

engineering classification, and from this, nine predicted charac- 

teristics were listed together with laboratory data of four 
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physical tests. 

This manual is perhaps tne best approach to date of trans- 

latinF information which has ue4n accumulated in one field of 

work into another field for a dillorent kind of work. It is also 

noteworthy that it was sua:Festeu that soils per se are not the 

basic cause of highway problems, because the soils themselves are 

an expression of the totality of the conditions prevailing in any 

iven area. The pro'clems of hinwws, then, are also problems of 

tne conditions ol environment in which the hichwey is constructed. 

some states, such as .asilinEten, prepare county engineering 

soil bulletins to be used as supplements to agricultural soil re. 

ports and maps, Mytln and Cilkeson (3b) have prepared such a 

bulletin wnich, after a narrative introduction dealinta with use 

of the bulletin, gave data and interpretations of enpineering 

significance. 

Included in climatic data were reinfell Intensity-duration- 

frequency curves, temperature and precipitation data, and freeze 

data, each of which are given for several stations. Next were 

listed sources of sane, gravel and other construction materials, 

and approximations of some enaineerth a. characteristics of the 

major soil seriec of the county, a brief profile description of 

each series, including variations and special enoineerinF consider- 

ations, other data were a tabular presentation of each series' 

typical laboratory data, includin unified anu ikAbn0 classifica- 

tion, and finally, aerial photwapns of the major soils were 

shown, helpin to illustrate their topot,raphic position, relation 

to other series, and other factors. 
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Bartelli(3), in a paper presented to the Soil Conservation 

Society of AAarica in 1961, discussed the use of agricultural 

soil surveys in the planning and development of urban-fringe areas. 

Engineering use and interest in these areas centers around the use 

of soil for roadways, foundations, and as sewage disposal areas. 

The use of soils for sewage disposal and the prediction of 

the suitability of a given soil for such use from soil surveys 

has been the topic of two pioneering studies in Virginia and 

Connecticut. Clayton, et al (20) have found in Fairfax County, 

Virginia, that after percolation potential was determined for 

soils representative of a given series, that the information 

could be projected to other sites of similar soils by using the 

detailed soil maps as a guide. They have noted that when trunk 

sewage disposal lines are not available, the size of the building 

lot for an individual home site and the quality of house built are 

largely regulated by the type of soil. They also noted that, in 

general, soils better adapted for agricultural use are the better 

soils for septic tanks and other engineering uses. 

hill and Shearin (28), have discussed the limitations of the 

soils of Hartford County, Connecticut, for various engineering 

uses in urban expansion. They have stated that interpretations 

of engineering, properties from soil surveys are useful in planning 

and zoning, and in anticipating remedial measures. They have men- 

tioned the conflict between selecting building sites for esthetic 

values and for engineering properties. 

According to Miles and Spencer (40), county engineering soil 

maps are being prepared for all Indiana counties not having an 
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agricultural soil survey. These maps are prepared using the 

pedoloaical approach adapted to a limited amount of random saapling 

and laboratory testing, and upon airphoto interpretation. 

fhornburn and Larsen (52), in an investigation of the statis- 

tical variation of liquid limit, plasticity index and clay content 

of the loess-derived soils of aeaitt County, Illinois, showed that 

certain physical properties can be predicted for soil map units 

with a reasonable degree of accuracy. 

They stapled and tested the major 1 and ks horizon of four 

major soil series at ten random sites, and made no attempt to 

limit sampling to modal profile development, The principal ob- 

jective of the study was to determine the number of profiles which 

must be sampled in order to characterize each soil series within 

a specified limit of accuracy. it was concluded that, although 

the number of samples required would depend upon the variability 

of the soil horizon, that five profiles of each soil series would 

characterize each of the three index properties with from 3.0 

to 6.5 per cent accuracy 95 per cent of the time, and would re- 

veal significant differences in index properties between soil 

series derived from identical parent materials. 

Iii a later study, :gorse and fhornburn (41), concerned with 

the problem of extrapolating., the data obtained from a few specific 

locations to cover a vast volume of soil, undertook a furtner 

statistical analysis of the enaineerinff properties of the soils 

of Livingston County, Illinois. 

Twelve series, varying in parent material kloess, glacial 

till, and glacial outwash) were sampled at five random sites. 
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It was expected that these soils would be more variable than those 

previously tested in Da4itt County since the C horizons were also 

sampled and because of variation of the parent material not found 

in the loessial soils of DeWitt County. 

It was found that standard deviation of the mean index values 

varied with the property measured as well as with the soil series 

and horizon sampled. In the case of the more uniform loess, 

samples from each horizon at five sites of a given series again 

proved to be a sufficient number to define the property liLits 

with a good degree of accuracy. In the case of the more variable 

till and outwash, the average number of samples required to reach 

the same accuracy was greatly increased, however for any particular 

soil type the degree of variability differed with respect to the 

property being measured. 

In view of the inherent variability of index property values, 

it was decided to determine whether demonstrable differences be- 

tween similar soil series existed by testing the sample means of 

one soil series against the corresponC,ing means of another in 

order to determine whether any pairs of means were significantly 

different. It was concluded that even with the requirement of 

95 per cent probability, soil series do show significant differ . 

ences in some of their physical properties, and that although 

pedalogic mapping units are variable, most should be sufficiently 

unique and accurate to allow engineering usage of a few laboratory 

tests to be applied over an extensive area. 

In a study of the relation of Atterherg limits to other 

properties of selected Illinois soils, Udell, et al (42) found 
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very close correlation between liquid limit, plastic limit, and 

plasticit index and per cent of organic carbon, per cent of clay, 

and per cent of montmorillonite in the clay fraction. This indi- 

cated that when the latter three properties are known, that Atter- 

berg lilts and associated end ineering properties can be esti,17ated 

quite accurately. Ament of clay and oranic carbon were the most 

important detarylinants of AtterberL: limits. :'hen these properties 

are known, as they are for many series, it is possible to make 

reasonably accurate estimates of predictions on the basis of esti- 

mated values. 

ThAls, from these recent studies, the basic nature of pedo- 

logical soil methods and classification is further demonstrated. 

It is this basic nature which allows other than agricultural 

usave of agricultural soil surveys. 

MATERIALS Aao ;IETEODS 

Soils 

The soils for this study were collected in Logan County, 

Kansas. The sites for collection of each series were those at 

which the series were described in the descriptive legend prepared 

by the Soil Conservation Service, The ten of the 31 soil series 

or mapping units recoFnized in the county which were sampled were: 

Keith silt loam, Ulysses silt loam, Colby silt loam, Richfield 

silt loam, Lofton silty clay loam, i'romise clay, Bridgeport loam, 

'Canter sandy loam, Dwyer loamy sand, and Likes loamy sand. These 

series have the complete ranze of textures found in this county 
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and represent nearly all of the parent materials in the county. 

The Keith and Ulysses soils are developed from loessial 

parent material and comprise nearly 70 per cent of the areal ex- 

tent of the county's soils. since these series have widespread 

development on sites differing, in depth of parent material, under 

sli7htly different climatic conditionsi on varyin7 slopes, and 

other differing factors, they quite often exhibit profile develop- 

ment differing from that of the modal condition as found in the 

descriptive legend. For these two series, the major three horizons, 

generally A, is, and C, were sampled at the site of modal develop- 

ment and at carefully selected sites of minimum and maximum pro- 

file development. The purpose in mind was to determine if, for 

these two soils in this county, the differences within series 

gapping units was reflected by a concomitant variation in engi- 

neering properties and classification. 

The Colby and Richfield series, also developed from loess, 

were sampled for comparisons, but only once each at their modal 

sites, again represented by the major A, 13, and C horizons. 

The remaining series were also sampled in three horizons, 

once each at their modal sites. The i,often soils are dark colored, 

noncalcareous Chestnut soils with compacted clay subsoils occurring 

in upland basins and depressional areas associated with large ex- 

tents of nearly level Keith soils. 

promise clay is a deep, dark colored hegosol formed in clayey 

alluvial-colluvial slopes below outcroppings of Pierre shale in 

the High Plains Ae ion of the county. 

The ranter sandy loam is a deep, :aoderately dark colored, 
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weakly developed zonal soil developed in reworked calcareous 

sandy deposits of Tertiary and quartenary materials occurring as 

elonvated ridges in upland positions. 

Dwyer loamy sand is a dark, deep, calcareous hegosol formed 

in reworked Tertiary sands on high terrace escarpments above the 

flood plain and in upland positions i=ediately adjacent to the 

Smoky Hill hiver. 

The remaining two series are alluvial in origin. Likes 

loamy sand is light colored, moderately deep, calcareous, immature, 

and is formed in alluvial fans at the termination of upland drain- 

a7eways that empty into low terraces alonE the Smoky Hill River 

Valley. 

Bridgeport loam is a li7ht colored, deep, calcareous, weakly 

developed soil occurrin7 as low terraces and alluvial fans in the 

Smoky Hill River Valley and as valley sediments in the larger 

tributaries of this river. 

Methods 

Several physical and chemical tests were performed on each 

of the three horizons of the soils from the A sites in order to 

determine their enEineering classification and to help to charac- 

terize them. These laboratory tests were: (1) organic matter 

content approximation; (2) determination of pH of saturated soil 

paste and saturated soil paste extract; (3) determination of sol- 

uble salts per liter of saturated soil extract; (4) particle size 

analysis; (5) liquid limit; (6) plastic limit; (7) optimum mois- 

ture content at maximum dry density for selected soils. 
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Organic ratter. Organic matter content was approximated by 

a method adapted from Schollenber;,7er (47), Organic matter often 

affects the plasticity properties of soils sufficiently to influ- 

ence their classification. :.given small amounts of organic matter 

in collodial form in a clay will result in an appreciable increase 

in liquid limit without correspondingly increasing its plasticity 

index. Soils containin even moderate amounts of organic matter 

are significantly more compressible and less stable than inor anic 

soils; hence, they are less desirable for engineering use. ':'hen 

determining soil classification according to the Unified system, 

an estimate of the organic matter content is needed in determining 

certain border-line classifications and in classifying OL and OH 

soil groups. 

Saturated Soil Paste. Saturated soil paste was made from 

approximately 250 gm of each soil sample according to the directions 

given by Jackson (35), The pH of this paste was determined by use 

of a Beckman pH meter. The soil solution was removed from each 

saturated sample and the pH determined. The salt content was 

approximated by determining the conductivity with an Industrial 

Instruments model RC conductivity bridge. 

Particle Size Analysis. The particle size analysis was 

determined upon each sample in two ways. First, weighed amounts 

of approximately 200 gm of each soil sanple were soaked in water 

and dispersing agent/ for 24 hours. The slurry was washed with 

tap water over a No, 200-mesh sieve. The material retained on 

I/ 15 ml of 1N sodium hexaxnetaphosphate sold by ilsher Scientific 
Company under the trade name "Calgonn, 
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this sieve oven dried, weighed, and passed over a. nest of the 

following sieves: i in; Nos. 4, 10, 20, 40, 60, 100, and 200. 

From the weight of dry material retained on each sieve, the 

percentare of each size limit and the amount passing the No. 200- 

mesh sieve was determined. This test was performed and calcu- 

lated according, to ASTM Designation: D 1140-54 (2). 

The Bouyoucos hydrometer analysis was then determined for 

each soil upon the material passing the No. 10-mesh sieve (<2.00 mm). 

The procedure used was as outlined in ASTM Designation: 1) 422-54T 

(2), with the following exceptions: A water bath or constant. 

temperature room were not employed; the relatively small temper- 

ature variations were compensated for by use of a correction 

factor as given by 13ouyoucos (5), Also, rather than correcting 

the sample weight for hygroscopic water, the samples were oven 

dried and 50,000 gm of soil weiF,hed for fine-grained samples, 

with 100.000 gm used in the case of sandy soils. 

hydrometer readings were taken at the following times: 1, 

5, 30, 120, 240, and 1440 minutes in order to aetermine the per- 

centage of soil smaller than the following diameters: .05, .02, 

.005, .002, and .001 mm. 

In addition, a check could also be made by this method of 

the sieving results of the determination of the percentage smaller 

than the No. 20, 40, 60, 100 and 200-mesh sieves. 

Liquid Limit. The liquid limit was determined upon the 

material passing the No. 40-mesh sieve for each soil sample 

according to ASTM Designation: D 423-54T, mechanical method (2). 

The only deviation from the method riven was that after initially 
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mixing each soil with water, it was allowed to stand for approx- 

imately 30 minutes over water in a closed dessicator before 

testing. 

Plastic LLnit and elasticity Index. The plastic limit was 

determined upon the same soil material previously used to deter- 

mine liquid limit, according to ASTY DesiEnation: 0 424-54T (2). 

In all cases a portion of the soil being mixed for the liquid 

limit test was removed before reaching the liquid limit. Each 

plastic limit sample was flattened and air dried until its 

moisture content approximated its plastic liLit before being rolled. 

Moisture-;Ansity iielations. The moisture-density relations 

of combined profiles was determined upon certain of the original 

soil series according to ASTM Desi6;nation: 0 698-57T, Method A 

(2). The soil series and depths sampled were: 

Ulysses 7-14 inches 
Ulysses 20-50 " 

Keith 17-41 " 

Keith 41-55 " 

Lofton 12-30 " 

Lofton 40-60 " 

3ridgeport 20-46 " 

Dwyer 5-40 ti 

Colby 20-50 
Promise 8-22 " 

Keith, Ulysses, and Colby series were selected because of 

their wide occurrence in the county; the other series being se- 

lected to cover a range of parent materials and textures. Two 

depths were sa:pled for Ulysses, Keith, and Lofton series in 

order to compare the properties of relatively unweathered loessial 

parent material and to compare the properties of greatly varying 

horizons within the series. In no case was the surface horizon 



30 

sampled since variation in organic matter content greatly affects 

moisture-density relation. In ad,Ation, in construction work this 

horizon is very often discarded, buried beneath. other material, 

or in some instrances, saved for topdressing in the seeding of 

road embankments and borrow areas. In most cases, parts or all 

of several horizons were collected in one sa ple. In construction 

operations, these layers, unless one or more posesses undesirable 

characteristics, are mixed. 

The only deviation from the it-TM standard was that two in- 

stead of one moisture content samples were taken from the com- 

pacted soil, one from each end of the plug within the mold. .3ach 

damp sample weihed approximately 50 gm. 

It should be noted that standard compactive effort (25 blows 

from 12 inches of a 5.5 lb. hammer on each of 3 layers) was used 

rather than modified standard compactive effort (25 blows from 

18 inches of a 10 lb. hammer on each of 5 layers). 

RESULTS AND DISCUSSION 

Chemical :2ests 

The pH determination of the saturated soil paste extract 

showed one neutral soil (surface horizon of Manter sandy loam), 

with the other soils being alkaline as expected. The range of 

pH was from 7.2 to 8.3. The pH determination of the saturated 

soil paste indicated the soils to be slightly acid to slishtly 

alkaline. In all but seven cases the reading of the extract 

indicated higher pH than the paste itself. In five cases the 
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paste indicated higher p11 values. It is suspected that the cause 

of difference in the readings is due to differences in soil-water 

relations. 

The orranic matter determination revealed that for each of 

the 14 soils sampled, the organic matter content of the surface 

horizons was in each case greater than the lower two horizons, 

as was to be expected, In general, the samdy soils contained 

less overall organic matter than the heavier soils. Two of the 

sandy soils showed no measurable oranic matter below the surface 

horizon. the ureatest amount of organic matter (2,42') was found 

in the surface horizon of Keith silt loam of maximum development. 

In all cases the second sampled horizon of each soil revealed 

greater organic matter content than the lowest sampled horizon. 

The determination of millequivalents of soluble salts per 

liter of saturated soil extract revealed generally a fairly low 

salt content. Salt content was found to vary among soil series 

and horizons. Results of chemical tests are shown for all soils 

tested in appropriate columns of Table 1, 

Physical Tests and a;ngineerinE Classification 

echanical Analysis. Particle size analyses of the various 

soils showed the textural differences which gave the series a 

type desination. 

The No. 10 sieve was the first of the sieve series to retain 

a measurable amount of material in the case of all sampled hori- 

zons of Manter sandy loam and Dwyer loamy sand. Hydrometer 

analyses showed clay contents (particles less than ,002 mm) of 



T2,9:019 1. Suirimary of selected encineerinz; properties, 
characteristics, and classification of impor- 
'cant soil series 01 LoF:.an County Kansas 

. . . 

. . 

: l'orizon: 
. 

: 

Depth 

. : : . i.v ,- 

:Passing: .002 mm : . 

: Texture : if/200 :diameter : 

: :(c clay) : 

L.L. 

. 
: ph : m.eq. : Dater :1-:,ngineering Class.: 

. . : ph :Saturated:salts/l.of: Content 
: P.L.:P.I.:0 .M.:Saturated: Soil : Sat.soil : at 

Pasto : .21tract : xtract :Saturation: AALHO : 0nified': 

L.L. 
: Sat 

Bridgeport Al & A 0-18 loam 72 16 27 a 1.2 7.4 8.2 6.93 30 A-4(7) M.Lo.CL 90 
(loam) Cl 18-36 loam 95 24 36 20 16 1.0 7.7 u.1 3.81 44 A-6(10) ML-C L 02 

G2 40-46 loam 86 22 33 20 13 .4 7.6 7.8 6.93 38 A-6(9) ML-CL 87 
Uo1Dy A 0-5 silt loam 95 20 31 24 7 2.0 7.2 8.1 7.40 7:9 A-4(0) ML-CL BO 

(silt loam) AC 12-24 silt loam 75 32 30 15 15 .7 7.6 7.9 3.35 34 A-6(10) ML-CL 80 
C 25 silt loam 81 28 31 16 15 .3 7.7 7.9 3.8 36 A-6(10) ML-CL 66 

Dwyer Al 0-5 loamy sand 60 5 27 27 0 2.2 7.3 7.6 1.02 29 A-4(5) ML 93 

(loamy sand) AC 5-12 sand 5 1 0 0.0 d.2 7.8 3.14 19 A-lb(0) SP-3M 4NNO - 
C 12 sand 9 1 0 0.0 8.1 7.7 3.34 19 A-3(0) SP-SM. 00111. 

Min. Keith Alp 3 Al 0-8 silt loam 09 26 35 21 14 2.0 7.1 8.0 5.65 42 A-C(10) AL-CL 83 
(silt loam) 132 11-15 silt loam 99 32 36 21 15 1.5 7.0 7.7 6.79 49 A-6(10) 74 

.L.3 15-34 silt loam 99 30 39 23 16 .7 7.7 7.7 6.18 44 A-6(10) ML-0L 89 
Mod, Keith Alp]. & Al 0-11 silt loam 99 26 35 24 11 2.0 7.0 1.60 00. A.6(8) ML-CL 81 
(silt loam) 321 16-22 silt loam 99 28 39 20 19 1.1 7.1 4.51 43 A-6(12) ML-CL 91 

82ca 32-42 silt loam 99 28 39 20 19 .6 7.6 8.2 5.24 40 A-6(12) ML-CL 98 
laax. Keith Al 0-9 silt loam 99 26 36 22 14 2.4 6.2 3.1 5.93 37 A-6(10) ML-C L 97 
(silt loam) Ii2 17-27 silty cl.loam 99 28 39 20 19 1.9 7.0 8.2 4,01 36 A-6(12) ML-CL 110 

03b1 27-42 silty cl.loam 99 23 39 21 18 .6 7.5 7.8 8.20 43 A-6(11) ML-CL 91 
Likes Al 0-12 loamy sand 20 2 (Sl.P1.(i)) 0 .4 7.6 7.8 7.64 15 A-2-4(0) SP-SM 
(loamy sand) AC 12-30 loamy sand 17 2 0 0.0 8.0 8.0 3.59 15 A-2-4(0) 40,1111. 

C 50 sand 3 1 (81.P1.(1)) 0 0.0 8.0 8.1 2.76 18 A-3(0) SP 411110 

Lofton Ap 0-5 silty cl,loam 99 35 32 22 10 1.5 6.0 ri 4.60 18 A-4(6) ML-C L 67 
(silty clay U22 8-17 silty cl.loam 99 46 54 21 33 .8 6.4 5.72 55 A-7-6(20) ML-C L 98 

loam) isc 43-55 silty cl.loam 99 40 42 21 21 .3 6.8 7.0 6.09 49 A-7-6(13) ML-C L 86 
iianter Al 0-6 sandy loam 37 6 23 19 4 1.3 7.2 7.0 6.39 18 A-4(0) SC-SM 113 
(sandy loam) b21 6-14 sand 34 7 24 19 5 .8 7.0 7.3 4.69 20 A-2-4(0) SC-SM 112 

C 26-36 sand 40 9 20 19 1 .3 7.6 7.2 1.51 22 A-4(1) SC-SM 01 
kromise A 0-B clay 81 42 52 21 31 1.7 7.3 6.1 5.21 43 A-7-6(19) ML-C L 112 
(clay) AG 8-20 clay 81 46 = 0 21 32 1.1 7.5 7.4 1.02 43 A-7-6(19) ML-CL 112 

C 

itichfield A 
25-35- 
0-5 

clay 
silt loam 

85 
99 

NO WO 

26 
47 
31 

22 
21 

25 
10 

1.1 
1.4 

7.5 
6.8 73..g 

2.6 
5.6 

47 
43 

A-7-6(15) 
A-4(8) ML-0L 

100 
72 

(silt loam) 1321 22 5-19 silt loam 99 26 37 22 15 1.2 7.3 6.2 3.93 45 A-6(10) ML-CL 82 

Cca 
Min. Ulysses Al 

27-36 
0-8 

silt loam 
silt loam. 

99 
98 

34 
19 

38 
33 

22 
23 

16 
10 

.6 
1.5 

7.9 
7.6 

8,0 
3.2 

4.21 
6.29 

45 
40 

A-6(10) 
A-4(6) 

ML- CL 
ML-CL 

85 
82 

(LL1t loam) AC 8-19 silt loam 99 26 36 21 15 .8 7.7 7.8 3.93 42 A-6(10) ML-C L 66 
C *30-36 silt loam 99 17 32 23 9 .4 7.7 8.0 4.10 40 A-4(6) ML-C L 130 

Lod. Ulysses Al D Ap 0-5 silt loam 95 20 34 23 11 1.8 7.7 3.3 3.97 40 A-6(8) ML-C L 85 
(silt loam) 621 5-9 silty cl.loam 93 24 39 20 19 1.5 7.3 b.3 4.08 44 A-6(12) ML-CL 89 

.r3C 25-48 silt loam 99 17 3c 25 5 .3 7.6 8.0 8.20 36 A-4(8) ML-C L 79 
Max, Ulysses Al 0-9 silt loam 99 26 36 22 14 1.5 7.1 0.2 6.98 44 A-6(10) ML-CL 82 
(silt loam) B2 9-14 silt loam 09 20 40 21 19 1.2 5.55 16 A-6(12) ML-CL 87 

C 25-30 silt loam 99 20 35 22 13 ,6 7.6 7.7 5.24 42 A-6(9) ML-CL 83 

* Depth sampled not extent of whole horizon; all other horizons 
sampled throuj;h entire depth. 
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these soils to be less than ten per cent. The other two coarse- 

grained soils show some particles extending into lamer size 

ranges. Likes loamy sand had some particles retained on the No, 

4 sieve (greater than 4.76 mm) while i3ridgeport loam showed 

occasional particles greater than one-quarter inch in diameter. 

Hydrometer analyses of these two soils showed the sampled horizons 

of Likes to contain an extremely small amount of clay, while 

the three horizons of the ridgeport, althou01 having the largest 

particles of the soils tested, had relatively fewer particles re- 

tained on each sieve, but contained substantial amounts of clay. 

The hichfield silt loam horizons, like most of the loess- 

derived soils, showed no material retained on the No. 100 sieve and 

very little on the No. 200 sieve. All three horizons contained 

more than 25 per cent clay, most of which was less than .001 mm 

in diameter. 

The Colby silt loam surface horizon contained very little 

material retained on the to. 200 sieve, while the AC and 0 hori- 

zons contained about 25 and 20 per cent respectively, retained 

on this sieve. In spite of this, the lower two horizons also 

contained appreciably more clay than did the surface horizon. 

The high sand content of the lower two horizons was due to cal- 

cium carbonate concretions and to ,:orte mixing of loessial parent 

material with Tertiary outwash sands. 

The Lofton silty clay loam contained only occasional, un- 

measurable concretions retained on the No, 100 sieve and high 

clay contents in all three sampled horizons. 
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The Promise clay contained small amounts of material re- 

tained on the larger sieve sizes, but with large amounts of clay 

in all sampled horizons. The clay content of the C horizon could 

not be determined by the hydrometer method due to an excessive 

amount of gypsum which caused flocculation. 

Mechanical analyses of the three major horizons of Ulysses 

silt loam of minimal, modal, and maxinal development revealed no 

material retained on the No. 100 sieve with the exception of a 

small amount in the case of the upper two horizons of the modal 

profile. Increasing clay content from minimal through maximal 

development of all sampled horizons of each. profile fur ther re- 

flect stages of genesis. The mean clay content of all three 

samples from each profile were as follows: minial, 18.9%, 

modal, 20.3/., tal, 23.8 

Keith silt loam of minimal, maximal, ana modal develop- 

ment revealed less than 1 per cent retained on the No. 200 sieve, 

with the single exception of the surface horizon in the minimal 

case. Keith soils revealed their p;reater dejree of development 

(more distinct 13 horizons and greater depth to calcareous accumu- 

lations) than Ulysses soils by overall mean clay content of 27.9% 

as compared to 21.0;;;' for Ulysses. 

iowever, ieith soils did not reveal clear-cut correlation 

of clay content with development. iean clay content of all three 

horizons sampled for each stage or yenesis showed the following: 

minimal, 29,1%, modal, 27.5 and maximal, 27.3. It should be 

noted that this may be explained by the notation of the horizons 

sampled, in the case of minimal kieith two b horizons were sampled 
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the layers where greater clay accumulation is expected; while in 

the maxi 'al case two A horizons were sar:Ipled, the layers in which 

clay is normally at least partially removed. 

Complete results of sieve and hydrometer analysis of all 

three sampled horizons of all 14 soils studied are found in 

Table 2. Although complete analysis was done by hydrometer, and 

the results therefore unsuitable for assigninF textural names, 

the percentages of sand, silt, and clay fractions found in this 

study were quite similar to those which resulted. in the assivn- 

ment of textural names as a result of the pipet method of par- 

ticle size analysis. 

Atterberp Limits. Atterberg limits were determined to the 

nearest one-tenth per cent of water but, according to convention, 

were reported to the nearest whole per cent. In the case of non- 

plastic soils, the liquid and plasticity limits were reported 

as slightly plastic, temporary (61. i.(T)), or slightly plastic, 

permanent (Si. Fl.(2)), according to the sui±gested method of 

freus, as reported by the ATM (2). The method estimates the 

cohesiveness of non-plastic granular soils by the relative strength 

exerted by thumb and forefinger in order to crush an oven dried 

ball of sample soil one inch in diameter. 

The per cent of water content at saturation when making 

saturated soil paste was determined. The ratio, 

liquid limit X 100 
saturation per cent 

was deter in each case as a illoan.3 of comparing soils and as 

a means of detectinK great errors in the reported liquid 

It is to be expected that, with the possible exception of very 



Table 2. Tabulation of Results of Mechanical Analyses 
(Hydrometer and Sieve) 

Soil 

:bridgeport 
(lcam) 

Colby 
(silt loam) 

Dwyer 
(loamy sand) 

Min, Keith 
(silt loam) 

Mod, Keith ` 

(silt loam): 

Max. Keith 
(silt loam) 

Like s 
(loamy sand) 

Lofton 
(silty clay) 

loam) 
hunter 
(sandy loam) 

Promise 
(clay 
'Richfield 
(silt loam) 

Min, Ulysses 
(silt loam) 

Mod. Ulysses 
(silt loam) 

Max. Ulysses 
(silt loam) 

Horizon 

Cl 
Nl 

C2 
A 
AC 

Al 

C 

AC 
C 
Al 

132 
83 

Al 
.02 
In3 

Al 
b2 

Al 
AC 

A 
B2 
BC 

Al 
')21 
C 
A 

AC 

Al 
.921 & 22 
Cca 
Al 
AC 

Al 
C 

& 
1121 
BC 
Al 
B2 
a 

AP 

ercent Yassingi Sieve Per cent Smaller Than diameter 

1. " 4 

.11-4 

4 6rm : 2.00mm : 

t2 
0.84mm 

: 

: 0.42mm 
ff60 

: .250mm 
qb0 
.149mm 

#200 
.074mm .05mm : .02mm : .005mm : .002mm : .00k mm 

96.5 94.5 92,0 60.5 80.2 3. 2.5 54.9 29.0 19.6 15.5 12.0 

100.0 99.9 99.5 98.7 98.0 97.1 94.9 76.5 52.4 30.5 24.3 19.6 

100.0 99.9 96.0 90.0 88.0 86.0 84.0 45.0 27.5 22.5 18.6 
100.0 94.9 81.5 30.0 24.0 19.5 14.5 

100.0 99,2 90.3 82.1 78.5 75.3 64.2 45.5 36.8 23.0 26.2 

100.0 99.0 93.6 88.7 86.4 81.0 65.0 38.0 32.5 27.5 22.5 

100.0 99.5 95.9 78.3 64.9 60.4 59.5 30.5 16.4 9.2 5.2 3.8 

100.0 99.9 91.8 45.9 16.9 8.2 4.7 2.3 1.8 1.7 1.2 .8 

100.0 99.9 96.0 59.4 25.0 13.9 9.4 2.3 1.8 1.7 1.4 .4 

100.0 98.6 84,5 48,0 31,3 25.5 22.8 
100.0 09,4 84.5 52.8 39,3 32.5 29.0 
100.0 90.7 85.0 56.5 37.0 29.5 23.4 
100.0 .09,1 87.5 51.5 28.3 26.5 22,0 
100.0 99.7 87.5 51.5 37.4 27.5 24.8 
100.0 99.7 88.0 52.2 32.5 26.5 24.6 
100.0 99.4 9.5 50.5 28.9 26.0 23.0 
100.0 99.5 87.5 40.4 30,0 27.5 24.8 
100.0 97.6 89.5 50.2 37.7 28.5 24.4 

100 99.4 *980 93.6 68.5 -38.4 25.4 20.3 10.2 7.4 4.1 2.5 1.2 

100 99.3 98.9 91.0 60.0 32.8 22.4 17.1 5.5 5.1 4.2 2.4 1.5 

100 94.0 93.2 89,2 58.0 11.4 4.3 3.2 2.6 2.1 1.6 .6 .2 

100.0* 99.5 78.5 60.2 42.0 35.2 29.8 
100,0* 09.7 77.0 72.6 55,5 46..5 42.8 
100.0* 99,5 87,5 63,5 42.0 40.5 31.2 

100.0 99.9 95,1 71.5 50.t 41.8 37.2 16,5 12.5 9.6 6.5 5.0 

100.0 99.9 96,7 72,9 49.1 39.6 34.3 18.5 12.2 10.5 7,4 6.0 

100.0 99.6 97.8 82.4 60.4 48.7 40.0 17.5 14.0 11.8 6.6 6.6 

100.0 97.9 88.2 82.2 80.5 79.7 74.0 69.0 49.5 42.5 39.2 
100,0 97.5 88.9 83.8 82,3 30,6 77.5 66,5 55.0 46.2 41.0 
100,0 98.3 91.0 87.4 86.3 85.2 83.5 74.0 54,5 ** ** 

100,0 98.7 88,2 52.0 31.2 26.5 22.2 
100.0 99.4 87.5 50.5 32,5 26.2 23.0 
100,0 99.4 67.5 53.5 35,5 33.5 24.2 

1004 99.0 98.5 83.5 40.0 25.0 19.2 15.4 
100.0 99.3 84.0 45.0 30.0 20.5 17.0 
100.0 99.5 85.0 43.2 24,3 17,0 13.0 

100.0 98,0 95.0 76.5 34.0 25.1 19.5 1.7.6 

100.0 97.0 93.1 75.0 40.0 00 4 24.5 21.2 
100.0 98,9 81.5 38.4 4. 4.. f tf " 17.0 11.8 
100.0 03.9 84.5 45.0 30.5 25.5 22.6 
100.0 99.4 85,0 46.5 30.4 or 21.0 
100.0 09.5 83.0 47.0 29.0 20.5 14.6 

* Occasional particle retained on #100, 60, 40 and 20. 
** Flo4alation of suspension due to gypsum. 

36 



37 

clayey soils, this figure would be less than 100 per cent. 

Winter sandy loam horizons revealed the lowest liquid 

'limit of the soils tested, with a very narrow range of plastic- 

ity index. The per cent liquid limit/saturated per cent in the 

top two horizons was excessively large, due probably to the 

great difficulty in attaining true saturation in sandy. soils. 

Due to high sand content the lower two horizons of Dwyer 

loamy sand and all horizons of Likes loamy sand were nonplastic. 

Bridgeport loam horizons howed increasing liquid limit 

and plasticity index with increasing silt and clay content. 

Richfield silt loam revealed appreciably higher liquid 

limit in the lower two horizons than in the surface soil, with 

the plasticity index of these horizons rising correspondingly. 

Uolby silt loam horizons showed nearly equal liquid limit 

in all horizons but with the plasticity index of the lower two 

horizons slightly over twice that of the surface soil. 

Lofton silty clay loam horizons snowed great variation in 

liquid limit and plasticity index among the three sampled hori- 

zons. This was probably due to the type and nature of, the clay 

fraction as well as to clay per cent. The A horizon contained 

the least amount of clay and had lowest liquid limit and plas- 

ticity index, while the U horizon contained the greatest amount 

of clay which correspondingly raised the liquid limit and the 

plasticity index. 

Promise clay horizons exhibited the highest liquid limit 

of the soils sampled. Although these values vary, the plastic 

limits of the three horizons were nearly equal, giving plasticity 
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values which were only moderately high. 

Examination of Atterberg limits values of minimal, modal, 

and maximal Ulysses silt loam showed that in all cases the middle 

horizon, the zone of alluviation had the greatest liquid limit 

as compared to horizon above and below. The values of liquid 

limit for these three middle horizons also showed increase, along 

with increase of clay content, from minimal through maximal devel- 

opment. In all horizons of all three profiles there was no great 

difference in values of plastic limit. However, the plasticity 

index was greatest in the middle horizon of the three profiles, 

the minimal profile having a lower value than the other two, 

which were equal. 

Examination of the Atterberg limits values of minimal, modal, 

and maximal Keith silt loam showed that for all three profiles 

the surface horizons revealed liquid' limit values nearly equal or 

slightly lower than the deeper horizons. The lowest horizon of 

all three profiles shelved identical values for liquid limit; the 

middle horizon of the minimal profile being nearly the liquid 

limit of the surface, while the middle horizon of the other pro- 

files showed liquid limit values identical with the lowest horizon. 

There was little difference in plastic limit values among 

the Keith soils, and between these figures and those of the Ulysses 

soils. The plasticity index values of the various horizons of the 

Keith profiles also reflected great similarity of engineering 

properties. They followed a pattern identical to that pointed 

out in discussing- liquid limit values of these soils. 

r'ngineerin *, elassification. As may be readily seen by a 
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comparison of the Unified and AASHO classification systems, the 

latter, due to greater differentiation of groups and sub-groups 

and to within-group index numbers, is a much more sensitive indi- 

cator of difference in engineerin properties than is the former 

method. i'or the purposes of this study, significance of differ- 

ence in engineering properties both among horizons and among pro- 

files has been based upon group and sub-group placings and upon 

relative difference of index numbers according to the AASHO system. 

For example, two silty soils may both be classified as ML-CL 

under the Unified system, while under the AASHO system one may be 

placed in an A-4(0) grouping and the other may receive a rating 

of A-6(20); this a very significant difference between the two 

soils. 

The Manter, Dwyer, and Likes series were the only three soils 

receiving coarse-grained, or sandy (3) designations. All three 

horizons of the Manter sandy loam were SC-SM under the Unified 

system, while the AASHO system revealed similarity of the surface 

and C horizons but a rather significant difference in the middle 

horizon. 

Dwyer loamy sand exhibited a surface horizon classed as ML 

under the Unified system, while the lower two horizons received 

the same sandy designation. According to the AASHO system quite 

significant differences among the three horizons were revealed. 

Likes loamy sand revealed identical classifications of the 

first two horizons under each system. 'Tine lower horizon of this 

profile was found to be significantly different according to both 

systems. 
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Bridgeport loam showed engineering properties of the surface 

soil to be slightly more clayey than the lower horizons according 

to the Unified system. AASHO classification confirmed the two 

sampled C horizons to be nearly identical, while a difference was 

exhibited by the surface horizon. 

According to the Unified system all horizons of Richfield 

silt loam were identical, but again a more silty, less plastic 

surface horizon was revealed by the AASHO system. Examination 

of the horizons of Colby silt loam revealed exactly identical re- 

sults as Corresponding Richfield horizons. Although Richfield 

horizons contained a greater amount of clay than corresponding 

Colby horizons, engineering properties of the two profiles were 

made nearly equal by differences in Atterberg limits. 

Lofton silty clay loam showed the upper B horizon to be 

highly compressible clay according to the Unified system, while 

those horizons above and below had less plastic properties. 

AASHO system showed the two lower horizons to have uniformly 

poor engineering properties, while a very significant difference 

was shown by the surface soil. The Unified system classed the 

lowest horizon as being less plastic than the two above, while 

by the AASHO system no significant difference was noticed from 

the uniformly poor properties. 

Comparison of the Unified classification of all three 

horizons from minimal, modal, and maximal profiles of both Ulysses 

silt loam and Keith silt loam showed no significant difference 

among any of these eighteen horizons. however, again the AASE0 

system has been sufficiently sensitive to detect some minor 
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differences. 

According to this system it was seen that the properties of 

Keith soils show no differences according to the Unified system 

and but minor differences according to the AASHO system, both with- 

in horizons of any profile and among the three profiles. The only 

variation among the AASHO classification of the 9 Keith horizons 

was a maximum difference of 4 in the index numbers, 

The AASHO system showed that minimal Ulysses surface and C 

horizons were somewhat less plastic than the AC horizon. In the 

modal case only the lowest tested horizon displayed less plastic 

properties. In the maximal case all horizons were of nearly 

identical classification, and were essentially the same as all 

Keith horizons and all of the more plastic minimal and modal 

Ulysses horizons. 

A summary of mechanical analysis data, Atterberg limits 

data, and engineering classification, as well as chemical test 

data are given in Table 2. 

Comparison of Study Results with Data of Other Areas 

All of the soil series used in this study are either very 

extensive in extent or have a wide range of occurrence in the 

Great Plains states. Particularly important due to wide areal 

extent are Colby, Ulysses, Keith, and hichfield series. At the 

present time no accurate estimates of acreages are available for 

most of these soils. Leadabrand (32), has stated that Keith 

series in southwestern Nebraska and adjacent parts of Colorado 

and Kansas covers approximately 5.1 million acres. 
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Unfortunately, little laboratory information of engineering 

value is available for these soil series in other states. How- 

ever, some data have been obtained as a result of the cooperative 

sampling and testing program of the Physical Research Division, 

Bureau of Public Roads, Soil Survey, Soil Conservation Service, 

and the various state highway departments for the following soils 

in the indicated areas: 

1. Bridgeport soils in Dundy County, Nebraska. (8) 

2. Ulysses soils in Logan County, Ford County, and Morton 

County, Kansas; and Beaver County, Oklahoma. (13, 9, 14, 6) 

3. Keith soils in Logan County, Kansas; Sharon County, 

South Dakota; Coshen County, dyoming; and Hitchcock, Deuel, 

Dundy, and Kimball Counties, Nebraska. (13, 16, 10, 11, 7, 8, 12) 

4. Richfield soils in Ford and Lorton Counties, Kansas; 

Prowers County, Colorado; and Beaver County, Oklahoma. (9, 14, 

15, 6) 

Comparison of data obtained in this study for Bridgeport 

loam with five profiles tested from Dundy County, Nebraska, 

showed a rather wide variation of the characteristics listed in 

Table 3. However, no one profile or horizon was vastly different 

from any corresponding profile or horizon. Again, with the AASHO 

system used as a guide in determining significant differences, 

all the tested horizons were in either A-6 or A-4 categories, 

always with fairly large index numbers (between 7 and 10). There 

Was particularly close correlation among the AASHO classification 

of the Bridgeport soil of this study and the sample numbers 1 and 

2 in Nebraska. Due to the number of samples taken in Nebraska, 



Table 3. Comparison of properties and classification of 12,ridgeport 
soils in various locations 4/ 

: 

: 

Location : 

: 

Horizon : 

: : : : 

1 % Passing :Liquid:Plasticity:Enineering Glass:Densit 
Depth :#200 Sieve :Limit : Index : AASHO : Unified:(1b ft 

:Moisture 
):Cont (1) 

Bridgeport loam Al & Ap 0-18 72 27 5 A-4(7) CL-ML 
Logan County, C1 18-36 95 36 16 A-6(10) CL-ML 101 20 
Kansas C2 40-46 86 33 13 A-6(9) CL-ML 101 20 

Bridgeport loam A 0-8 62 26 8 A-4(5) CL 115 14 

Dundy County, Bl 8-16 64 29 12 A-6(7) CL 115 15 

Nebraska (No. 1) C1 28-39 78 31 13 A-6(9) CL 116 16 

Bridgeport loam Ap 0-9 67 27 9 A-4(6) CL 114 14 
Dundy County, Bl 9-15 74 31 13 A-6(9) CL 113 16 
Nebraska (No. 2) Cp 28-37 93 A-6(10) CL 110 18 

Bridgeport loam Ap 0-6 92 31 9 A-4(8) ML-CL 109 17 

Dundy County, C2 26.42 93 28 7 A-4(8) ML-CL 112 16 

Nebraska (No. 3) Alb 42-60 92 27 6 A-4(8) ML-CL 112 16 

Bridgeport loam Ap 0.7 71 23 4 A-4(7) ML-CL 116 13 

Dundy County, Cl 19-34 92 30 9 A-4(8) ML-CL 112 16 

Nebraska (No. 4) C3 48-60 92 28 7 A-4(8) ML-CL 112 16 

Bridgeport loam Ap 0-5 90 28 5 A-4(8) ML-CL 108 16 

Dundy County, Cl 11-23 88 26 2 A-4(8) ML 110 16 

Nebraska (No. 5) Ain 35-47 88 26 -3 A-4(8) ML 110 15 

1.1 All data, except from Logan County, from Bureau of ?ublic goads (8). 
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the testing, has revealed the other three samples to be more silty 

in nature, 

Although these are correlated soils, it may be that further 

sampling and testing in other locations may reveal a basic differ- 

ence within Bridgeport soils resulting, in establishment of a new 

series. However, it must be remembered that alluvial soils, be- 

cause of the basic nature of their parent materials, must of 

necessity be allowed a wider range of characteristics than other 

soils; otherwise their classification and delineation would rapid- 

ly become impossibly complex and detailed. 

As previously discussed, all horizons of the three Ulysses 

profiles of this study were classified as A-4 or A-6 and with 

moderately high index numbers according to the AASHO system. The 

same was generally found to be true of both minimal and modal pro- 

files sampled by BPR in Logan and in ford Counties, Kansas and 

modal Ulysses, sample No. 1 in 'iieaver County, Oklahoma. However, 

in sample No. 2 from Beaver County, a variation was noted. The 

profile description made mention of increased clay content with 

increasinF:; depth and a phase of the normal soil is indicated in 

the name: Ulysses silt loam, clayey subsoil. Nearly identical 

classification was observed in corresponding horizons of two pro- 

files sampled in Morton County, Kansas, k'or both these profiles 

the description indicated that they were of modal development. 

However, it was apparent that two profiles had significantly 

different engineering properties from other profiles indicated as 

modal. It is probable that they are also clayey subsoil phases 

of Ulysses. A listing of data of eleven Ulysses soil profiles 
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is given in Table 4. 

Fourteen Keith profiles have been collected and classified 

as to engineering properties by the BPN. in four states. As pre- 

viously discussed, all three horizons from minimal, modal, and max- 

imal profiles in this study received an A-6 AASHO classification. 

The BPH sample No. 2, collected at the same location as the modal 

profile for this study, was of identical classification, as was 

sample No. 1, also described as modal, In the latter two profiles 

the relatively unweathered loessial C horizon was also tested, 

and showed less clayey character according to AASHO classification. 

A "Keith-like" silt loam collected in South Dakota showed classi- 

fication characteristics similar to the previously discussed Keith 

profile. 

One modal Keith profile from 4yoming, three from two Nebraska 

counties, and one minimal profile from Nebraska showed a rather 

significant difference from those previously discussed. In all 

these profiles the A and C horizons were A-4, while the B2 hori- 

zon in all cases were A-6. These data tend to show a basic differ- 

ence in parent material or type of weathering since the A horizons 

have the same engineering properties, reflected in the AASHO classi- 

fication, as all loessial C horizons which were compared. A def- 

inite textural B horizon was indicated by the more plastic prop- 

erty classification. An even more pronounced textural B horizon 

was indicated in profiles from Hitchcock County, (No. 2) and 

Deuel County (No. 3), Nebraska. In both these profiles the A and 

C horizons were placed in the loss plastic A-4 grouping. 

Three profiles of Keith loam and one of Keith fine sandy 



Table 4. Comparison of properties and classification of 
Illysses soils in various locations.i/ 

AIMM=I=br 

Location : Horizon 
: 

: De th 
Passing:Liquid:rlasticity: 

900 Sieve :Limit : index 

: ax. Dry : 

Engineering Class.: Density : 

AASHO unified :(1h/ft3) : 

Optimum 
moisture 
Cont.( ) 

Min.Ulysses S.L. Al 0-8 98 33 10 A-4(8) CL-al, 
Logan County, AC 8-19 99 36 15 A-6(10) CL-ML 
Kansas 30-36 99 32 9 A-4(8) CL-ML 

Mod.Ulysses S.L. Al u Ap 0-5 95 34 11 A-6(8) CL-ML 
Logan County, 621 5-9 93 39 19 A-6(12) CL-ML 101 22 
Kansas BC & BC2 25-48 99 30 5 A-4(8) CL-ML 102 21 

Max. lysses S.L. Al 0-9 99 36 14 A-6(10) CL-ML 
Logan County, B2 9-14 99 40 19 A-6(12) c7,-ML 

Kansas 25-30 99 35 13 A-6(9) 

'An.Ulysses S.L. Al 0-8 98 37 14 A-6(10) ML-CL 101 19 
311( Logan Co., AC 8-18 99 38 14 A-6(10) ML-CL 100 20 
Kansas (No. 1) C 18-60 100 35 10 A-6(8) ;1,-CL 101 21 

Min.Ulysses S.L. Al 0-8 98 35 12 A-6(9) ML-CL 100 18 

Bf Lorlin Co., AC 8-19 98 38 13 A-6(9) ML-CL 98 21 
Kansas (No. 2) C 19-60 100 32 7 A-4(8) ML-CL 102 20 

Ulysses S.L. Al 2-9 79 33 11 A -8(8) CL 103 19 
Ford County, AC 9-17 74 36 13 A-6(9) ML-CL 102 20 
Kansas (No. 1) Coal 17-38 83 34 13 A-6(9) CL 105 18 

Ulysses S.L. Al 0-8 77 34 13 A-6(9) CL 103 18 
Ford County, AC 8-15 80 35 12 A-6(9) ML-CL 101 20 
Kansas (No. 2) Gcal 15-44 76 32 11 A-6(9) CL 104 18 

Mod.Ulysses S.L. Al 0-6 93 40 16 A-6(10) ML ,r.. 97 23 
Dorton County, 132 6-15 96 50 27 A-7-6(12) CL 97 21 
Kansas (No. 1) Gi 32 -54 97 43 19 A-7-6(12) CL 97 19 

Mod.Ulysses Al 0.7 93 35 19 A-6(12) CL 103 18 
Morton County, 32 7-19 98 45 21 A-7-6(13) CL 100 22 
Kansas (No. 2) C1 34-54 99 42 18 A-7-8(12) IL-CL 101 21 

Mod.Ulysses S.L. Al 0-10 82 30 9 A-4(8) AL-CL 
Beaver County, Ac 10-50 88 39 17 A-6(11) CL 
Oklahoma (No. 1) Cca 50-65 85 40 19 A-6(12) CL 

Ulysses S.L. Al 0-9 91 39 14 A-6(10) 1:1,-CL 

Beaver County, B2 9-28 97 51 24 A-7-6(6) =:H -CH 
Oklahoma (No. 2) Cca 
clayey subsoil 

28-40 93 45 20 A-7-6(13) ML-GL 

01111011011111 

All data, except from Lo7an County, from bureau of i'ublic 

Roads (13, 9, 14, 6). 
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loam were compared with previous data to determine the effect of 

texture upon engineering properties and classification. It should 

be recalled, however, that the textural name applies only to the 

surface horizon. It was found that the sandy type profile re- 

flects low plasticity throughout its depth. 

The loam type Keith profiles, all collected in the same 

Nebraska county, represent minimal, modal, and maximal develop- 

ment. Increasing degree of development in the form of a textural 

13 horizon is seen in the AASHO classification of these profiles. 

In each case the A and C horizons had a nonplastic A-4 designation, 

but the B horizons progressed from A-4 to A.7, from nonplastic to 

highly plastic. It is probable that high permeability of the 

loamy surface layers coupled with possible differences in pre- 

cipitation and age are responsible for the clear-cut differences 

in this type of Keith. 

A compilation of selected properties and classification of 

the 17 Keith profile types discussed is given in Table 5. 

i3PR data are available from ten locations for comparison of 

Richfield soils. It may be seen that, with few exceptions, Rich- 

field horizons follow a pattern of AASRO classification in Kansas, 

Colorado, and Oklahoma. This pattern showed the surface horizon 

to have the less plastic A-4 designation while the B and C horizons 

may be either A-6 or A-7. It mij'ht be expected from the amount 

and type of development that Richfield soils have heavy-textured, 

more plastic B horizons, but it is somewhat surprising that the 

C horizons also showed this tendency whereas the C horizons of 

Keith and Ulysses soils many times had A -4 designations on 



Table 5. Comparison of properties and classification of Xeith silt loam 
soils in various locations4/ 

Location 

Min, Keith 
Logan County, 
Kansas 

Mod. Keith 

Logan County, 
Kansas 

Max. Aelth 
Logan County, 
Kansas 

Mod. Keith 
BPR Logan Co., 
Kansas (No. 1) 

Mod. Keith 
Bilk( Logan Co. 
Kansas (No. 2) 

Keith-like S.L. 
Sharon County, 
South Dakota 

Mod. Keith S.L. 
Alluv.Terr, 

Goshen County 

:ax ,Dry :Jptimum 
Passing:Liquld:Plasticity:nrineering Class: Jenclq : oisture 

orizon :oepth:W200 siavo:L1 it : Index : AASHO : Inified:(1bifttD):Cont.(;) 

Alp & Al 
132 
83 

Ali, A1p2, 
Al 
821 
82ca 

Al 

32 
33bl 

Ap Al 

821 
822 
C 

A Al 

1-'21 

822 

Ap 

22-3 

Cca 

A11 0 Al2 
B2 
C1 or Gca 

C 

Mod. Keith S.L. Alp & 
321 
Cca & 

Hitchcock Count 
Nebraska (No. 1) 

Keith S.L. Alp & 
iiitchcock County, 1321 622 
Nebraska (No. 2) Cca 
heavy subsoil 

Al2 
B22 

Al2 

Modal Aeith S.L. 
Deuel County, 
Nebraska (No. 1) 

Mod. Keith S.L. 
Deuel County, 
Nebraska (AO. 2) 

Max. Keith 'z1.L. 

Deuel County, 
Nebraska (NO. 3) 

Min. Keith S.L. 
Deuel County, 
Nebraska (No. 4) 

Alp 
.621 

Goa 

Alp 
21 

Cca 

Alp 

Cca 

Alp 

-ca 

Keith Sandy Loam Ap 
Durdy County, Neb. 152 
(Loess-like Cb 
'Tertiary material) 

Min. Keith Loam 
Kimball County, 
Nebraska (No. 1) 

Mod. Keith Loam 
Kimball County, 
Nebraska (No. 2) 

Alp 

321 
C3 

Alp 
1321 

Cca 

Max. Keith Loam Alp 
KLilball County, 821 
Nebraska (No. 3) 62 

0-8 99 35 14 
11-15 99 36 15 
15-34 99 39 16 

0-11 99 35 11 
16-22 99 39 19 
32-42 99 39 19 

0-9 -99 36 14 

17-27 99 39 19 

27-42 99 39 18 

0-11 98 37 12 
15-24 99 40 19 
24-33 99 40 17 
61-76 97 ox. 

,.0 8 

0-11 98 37 14 
16-22 99 38 16 
22-32 99 38 15 

53-70 98 32 9 

0-7 86 33 11 
19-25 ;.) 34 12 
48-65 72 27 6 

0-8 90 :34 10 
8-19 99 34 11 

36-60 93 34 10 

0-9 97 31 8 
9-23 98 37 16 

33-60 98 29 7 

0-14 97 30 10 
14-27 96 42 22 
3-60 97 26 e 

u-6 91 30 0 
6-12 90 38 17 

24-34 90 30 8 

0-6 88 28 6 
6.11 09 34 11 

23-35 88 30 6 

0-8 84 28 c 
., 

13-20 91 41 16 
30-48 92 30 5 

0-6 89 30 5 
6.12 38 '35 12 

12-36 90 30 7 

0-5 42 21 3 
10-18 57 27 6 
42-60 79 27 5 

0-6 80 30 10 
11-17 93 41 17 
41-55 89 26 4 

0-6 78 30 9 
8-14 89 47 24 

20-29 92 32 0 

0-5 40 22 
9-14 48 28 

34-59 46 23 
10 
5. 

j/ All data, except from LicEan County, from LAtreau of l'ublic 

A-6(10) 0L-41, 
A-6(10) CL-ML 
A-6(10) CL-ML 

A-6(8) CL-ML 
A-6(12) GL-ML 101 21 
A-6(12) CL,141, 102 21 

A-6(10) CL-ML 
A-6(12) CL..ML 
A-6(11) 

A-6(9) ML-GL 97 20 
A-6(12) CL 101 19 
A-6(11) CL 99 21 
A-4(6) AL-CL 102 20 

A-6(10) ML-GL 90 20 
A-6(10) CL 101 19 
A-6(10) Z.,-CL 102 18 
A-4(8) ML-G1, 103 18 

A-6(8) ML-CL 
A-6(9) ML-CL 
A-4(7) ML-CL 

A-4(8) 100 20 
A-6(8) 104 19 

A-4(8) 100 22 

A-4(8) ML-CL 104 18 
A-6(10) CL 105 18 
A-4(8) ML-CL 107 18 

A-4(8) CL 107 17 
A-7-6(13) CL 102 21 
A-4(8) ML-CL 109 17 

A-4(8) 108 17 
A-6(11) CL 106 18 
A-4(8) 110 17 

A-4(8) 109 16 
A-6(8) ML-GL 107 18 
A-4(8) AL-C L 109 17 

A-4(8) ML-CL 109 16 
A-7-6(11) ML-CL 101 21 
A-4(8) ML 107 18 

A-4(8) ML 106 17 
A-6(9) 107 18 
A-4(8) ML-CL 108 17 

A-4(1) SM 118 13 
A-4(4) 1L-CL 115 14 
A-4(8) ML-CL 111 16 

A-4(8) CL 108 16 
A-7-6(11) ML-CL 100 21 
A-4(8) AL-CL 106 17 

A-4(8) 108 17 
A-7-6(15) CL 97 21 
A-4(0) ML-CL 103 20 

A-4(1) S1,1-60 120 11 
A-4(3) SC 114 14 
A-4(2) SY-SC 119 13 

(oads (13, 164 10, 11, 7, 8, 12). 

co 
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sixilar loessial parent material. 

There were three exceptions to the A-4 classification of 

the A horizon. These results on profile No. 2 from Beaver County, 

Oklahoma may be explained by the clay loam textural type. They 

may be explained for profile No. 3 from 1- rowers County, Colorado, 

by the presence of a buried B horizon. The B horizon was found to 

be A-7; and the more plastic properties and classification of the 

A horizon was probably due to development of this horizon in ma- 

terial which was the textural 6 horizon of a fossil soil. The 

A-6 designation of the surface layer in profile No. 2 from Horton 

County, Kansas, while designated as silt loam type, is probably 

also due to a buried layer or to an inclusion of a small area of 

a clayey type of profile within a more prevalent area of silt 

loam types. 

Two exceptions to the plastic desinations for C horizons 

were found. In samples lo. 1 and 2 from rrowers, County, Colo- 

rado, the lower-most horizons were found to be A-4 types. In 

both cases, however, the (eneral trend of less plastic surfaces 

with more plastic B horizon classification was followed. 

it was observed that profile No. 1 from Beaver County, 

Oklahoma, while also designated as clay loam type, exhibited 

silty A horizon characteristics whereas sample No. 2 reflected 

its clayey type in its A-6 classification. 

A listing of selected properties and classifications for 

eleven Richfield profiles is given -in Table 6. 



Table 6, Comparison of proportieo and classification of Richfiald 
soils in various locations,1/ 

:ax.,2ry :Optimum 
: % Passing :Liquid:A.asticity:&ngineoring Class:Density :Joisture 

Location : Horizon : Depth 0200 sieve :Limit : Index : AASHO : Unified:(1b ft ):Cont.() 

Richfield A 
- Loan County, b21 c 1-'22 

Kansas Cca 

Richfield AD 
Ford County 1322 
Kansas (No. 1) Cca 

Richfield 
Ford County e22 
Kansas (No. 2) Cca 

Richfield AV- 
orton County, 

Kansas (No. 1) '3ca 
Ci 

Richfield Alp 
Morton County, B2 
Kansas (Ao. 2) Baca 

Cl 

Mod. Richfield Ap 
Prowers County, 921 
Colo. (No. 1) C3 

Mod. Richfield Ap 
Prowers County, 221 
Colo. (No. 2) G7' 

Richfield Ap 
Prowers County, B21 
Colo. (No. 3) C 
(buried B horizon) 

Richfield A- P 
?rowers County, B21 
Colo, (No. 4) 
light textured 32 

Richfield Al 
clay loam 32 

Beaver County C 
Oklahoma (No. 1) 

Richfield Ap 
clay loam 

Beaver County, Cca 
Oklahoma (No. 2) 

0-5 
5-18 

27-36 

0-5 
11-18 
23-43 

0-4 
9-15 

21-40 

3-8 
8-16 

16-28 
35-62 

0-5 
5-14 

14-25 
34-56 

0.3 
6-15 

57-116 

0-4 
7-12 

49-70 

0-4 
6-15 
30-64 

0-6 
8-17 

36-60 

0-10 
10-20 
42-72 

0-10 
10-50 
50-65 

09 
99 
99 

97 
97 
96 

82 
05 
94 

69 
94 
99 
99 

95 
98 
99 
99 

97 
96 
98 

92 
96 
98 

90 
96 
98 

94 
96 
97 

77 
91 
82 

97 
98 
96 

31 
37 
38 

32 
45 
41 

28 
42 
38 

29 
46 
43 
43 

34 
54 
47 
44 

31 
36 
32 

30 
42 

33 

34 
48 
42 

30 
42 
34 

29 
40 
40 

35 
5i3 
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10 
15 
16 

10 
24 
18 

8 
19 
16 

9 
23 
18 
18 

11 
29 
24 
19 

9 
15 
9 

8 

15 
9 

14 
24 
19 

9 
18 
11 

8 
23 
17 

14 
25 
25 

A-4(8) 
A-6(10) 
A-6(10) 

A-4(8) 
A-7-6(15) 
A-7-6(11) 

A-4(8) 
A-7-6(12) 
A-6(11) 

A-4(8) 
A-7-6(15) 
A-7-6(12) 
A-7-6(12) 

A-6(8) 
A-7-6(18) 
A-7-6(15) 
A-7-6(12) 

A-4(8) 
A-6(10) 
A-4(8) 

A-4(8) 
A-7-6(12) 
A-4(8) 

A-6(10) 
A-7-6(15) 
A-7-6(12) 

A-4(8) 
A-7-6(12) 
A-6(3) 

A-4(8) 
A-7-6(16) 
A-6(11) 

A-6(10) 
A-7-6(17) 
A-7-6(16) 

CL.ML 
CL-1L 
CL-L 

ML-CL 
CL 
CL 

CL 
CL 
CL 

CL 
CL 
ML-CL 
ML-CL 

ML-CL 
CH 
CL 
aL-CL 

.ML-CL 
CL 
ML-CL 

L-C.,L 

AL-CL 

CL 
CL 
CL 

U-CL 
MI-GL 
-UL 

CL 
CL 

CL 
MH-CH 
CL 

103 
100 
100 

108 
100 
103 

106 
95 
98 
97 

101 
99 
97 

100 

19 
16 
20 

16 
20 
21 

16 
-24 
21 
21 

18 
23 
21 
21 

Cn1c. loess 

.11 All data, except from Logan County, from 3ureal:k of i'ublic Wads (9 Go 15, 
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Optimum 'Ioisture Content and Maxilum Dry Density 

The optimum moisture content for maximum density was de- 

termined for seven of the previously studied soils mapped in 

Logan County, but only one or two samples incorporating the most 

important horizons were sampled. These data were deterAined pri- 

marily for practical construction use in the following section, 

but have been listed in previously cited tables. They will be 

compared with maximum dry density (standard AA:3HO method) pre- 

dicted by tables in Federal Housing Administration Bulletin No. 

373 (23) and will be briefly compared with BPR data for Bridge- 

port, Keith, and Ulysses series. 

Both saAples of Keith and Ulysses series (modal), and the 

Bridgeport had nearly the same OW and MDD. The values 

found for MDD are just midway between the allowable predicted 

values for ML-CL soils. The Colby sample exhibited a MDD value 

near the upper allowable linit for a ML-CL soil, This soil had 

an OMC a little lower than the other ML-CL soils, but the 

was substantially higher. The reason for this was possibly due 

to the very high calcium carbonate content, which acts to fill 

in voids. 

Dwyer soil exhibited a relatively large MDD and a very low 

OMC as would be expected with a sandy soil (SP-SM). Promise 

clay showed a MDD near the upper limit allowable for CH soils, 

with correspondingly high °MC. 

The two Lofton samples, although of differing Unified classi- 

fications, exhibited very similar values for both MCC and °MC. 
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The upper Lofton sample and the Promise sample, both CH soils, 

had identical UMC values but the M)D value for Promise was greater 

by 10 lb/ft3. It is possible the high Eypsum content of this soil 

served the same function as the calcium carbonate in the Colby 

C horizon. 

A summary of moisture-density data for the soils of this 

study is given in Table 7. BPR data for moisture-density 'pelations 

are available for the fellowin sells of this study: Bridgeport, 

Ulysses, and Keith. These data are shown in Tables 3, 4, and 5 

respectively. 

The Bridgeport soil showed much loss NIA) and slightly higher 

OMC than any of the BM samples. The reason for this deviation 

cannot lie explained on the basis of only one sample from the study 

area. 

The two samples of modal TJlysses from the study area corre- 

sponded very well with both MiD and 0111C values of Ulysses from 

other locations. 

The two samples of modal Keith from Logan County, Kansas, 

exhibited values for IDi) and URIC very similar to those of other 

Keith silt loam profiles found in other locations. 

Summary of 'results and ()onclnsions 

For all three horizons of the fourteen soil profiles of this 

study it was generally found that the USDA textural type assigned 

as a result of laboratory analysis or b field "feel methods" 

closely agreed with the mechanical analyses of this study. 

Several chemical tests were performed upon each of the 
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Table 7. Optimum moisture content for compacting to 
maximum dry density for selected soils and 
depths of Logan County, Kansas soils. 

Soil 

. 

: 

Depth 

I Determined : 

: Standard : 

: AASHO Unit : 

: Dry Weight : 

: (lb/ft3) : 

: 

Optimum : 

;loisture: Unified 
Content : Classi- I 

(") : fication : 

Predicted 
Standard 
AASHO Unit 
Dry Weiht 
(lb/f t ) 

Modal 
Ulysses 7-14 101 22 ML-CL 85-120 

Modal 
Ulysses 20-50 102 21 ML-CL 85-120 

Modal 
Keith 17-41 101 21 ML-CL 85-120 

Modal 
Keith 41-55 103 21 ML-CL 85-120 

Lofton 12-30 94 26 CH 75-105 

Lofton 40-60 96 24 CL 90-120 

Bridgeport 2046 . 101 20 . ML-CL 85-120 

Dwyer 5-40 111 8 SP-SM 100-125 

Colby 20-50 112 17 ML-CL 85-120 

Promise 8-22 104 26 CU 75-105 
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horizons but no correlation with those results and with engin- 

eering properties and classification was apparent, with the pos- 

sible exception of the effect of organic matter content upon 

liquid and plastic lirAt and the resulting classification. 

As explained previously, the AASHO classification system 

results were used, for the purpose of this study, to detect sig- 

nificant engineering property differences between and within pro- 

files. It was found that the three coarse-grained, or sandy soils 

showed great variation in engineering properties both within and 

among profiles. This is due primarily to the segregation and 

layering by wind and water as the coarse parent materials were 

laid down* but also to the effects of soil genesis and accumu- 

lation, removal, transformation, and addition upon sandy materials. 

In the ziore detailed study of Ulysses and Keith silt loam of 

various degrees of development it was found that very little differ- 

ence existed between or within any horizon of either series. Only 

in the surface and C horizons of minimal and modal Ulysses were 

less plastic properties noted. There were no detected differences 

within or among Keith profiles, 

Results of the characterization of the other loessial series, 

Colby and Richfield, as well as of the alluvial Bridgeport, re- 

vealed close similarity among series and similarity to both 

Ulysses and Keith, Close correlation w z s found between the 

clayey nature and the classification of Promise and Lofton series. 

As a result of data obtained, for the county under study it 

was concluded that the basic nature of pedologic classification 

was reaffirmed in the light of present classification methods to 
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meet engineering needs. On the basis of the somewhat limited 

data, it would appear that all the tested loessial profiles were 

of a quite similar engineering character. It was further con- 

cluded that areas designated as either Keith or Ulysses on the 

soil survey map need not be further delineated as to degree of 

development. It is assumed that the same would be true of the 

other loessial soils. 

Even though differences existed in surface and C horizons of 

minimal and modal Ulysses profiles* the difference in the surface 

is not considered to be important since this layer is thin and of 

little real importance in construction and is often discarded or 

buried beneath deeper layer. More study is needed to reach def- 

inite conclusions about the i:iiportance of the difference between 

BC and C horizons of modal and minimal Ulysses and C horizons of 

other loessial horizons. 

It may be assumed that other profiles of Lofton and Fromise 

series would not greatly differ from the results of this study. 

It is stressed that the classifications of the three sandy series 

may serve as a guide to engineering properties only* for their 

variability within profiles sugests that their properties may 

extend over a range just as depths and thicknesses of horizons 

were found to vary somewhat in field mapping operations. 

Moisture-density value determinations for selected horizons 

of selected soils of the study area showed maximum dry density 

values within the ranges allowable for their Unified classifi- 

cation. MDD and OMC values obtained in other locations agreed 

closely with the results of this study* but values for 3ridgeport 
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in the study did not agree with the mean found in other areas 

because of the basic nature of the coil, 

SOIL ENGINEERING GUIDE FO- A74,N COUNTY, KANSAS 

General Information and Geography 

Logan County is located along the Smoky Hill River breaks in 

western Kansas, and is in the third tier of counties south of the 

north border of Kansas and is the second county east of the west 

border, as shown in the location map, klure 1. Logan County con- 

tains 30 townships from T. 11 S. to T. 15 S., and from k. 32 W. 

to H. 37 '4,, and has an area of 1,073 square miles. The county is 

made up of two natural physiographic areas according to Fly (27). 

lands Smoky Hill River and Butte Creek 

are parts of the area known as the "West Kansas Breaks and Canyon 

Section of the Breaks and Loess-bedrock Plains". The smooth, 

nearly level area of deep soils along the northeast part of the 

county and in the southwest corner are a part of the "Moist Semi- 

arid tiardiands Section of the Colorado-Kansas Central High Plains". 

According to Fenneman (25), most of Logan County is in the 

High Plains section of the Great Plains province, but the eastern 

part falls within the Plains Border section of the same province. 

The topography of the county little resembles the flat, almost 

featureless plains characteristic of the counties adjacent on the 

north and south. According to Sikleberry, et al (22) the county 

is characterized by gently rolling, divides with steeply sloping 

topography adjacent to the smaller drainageways. Near the Smoky 



CHEYENNE RAWLINS DECATUR NORTON PHILLIPS SMITH 

SHERMAN THOMAS SHERIDA47 

___-----"-r-11------: 

GRAHAM ROOKS OSBORNE-A. 

WALLACE 

GREELEY 

LOGAN 

WICHITA 

COVE THE GO ELLIS RUSSELL 

JEWELLREPUBLIC 

CLO 

IITCHELL 

OT AWA 

LINCOLN 

ELLS WORTH 

SCOTT LANE NESS RUSH BARTON 

RICE 

SALINE 

1 

WASIIINGTON MARSHALL NEMAH A 

etAv RILEY POTTA- 
WATOM1E 

BROWN DONWHAN 

DICKINSO 

GEARY 
JMORRIS 

'Melt.,3ERSON MARION 

HARVEY 

MEADE CLARK 

KINGMAN 

HARPER 

WABAUNSEE 

CHASE 

LYON 

BUTLER 

EDGWICK 

GREENWOOD 

COFFEY 
ANDERSON LINN- 

WOODSONA-LLEN 

SUMNER COW LEY 

ELK 

ILSON NEIOSHO 

BOURBON 

CRAWFORD 

Figure 1. Location map of Logan County, Kansas 

CHAUTAUQUA 

MONT- 
GOM RY 

LABETTE 
CHEROKEE 



58 

Hill laver and along its lar,;er tributaries, the .elopes are quite 

steep and the topography is rough and broken. The soils of the 

upland areas are formed from the weathering of aeolian silts, or 

loess. The soils along the steep elopes and rough areas are de- 

rived chiefly from the weathering of outwash silts and clays from 

the Ogallala and Pierre formations and from chalk from the Smoky 

Hill member of the Niobrara formation. 

The largest streams in the county are the Smoky Hill River 

and its tributaries: Chalk, Twin :butte, Hackberry, and Turtle 

Creeks, and the North Fork of the Smoky hill River. All streams 

flow eastward and southeastward at gradients ranging from 14 to 

24 feet per mile according to Johnson (36). 

The upland plain area, constituting about 35 per cent of 

the total area of the county, is underlain by Tertiary rocks and 

slopes slightly south of east from a maxinum altitude in Logan 

County of 3,550 feet to a minimum of 3,000 feet. It includes an 

area in the northern part of the county that is 15 miles wide at 

the northeastern corner and tapers to a few miles wide at the 

northwestern corner of the county. Smaller segments of the up- 

land plain comprise the far southern corner of the county, be- 

tween. Butte and Chalk Creeks, and a narrow strip along the 

southern border of the county. 

River flood plains have a small area in Logan County, most 

of which are along the Smoky Hill River. Intermediate between 

the flood plain and the upland plain, dissected surfaces slope 

gradually to the main valley. Anor tributaries separated from 

one another by stee P valley slopes and rolling divides form belts 
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which are wider on the north side of the Smoky Hill River and 

Chalk and Twin butte Creeks than on the south side of these 

streams. 

Cliffs, buttes, and deep, narrow cenyons have been cut from 

rock exposures of Cretaceous chalk of the Niobrara formation along 

Smoky Hill Valley slopes. In the southeastern corner similar eros- 

ion has taken place in the cemented beds of the Ogallala formation. 

According to Johnson (6) the average discharge of the Smoky 

Hill River at iilkader is 57.3 cubic feet per second for the 13 

years of record, 1939 to 1952. Maximum discharge during this time 

was 19,700 cfs on June 11, 1951, During prolonged hot, dry periods 

there is often very little or no flow in the channel. 

johnson(36), quoting, the 1250 U. S, Census, stated that Logan 

County had a population of 4,206; with 2,731 living in the seven 

towns of the county. The population density was 3.9 inhabitants 

per square mile, compared with an average of 24.4 for the state. 

The main highways, county roads, streams, and towns of the 

county are shown in Figure 2, while in 'iEure 3 is presented a 

block diagram.showing relative relief and drainage, 

Climate 

The climate of Logan County is semiarid and characterized by 

abundant sunshine, moderate to low precipitation, considerable 

wind, low humidity and a 11101 rate of evaporation. Eikleberry, 

et al (22) quoting U. S. ieather Bureau records stated the mean 

annual teillperature was 54 degrees, absolute maxirum was 111 de- 

grees, the absolute mini sum was .24 degrees. The mean annual 
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precipitation was 19 inches, varying from a maximum of 12 inches 

to a minimum of 3.3 Inches. Seventy-six per cent of the precip- 

itation comes during the averaF!'e 164 day frost-free period from 

May through September. 

'leather stations in Logan County and type of measurements 

made are as follows: 

Oakley PrecipitatLon and temperature 
Winona Precipitation 
Mussel Springs precipitation and temperature 
Elkader Precipitation 

Climate information of greatest use to engineers includes 

monthly and annual means of temperature and precipitation and 

freeze data. These are given for two stations, Oakley in Logan 

County and Leoti in Wichita County in Tables 8 and 9, from data 

by Robb (45), The only data available in Logan County are from 

Oakley. Leoti data are given as being more representative of the 

climate in southwestern and southern Logan County. iichita County 

adjoins Logan County on the south. 

Information regarding rainfall intensity, duration, and fre- 

quency, of value to conservation and hydrologic enFineers, is un- 

available for Logan County. However, Flora (26) has stated that 

the greatest amount of precipitation in 24 hours at Oakley for 

years of record 1920 to 1945 was 4.52 inches on April 17-18, 1942. 

Geology 

The rocks exposed in Logan County range in age from Late 

Cretaceous to Recent. The oldest rocks, occurring in the eastern 

and central parts of the county along the valley of the Smoky hill 
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Table B. Temperature enl preci-citation data for Leoti, 
Wichita County, Kansas, and Oakley, Logan 
County, Kansas (averces for period 1931-1955. 
(45) 

Leoti, Kansas Oakley, Kansas 
Month :Temperature:Precipitation:Temperaturearecipitation 

January 29.9 .43 305 .54 
iebruary 34.0 .45 34.3 .55 
March 40.4 .95 40.8 1.29 
April 51.7 1.87 52.2 2.09 
May 61.3 2.87 61.4 2.93 
June 72.1 3.08 72.1 3.49 
July 78.5 2.28 , 78.7 3.10 
August 76.8 2.34 77.2 2.45 
September 68.3 1.14 66.7 1.42 
October 55.8 .95 56.8 1.10 
November 40.5 .66 41.5 .67 
December 32.31 .42 31.1 .53 

Annual Mean 53.5 17.44 53.9 20.16 



Table 9. Freeze data for Leoti (41ohita County) and Oakley (Loan County), Kansas. 

: Freeze :Mean Data of:Mean Date of:ean Days:Years of: Number of :Years of: Number of 
Town : Threshold :Last Spring : First Fall :1etween :Record--:Occurrences:Record--:Occurrences 

:Temraturee_EEP'xk.ost:Dates:Srin:in Spring : all in jail 

Leoti 32 05-03 10-07 157 29 29 29 29 
28 04-24 10-18 179 29 29 30 30 
24 04-09 10-27 201 29 29 30 30 
20 04-02 11-04 216 29 29 30 30 
16 03-26 11-12 230 27 27 30 30 

Oakley 32 
28 
24 
20 
16 

05-05 
04-19 
04-08 
03-31 
03-25 

10-11 
10-20 
10-28 
11-07 
11-14 

159 
184 
203 
221 
235 

28 
29 
29 
29 
29 

28 
29 
29 
29 
29 

30 
29 
30 
30 
29 

30 
29 
30 
30 
29 
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River, aro of the 1:loky Hill chalk member of the :lobrara for- 

mation. The Pierre shale overlies the Niobrara formation and 

its lar7est outcrop is in the western, and northwestern parts of 

the county. The Ogallala formation, Of Pliocene age, unconform. 

ably overlies the rierre and JAiobrara formatians except in the 

nuoky Hill Valley, where it has entirely disappeared due to 

erosion. The Ogallala crops out over much of the county along 

stream valleys and at the edges of the upland plains. These 

plains in turn are mantled by loess of the fandborn Group. 

Colluvial deposits derived from loess and chalk are extensive 

on the steeper slopes in the rnoky Hill valley and its tributary 

valleys. Pleistocene sand and gravel also occur here. Small 

areas of dune sand and alluvium in i:urtle Creek and Smoky Hill 

valleys are the younest deposits in the county. 

Although the oldest formation exposed in Logan County is the 

Niobrara, Johnson (36) stated that oil and gas test well loz,s re- 

vealed that this formation is underlain by older sedimentary rocks 

of Mesozoic and Paleozoic age, which in turn rest upon crystalline 

rocks of rrecambrian ace. Logs show that the county is underlain 

by at least 4,500 feet of Paleozoic sedimentary rocks. 

During Atrly and Middle Cambrian time the county was above 

sea level, but with the coming of Late Cambrian time an interior 

sea advanced over the area, to persist through Ordovician time. 

Deposition of extensive calcareous sediments occurred through 

this submergence, 

No rocks of Silurian or 3evonian age are known to underlie 

the county, but during iearly 'idississippian time limestone and 



shale were deposited as they were during Pennsylvanian time. 

Alternating submergence and emergence during early Permian time 

was accompanied with deposition of rocks. Part of these Permian 

formations and any Triassic rocks were eroded away before depo- 

sition of Jurassic rocks. Marine conditions and depositions con- 

tinued through Cretaceous time. .curing early Tertiary Period ex- 

tensive uplift occurred in the Rocky Mountain area causing depo- 

sition on Logan County of complex beds of gravel, sand, silt, and 

clay. 

These deposits filled old stream beds and spread across the 

divides, Sarly Pleistocene deposits consisted of silt and sandy 

clay along and above the present Limoky Hill Valley. Later ileis. 

tocene deposits consisted of a thick mantle of wind-blown silt. 

A graphic presentation of the more important geologic for- 

mations of the county has been given in figure 4. 

Soils 

A total of 32 soil series or mapping units are found in Lo- 

gan County, A complete listing of these, along with acreages and 

percentages is given in Table 10. Profile descriptions of the 14 

soils studied extensively in this study are found at the end of 

this section. No detailed soil profile descriptions have been 

presented for the 22 soils recognized in Logan County which were 

not extensively studied. 

With the description of the morphology of each series is 

found the exact legal description of the location where it was 

collected, and other pertinent data concerning range of 
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Table 10. Approximate acreage and proportionate extent of 
the soils mapped in Ltk;an County, Kansas. (4) 

Soil 
Area 
Acres 

axtenf-- 
Per cent 

Active dunes 
Alluvial land 
Berra silt loam 
Bridgeport loam 
Colby slit loam, 3 to 5 per cent slopes 

124 
7,485 
7,195 

11,941 
1,509 

(1) 
1.1 
1.1 
1.7 
.2 

Colby silt loam, 5 to 12 per cent slopes 68,094 9.9 
Dwyer loamy fine sand 1,464 .2 

Elkader silt loam, 0 to 1 per cent slopes 1,179 .2 

iakader silt loam, 1 to 3 per cent slopes 5,053 
.8 Elkader silt loam, 3 to 5 per cent slopes 8,652 1.3 

Elkader silt loam, 5 to 12 per cent slopes 
Gravelly broken land 

9,861 
3,398 

1.4 
.5 

Keith silt loam, 0 to 1 per cent slopes 133,583 19.5 
Leith silt loam, 1 to 3 per cent slopes 12,303 1.8 
Las loam 2,282 .3 

Las Animas sandy loam 2,054 .3 

Likes loamy sand 541 (1) 
Lincoln soils 2,360 .3 
Lismas clay 10,673 1.6 
Loamy broken land 10,121 1.5 

Lofton silty clay loam 913 .1 

Lubbock silt loam 1,393 .2 

Manter fine sandy loam, 1 to 3 per cent slopes 1,097 .2 

Manter fine sandy loam, 3 to 5 per cent slopes 509 (1) 

Nio silt loam 16,775 2.5 

Oelrichs silty clay loam 1,356 .2 

Orman clay 1,005 .1 

Otero fine sandy loam 3,539 .5 

cotter soils 8,539 1.3 
Promise clay, 1 to 3 per cent slopes 790 .1 

Promise clay, 3 to 5 per cent slopes 533 (1) 

Randall clay 1,088 .2 

Richfield silt loam, 0 to 1 per cent slopes 11,313 1.6 

Rough broken land, Nio material 2,151 .3 

Sweetwater clay loam 263 (1) 

(continued on next page) 
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Table 10. (continued) 

Ulysses silt loam, 0 to 1 per cent slopes 97,193 14.2 
Ulysses silt loam, 1 to 3 per cent rA.opes 148,072 21.6 
Ulysses silt loam, 3 to 5 per cent slopes 43,954 6.4 
Ulysses silt loam, 3 to 5 per cent slopes, 

eroded 8,380 1.2 
Ulysses silt loam., 5 to 12 per cent slopes 

eroded 2,520 .4 

1ysses silt loam, 5 to 12 per cent slopes 25,924 1.8 

\,olin silt loam 3,677 6 
Volin-Solonetz Complex 329 (1) 

,4eskan silt loam 2,613 .4 

Sub-total 683,798 D9.60 

Other areas, not mapped in detail 2,022 .4 

Total 686,720 100.0 

(1) Less than 0.1 per cent 
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characteristics, physiography of soil location, drainage, re- 

lation to other soils, and other facts. Figure 2 may be referred 

to when locating exact points of occurrence and sampling. 

In order to help persons unfamiliar with the soils of Logan 

County to lain insight into their topography and relation to other 

soils, seven aerial photographs have been presented in Plates 1 

through 7. These photographs have been taken directly from field 

mapping sheets prepared by the Soil Conservation E'ervice and each 

shows two sections, 2 square miles (1,280 acres), at a scale of 

4 inches per mlle. The legal description and significance of each 

photograph, including symbols, is found for each photograph on 

its facing sheet. 

For the ten soil series of this study 39 engineering factors 

and uses have been interpreted from determined properties and 

classification in Tables 11 through 14; pertaining to roads and 

airfields, embankments and foundations, agriculture engineering 

and conservation, and to disturbed soils at residentail building 

sites, respectively. It is felt that the column headings of the 

uses being evaluated are self-explanatory. 

It is warned that the names of the soils given are not 

necessarily the correlated names, and these could be changed as 

more is learned about these soils in other areas. The names will 

become final with publication of the Logan County soil survey re- 

port or with final correlation by the Soil Conservation Service. 

It is not intended that this report will eliminate the need 

for on-site sampling and testing for design, construction, and 

maintenance of specific engineering works. Rather, the inter- 

pretations in this guide and the soil survey report for Logan 
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County should be used priLlarily in planning more detailed field, 

and perhaps laboratory, investigatLons to determine the properties 

and characteristics of the soil at the proposed site of the en- 

gineering work. 

Even in the case of soils with determined properties and 

classification, the information presented herein should be used 

only as a guide of general conditions and to aid the engineer 

in gaining knowledge of the general sorts of soils and soil 

properties with which he will be dealing. 

Interpretations have been made for the various soils directly 

from the published guides and standards referred to in a previous 

section. In the case of estimating properties for disturbed soils 

at residential sites from the Unified classification one change 

has been made. Federal Housing Administration has used a numer- 

ical notation, 1 through 15, 1 being used for the group or groups 

considered most desirable, while higher number:: up to 15 indicate 

desirability decreasing with magnitude of the numbers. For the 

purposes of this guide, the FHA numbers have been divided into 

the following groups: 

1.3 Excellent 
4-6 Good 
7-9 Fair 
1012 Poor 
13-15 Very poor or not suitable (NS) 

Lore specific information concerning any of the soils of 

Logan County may be found in the SOS soil survey report (4). 

Figures 3 and 4, Table 10, and the seven following plates 

were provided by the Soil Conservation Service and full credit 

is due this agency for all drawing, mapping, photography, and 

calculations. 



EXPLANATION O tLATz 

.:-Actions 7 and 8, £ 14 S, L 36 W. 

Keith silt loam 1,;...44 found on nearly level 
(0-1; slope) up .and positions in this instance, 
found associated with .Lanter fine sandy loam, 
S5B, on long, narrow convex ridges which slope 
from 2 to 3. 





EXPLANATION OF PLATE II 

S Sections 35 and 36, T 13 S, R 34 W, and 
N Sections 1 and 2, T 14 S, R 34 W. 

Dwyer loamy fine sand, L6-X, formed in wind re- 
worked calcareous sand above the flood plain of 
the Smoky Hill River and extending to upland 
positions; associated with Colby silt loam, M41-D. 

A band of Lincoln loamy sand, 4L7, is shown on 
the level flood plain adjacent to, and north of, 
the river. To the south of the river is seen a 
small area of Rough broken land, Nio material, 
5N, consisting of deep canyons and steep bluffs 
eroded in Niobrara chalk, Smoky Hill member. 





EXPLANATION OF PLATE III 

Sections 1 and 2, T 12 So R 34 W. 

Nearly featureless expanses of Keith silt loam, M4-A, 
typical of northern portions of Logan County. 

An approximately ten acre area of Lofton silty clay 
loam, Int, (intermittent lake), is shown surrounded 
by a slightly sloping band of Ulysses silt loam, 
M43-B, Smaller depressions of Lofton of less than 
five acres are indicated by diamonds. 





EXPLANATION OF PLATE IV 

Sections 5 and 6, T 15 S, R 35 W. 

Extensive areas of Terra silt loam, M47-C and M47-D, 
are shown formed on colluvial-alluvial slopes beloe 
Nio soils, 4N and chalk outcrops. 

An area of Lismas clay, 5K, is shown in typical 
position on narrow, steep drainageways cut into 
Pierre shale exposures. 





2aPLANATION PLATE V 

Sections 1 and 2, T 13 Sp R 36 . 

A large level area of Ulysses silt loam is shown 
to the right, while to the left are associated 
areas of Ulysses on steeper slopes, 143-0 and 
M43-C-3, and Colby, M41-D, slope to the Smoky Hill 
River, a short distance to the south. 

Also in the steeper area are found Loamy broken 
land, 4L, and Gravelly broken land, S6-D, with the 
small drainage bottoms mapped as loamy Alluvial 
land, 1M42. 

Bridgeport loam, 11132, is shown mapped on a low 
terrace just north of the river channel. 





EXHANATION OF HATE VI 

Sections 15 and 16, T 14 S, R 34 W. 

A typical association of Ulysses silt loam, M43-A 
and M43-13, and Colby silt loam, M41-D, as found 
extensively in the eastern part of Logan County 
south of the river* 





EXPLANATION OF PLATE VII 

Sections 19 and 20, T 12 S, H 36 W. 

Lismas clay, 5K, is shown on Pierre shale outcroppings 
cut by many small drainageways. Associated with this 
unit is Promise clay, H2-Bo occurring on smoother, 
Concave slopes. 

To the left are found Ulysses and Colby soils with 
uelrichs silty clay loam, F3-A, on nearly level mix- 
tures of Pierre clays and loess. 

The stream transversing section 20 is the North Fork 
of the Smoky Hill iiiver. To the south are steep 
slopes on Pierre formation, while to the north are 
mapped several complex units of alluvial soils. 





Table 11. ']valuation of factors pertaining to roads snd airfields bsse,J_ upon 
Unified classification and determined characteristics. 

: Value as : Value as a : 

: Unified: Foundation :Base Directly: Potential :Compressibility: 

Soil : Classi-:when not Subject: Under : Frost : and : Drainage 

:fication: to Trost Action: 3itu, Inous : Action : Focpansion : Characteristics 
: : Pavement : 

Bridgeport ML -CL 

Colby 

Dwyer 

Keith 

Likes 

Lofton 

Manter 

Promise 

Richfield 

ML-CL 

SP ai.W 

SP 

CL 

SC-SM 

CL 

ML -C L 

Ulysses ML-CL 

tair to poor 

rair to poor 

iair to mood 

Fair to poor 

Fair to rood 

Fair to poor 

air to good 

lair to poor 

air to poor 

!air to poor 

NS 

AS 

Poor to 

NS 

Poor to NS 

Medium to 
very high 

.edium to 
very high 

None to 
slight 

Medium to 
very high 

Sone to 
very slight 

Fair to }Poor Meium to 
high 

NS Slight to 
high 

Fair to poor Medium to 
high 

NS medium to 
very high 

medium to 
very high 

sli ht to 
medium 

g1irht to 
medium 

very sliijlt 

slid lt to 
medium 

almo-t none 

medium 

slight to 
medium 

medium 

sliht to 
medium 

slight to 
medium 

Fair to poor 

Fair to poor 

&xcellent to 
fair 

Fair to poor 

Excellent 

Nearly im- 
pervious 

Fair to very 
poor 

nearly im- 
pervious 

Fair to poor 

Fair to poor 

Compaction :Dry Unit: Field :Subgrade:Suitability:Saitability: 
: . equipment : 4eight : C.B.R :Modulus :as a Source:as a Source: 
: .,eeded :(1b/ft3):(1b/fto) :(1b/ft3): of Topsoil: of Sand : 

:or Gravel : 

rubber tired, 101* 5-15 100 -200 Poor NS 

sheepsfoot 

rubber tired, 112* 5-15 100.200 Poor NS 

sheepsfoot 

crawler tractor, 111* 10-40 200-300 Poor Good 
rubber tired, 
sheepsfoot 

rubber tired, 103* 5-15 100-200 Good Good 

sheepsfoot 

crawler tractor, 115 10-25 200-300 Poor NS 

rubber tired 

rubber tired, 95* 5-15 100-200 oor NS 

sheepsfoot 

rubber tired, 115 10-20 200-300 Poor Good 

sheepsfoot 

rubber tired, 104* 5-15 100-200 Poor NS 

sheepsfoot 

rubber tired, 105 5-15 100-200 Food NS 

sheepsfoot 

rubber tired, 102* 5-15 100-200 Fair NS 

shee sfoot 

* maximum dry density determined in laboratory (see Table 7). 
WS - Not Suitable 



Table 12. Evaluation of factors pertaining to embankments and foundations based 
upon Unified classification and determined characteristics. 

Soil 

Bridgeport 

Colby 

Dwyer 

Keith 

Likes 

Lofton 

Manter 

Promise 

Richfield 

Ulysses 

. : : Value : _V . . . 

:Unified :AASHO : for :Permeabnity:Compaction: Value for : 

: Class.:Class.:Embankments: (cm sec) :Character.:Foundations: 

- 
ML-CL A-6 Poor to fair K =104 -10 

-7 
Good to good to 

stability fair poor 

ML-CL A-6 PoOr to fair K10 -4 -10 -7 Good to good to 
stability fair poor 

SP-Sid A.3 Fairly Km10 -3 

stable 

ML-CL A-6 

Good 

Poor to fair Km10 -4 -10 -7 Good to 
stability fair 

SP A-2-4 Fairly K10°3 
stable 

CL A-7-6 Stable 

SC-SM A-4 Fairly 
stable 

Good 

Km10 6 10 -0 Fair to 
good 

Fs8106. 10'7 Good to 
fair 

CL A-7-6 Stable Kale-6.10-8 Pair to 
good 

ML-CL A-6 Poor to fair Km10-4-10-7 Good to 
stability fair 

Poor to fair K10 -4 -10 -7 Good to 
stabilit fair 

ML-CL A-4 

good to 
poor 

good to 
poor 

Requirements 
Por Seepage 
Control 

toe trench to none 

toe trench to none 

upstream blanket & 
toe drain or wells 

toe trench to none 

good to upstream blanket & 
poor toe drain or wells 

good to none 
poor 

good to upstream blanket & 
poor toe drain or wells 

good to 
poor 

good to 
poor 

good to 
oor 

none 

toe trench to none 

toe trench to none 

K is coefficient of permeability in cm/sec; for use in Darcy's equation: V a Ki, where 

V a discharge velocity in cm/sec, and i the dimensionless hydraulic gradient. OD 



Table 13, Evaluation of factors pertainiry to agricultural engineerinr, and conservation 
based upon Unified classification and determined characteristics. 

: Unified : . : . . 
. 
. . 

Soil :Glassifi-:Dikes and:Farm Pond : Pond :Agricultural:Irrigation: and :'Waterways 
: cation : Levees :Reservoirs:i;mbankments: L'rainage : : iversion: 

Bridgeport ML-CL Good Fair Good Good Excellent Fair Fair 

Colby ML-CL Good Good Good Poor Very poor Poor Poor 

Dwyer SP-SM NS NS Poor Good, 
naturally 

Good Poor Good 

Keith ML-CL Good Good Good Fair Good Good Good 

Likes SP NS NE' i:S Good, 
naturally 

Good Poor Good 

Lofton CL Very good Very good Very ood Poor NS NS Good to 
fair 

Manter SC-SM NS NS Poor Good, 
naturally 

Good Poor Good 

Promise CL Very good Very Food Very food Poor NS NS Good 

Richfield ML-CL Good Good Good Fair ' Good Good Good 

Ulysses ML-CL Good Good Good Fair Fair to Good Good 
;rood 



Table 14. Evaluation of factors of disturbed soils pertaining to use at residential 
sites based upon Unified classification and determined characteristics. 

:Un fled : Workabi ity: ompaction: Shearing : Compressi- :Permeability: Lack of 
Soil :Classi- : as a :Character-: Strength t bility : When :Corrosion 

:fication:Construction: istics :;)hen Compacted:Compacted and: Compacted :Potential 
. : Material : : and Saturated: Saturated : 

Bridgeport !!L-CL 

Colby ML-CL 

E to C 

E to G 

Dwyer SP-SM E to G G to F 

Keith ML-CL E to G G F 

Likes SF 
- 

G 

Lofton CL E G 14. 

Manter SC-SM E E to G F 

Promise CL E G F 

Richfield ML-CL E to G 0 F 

Ulysses ML-CL E to G 

E = Excellent 
G a Good 

F m Fair 
P Poor 

VP is Very poor 
NS = Not suitable 

Semi-pervious 

Semi-pervious 

E Pervious to 
semi-pervious 

Semi-pervious 

k Pervious 

Impervious 

Semi-pervious 
to impervious 

Impervious 

Semi-pervious 

Semi pervious 



Table 14. (continued) 

771irsaral:auue as a : as a 
Road . Road : Value as an : Value as a Roadway 

Soil : When Not : Sub-base When:Sub-base ihen: Untreated : with Eurface 
tubject to :Not Subject To: Subject to : Roadway 4earing : Stabilization 
:Frost Action: -,post Action : Brost Action: Surface : with Additives 

: Road Jase 

Bridgeport 

Colby 

Dwyer a to G 

Keith 

Likes 

Lofton 

banter 1/42 

Promise 

Richfield 

Ulysses 

E 0 Excellent 
O a Good 

F Fair 
Y koor 

NS 

NS 

to F 

NS 

E ton 

NS 

G to F 

NS 

NS 

NS 

F to P 

F to P 

F to P 

F to NS 

F to NS 

E 

F to NS 

to G 

F F 0 

F to r F to NS E to G 

F to P F to NS E to G 

E to G 

E to G 

G 

3 to G 

VP Very poor 
NS AN Not suitable 



Table 14. (continued) 

Soil 

Tiaire as a 
Foundation 

: Material for Low 
. Buildings on : 

LS2LnzstedJ111 

a us as a 
: Low Berm : 

: ( 6 ft.) 
: tor SewaFe : 

: Lagoons 

Value as a 
Compacted Lining : 

or Water 
Reservoirs and 

Sewa7e Lapoons : 

: 

Value as a 
Domestic 
VAewage 

Disposal Bed : 

Value as a 
Domestic 

Sewage Disposal 
Bed 

(undisturbed) 

Bridgeport G to F NS E 

Colby G to F CT NS E 

Dwyer G G to NS NS to G E 

Keith G to F G.E NS 

Likes NS NS 

Lofton G NS E 

Man ter G G to E E to G S to NS E 

Promise ES 

Richfield 0 to F ES E 

Ulysses to F C C-E NE 

E a I':xcellent 
G Good 

F Fair 
P a Poor 

VP Very poor 
NS Not suitable 
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Profile Descriptions 

Bridgeport Series 

The Bridgeport series in Logan County consists of light colored, 
deep, medium textured, well drained, calcareous, weakly developed, 
alluvial soils in the Chestnut soil zone. They occur as low ter- 
races and alluvial fans in the Smoky hill River valley; and as al- 
luvial valley sediments in the larger tributaries to the Smoky Eill 
River. They differ from the Las series in being deeper, well 
drained and occupying higher positions in the Smoky Hill River 
Valley. They differ from the Roxbury soils, which occur in simi- 
lar positions, by being, lighter colored; more calcareous in the 
surface layers, and having less evidence of profile development. 
The Bridgeport series is one of the most important alluvial soils 
in Logan County both in extent and productivity. 

Soil Profile: 3ridgeport loam, 1M32), cultivated. 

Alp 0-7" Grayish brown (10YR 5/2) loam, dark grayish brown 
(10YR 3.5/2) when moist; weak fine granular struc- 
ture; slightly hard dry, friable when moist; cal- 

careous; abrupt boundary. 

Al 7-18" Grayish brown (10Th 5/2) heavy loam, dark grayish 
brown (10YR 3.5/2) when moist; weak fine granular 
structure; slightly hard dry, friable when moist; 
calcareous; gradual boundary. 

C1 18-40" Light grayish brown (10YR 6/2.5) loam, grayish 
brown (10YR 4.5/2) when moist; massive, without 
structure, but porous; slightly hard dry, friable 
when moist; calcareous; gradual boundary. 

C2 40m60" Lii,:ht grayish brown (10Th 6/2.5) loam, grayish brown 
(10YR 4.5/2) when moist; massive, without structure, 
porous; dry soft, friable when moist; calcareous 
with few fine crystals of CaSO4 and soft concretions 
of CaCO3; clear boundary. 

Cu 60-70" Very dark grayish brown (10Th 3/2) and grayish brown 
(10YR 5/2) when moist, stratified layers of sandy 
loam and clay loam textures without structure; 
abrupt boundary. 

D 70" Fine sand of the valley. Fill. 

Range in characteristics: The Al horizon will range in texture 
from a heavy loam to light clay loam with loam predominant. It 

will range from 10 to 20 inches in thickness, generally calcareous 
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to the surface but may be noncalcareous to 10 inches in depth. 
The profile is generally uniform in texture but may have some 
slight stratification of sandy loam textures. The profile is 
unmottled to depths of 40 inches or deeper. 

Inclusions: Included within these soils are small areas of Las 
soils (;3173), This inclusion will not exceed 5% of the mapping 
unit. 

Topography: These soils occur on nearly level single slope that 
predominantly loss than Vs: in gradient but may include areas up 
to 2': short, low terrace encarpmente. 

Drainase: surface runoff is medium. Internal soil drainase is 
medium, soil permeability is moderate. The water table normally 
lies between a depth of 6 to 20 feet. 

Vegetation: Asi and short grasses, including blue grama, buffalo- 
grass, western wheatgrass and sideoats grama. 

Use: Jse principally for the production of alfalfa and row crops 
with a:sailer tracts remaining in native grass. 

Distribution: Throughout the county in Smoky Hill hiver valley 
and along Turkey, Ladder, Twin .Sutte, and Chalk creeks. 

Type Location: 100 feet north of established trail through cul- 
tivated fien on quarter line between the SSN-'s and the Si-Si section 
22-T138-R35W. approximately mile southwest of the town of 
Russel Sprints. 

E, L. 3e11/12-18-59 

Colby Series 

The Colby series in Logan County are lisht colored, well drained, 
non-Chermozemic hegosols developed from Seorian loess and other 
physically similar sediments in the Chestnut soil zone. These 
soils occur on strongly sloping convex surfaces. They have 
grayish-brown calcareous silt loam A horizons with friable, cal- 
careous, silt loam. substratums. They differ from the Ulysses 
series in being more weakly developed and having lighter colored, 
more calcareous surface layers and from the Berra series by having 
loessial parent material. These soils occur extensively in the 
south half of Logan County. 

Soil Srofile: Colby silt loam, 5 to 12% slopes, (M41-D), grassland. 

Al 0-5" Grayish brown (10YR 5/2) silt loam, dark grayish 
brown (10YR 4/2) slichtly hard dry, friable when 
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moist, abundant fine roots, calcareous at lower 
limits, clear boundary. 

AC 5.24" Pale brown (10YR 6/3) silt loam, grayish brown 
(10YR 5/215) when moist; weak coarse prismatic 
structure, slightly hard dry, friable when moist, 
ablndant fine roots, few soft lisle concretions, 
strongly calcareous; diffuse boundary. 

C 24" Ve:vy pale brown (10YR 7/3) silt loam, pals brown 
(1)YR 6/2.5) when moist; massive, soft dry, strongly 
calcareous, extending to a. depth of several feet 
in Feorian loess. 

rtanie in characteristics: The A horizon will range from 4" to 
n talc ness, from oam to clay loam in texture with silt 

loam doasinant, with a maximum darkness of 10YR 4.5/2 dry, in vir- 
gin sod. The substratum is predominently silt loam with compound 
weak coarse prismatic and weak fine and medium granular structure, 
with a color range from grayish brown (10Th 6/2) to very pale brown 
(10YR 7/3), dry colors. The maximum limits for these soils is an 
A horizon 4" to 6" in thickness, with at least a portion of the A 
horizon caloareous, and a maximum darkness of 10Th 4,5 value, when 
dry, under virgin sod. 

Inclusions: included within this mapping unit will be areas of 
"Narrow loamy floodplains" (1M42). Some Ulysses soils (M43aD) 
may occur on portions of the lower gradiant slopes and in accumu- 
lation areas. These soils will not exceed 10'. of the mapping unit. 

Topoara hr: These son occur on single, smooth, convex slopes 
and shaped drainageways ranint. from 5 to 12;4 in gradient. 

Drainage and Permeabilit ': -oderate to rapid surface drainage. 
sateep s opes end ow rainfall usually will not permit moisture 
penetration below 3 feet. Permeability is moderate and internal 
drainage is medium to rapid. 

VeFetation: Short a:rasses . predominantly buffalograss and blue 
grama. 

Erosion: Colby, a light-colored Regosol in loess has such weak 
horizonation that no soil character of degree has been found that 
will serve for reliable differentiation of the more eroded areas 
from those little, if any, modified by accelerated erosion. The 

more eroded areas are somewhat less dark in the weak Al than in 
virgin areas, but they are not measurably less dark than the Ap in 
other cultivated areas that are without clear indications of soil 

modification by accelerated erosion. The management needs, potential 
crop production, suitability for use, and capability classification 
are alike for the more eroded areas and the less eroded. 

Use: e..jority of these soils are utilized as native range, however, 

fringe areas, usually skirting drainageways, are being cropped. 
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Distribution: These soils will prevail on D slopes in the western 
and central portions of the county. 

Type Location: 300 feet south of the center of section 25-T14S- 
R34W, in large pasture on smooth slope to the south, gradient of 

E. L. 6e11/12-17-59 

Dwyer eeries 

The Owyer series in Logan County includes dark coloree, coarse 
textured, calcareous tegosols formed in aeolian and wind reworked 
calcareous sand deposits of probable Tertiary origin in the Chest- 
nut soil zone, They are coarser textured then c:tero soil with 
which they may be associated and differ from Tivoli soils in having 
free carbonate in or near the surface. The Lwyer soils are most 
extensive of the moderately coarse and coarse textured soil in 
the county. 

Soil resofilee: Dwyer loam fine sand, (L6X), crassland. 

i3rown (10/it 5/3) loamy fine sand, dark grayish brown 
(lOYR 4/2.5) when moist; sliehtly coherent clods 
breaking easily to 
silts; dry soft; loose when moist; plentiful fine 
roots; weakly calcareous; clear boundary. 

Light yellowish brown (10Th 6/4) fine sands, yellow- 
ish brown (101-a 5.5/4) when moist; structureless 
single grain sands; dry loose, loose when moist; 
plentiful fine roots; calcareous; diffuse boundary. 

Very pale brown (10Th 7/3) fine sands, pale brown 
(10Yh 6,5/3) when moist; structureless single grain 
sands; dry loose, loose when moist; plentiful fine 
roots to 15 inches decreasing to few and fine at 
20 inches; calcareous; sands extending down deeper 
than 60 inches. 

Al 0.5" 

AC 5.12" 

C 12-60" 

lian:e in Characteristics: erincipal variations within these soils 
will be the depth oredarkening in the A and AC horizons and the 
texture of the immediate surface, The depth of A and AC horizon 
will range from 8 to 16 inches with an averaee of 12 inches. The 

immediate surface of these soils may have 3 inches of sandy loam 
texture neer the margin of the delineations where the soils grade 
to heavier textured soils, 

Inclusions: included within these soils will be small areas of 
Otero sandy loam, This inclusion will not exceed 15 of the 

mappine unit. 
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Topography: These soils occur on low hummocky slopes that range 
from 3 to EVA gradient on the sides of humeocks, 

lerainaLe: Surface runoff is slow, internal soil draina;e and soil 
permeability is very rapid. 

Vegetation: under heavy grazine the vegetation is made up of 
sparse stands short and mie grasses with a hieh percentaee of 

crown cover of sagebrush. 

Use: esed. exclusively as rangeland. 

Distribution: These soils occur on hi 01. terrace escarpments above 
the flood plain and in upland positions immediately adjacent to 
the Smoky Hill i.iver throughout the county, 

Type Location: .2 mile south of south end of river bride() across 
the Smoky Hill hiver and ICI feet west in 3E4 section 1-h45 -R34W 
in native pasture. 

E. L. bel1/7-25-59 

Keith eerles 

The Keith series in Logan County coleprises deep, dark, medium 
textured, well developed zonal Chestnut soils formed on calcareous 
silty loess-mantled tablelands of the 11101 Plains. They are more 
advanced in profile development than the Ulysses soils having dis- 
tinct ii horizons and generally noncalcareous to depths of 15 
inches or more. They differ from the Aichfield sells in having 
slightly thicker solums with horizons of lower clay content and 
weaker structure. Keith soils are an extensive and i portant cul- 
tivated upland soil in the county. 

Soil Profile: Keith silt loam, 0 to 1 slopes, (M4-4), cultivated. 

Alp 0-6" Dark grayish-brown (10YR 4/1/5) silt loan, very dark 
grayish-brown (10YR 2.15/2) when moist; weak very fine 
and fine granular structure with lower two inches 
compacted to weak coarse platy breaking to weak fine 
and medium granular structure; dry slightly hard, 
friable when moist; noncalcareous; abrupt boundary. 

Al 6.11" eery dark grayish-brown (10Th 3/1.5) heavy silt 
loam, very dark brown (1CYh 2/2) when moist; moder- 
ate medium granular structure; dry slightly hard, 
friable when moist; noncalcareous; clear boundary. 

A 3 11-17" Very dark grayish-brown (10Yh 3/2) light silty 
clay loam, very dark brown (10YR 2/2) when moist; 
moderate medium granular structure; dry hard, friable 
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when moist; noncalcareous; clear boundary. 

B21 17-21" Dark grayish-brown (10YR 4/2) light silty clay loam, 
very dark grayish-brown (lOYh 3/2) when moist; mod- 
erate medium sub-aneular blocky structure; dry hard, 
firm when moist; clay films thin and patchy; non- 
calcareous; clear boundary. 

BCca 21-41" Grayish-brown (10YR 5.5/2) light silty clay loam, 
dark grayish-brown (10YR 4/2) 'hen moist; moderate 
medium subangular blocky structure; dry hard, firm 
when moist; clay films thin and patchy; calcareous 
:iith lower portion having few fine soft concretions 
of CaCO3; gradual boundary. 

Cca 41-57" Licht Erayish-brown (10YR 6/2.5) heavy silt loam, 
brown (10YR 5/3) when moiJt; weak coarse prismatic 
breakinE to weak leediuel and coarse subangular blocky 
structure; dry slightly hard, friable when moist; 
few fine soft threads of segregated CaCO3; calcar- 
eous; diffuse boundary, 

C 57-70" Very pale brown (10Th 7/2.5) silt loam, brown (10YR 
5/3) when moist; massive, soft, calcareous loess. 

Range in Characteristics: The A horizon is eominaht loam 
averaging 8 inches in thickness with a ranee of 6 to 16 inches. 
The structure of the B horizon varies from weak to moderate, and 
fine to medium subangular blocky with weak medium subangular 
blocky predominating. The range in depth to liae enrichment is 
15 to 30 inches with an average of 18 to 22 Inches. The Keith. 
series will be held to soils with a dark greyish brown dry color 
to more than l inches depth. epth to darkening has preference 
over depth to lime enrichment in mare;inal areas. A3 horizons are 
generally thinner than the profile included in this description 
and often absent in the seuence of horizons. 

Buried horizons of an older soil occur within the solum of the 
present soil, raring in depths of 15-30". Their occurrence is 
unpredictable from visible surface features and apparently un- 
related to the present relief of the land. io attempt has been 
made to separate them as another mapping unit. A profile of Keith 
silt loam, 0-1 (M4-A), with a buried soil horizon; located near 
the southwest corner of Ski section 9, T116, R33W is described 
below: 

A 0.8" Dark grayish-brown (10Th 4/2); very dark grayish- 
P Drown 3/2 sloist) silt loam; weak fine granular; 

dry slightly hard, moist friable; neutral. Clear 
boundary. 

B2 8..19" Grayish-brown (10Th 4.5/2); very dark grayish-brown 



ce 

3/2 moist) light silty clay loam; compound weak fine 
subangular blocky and weak fine granular; dry slight- 
ly hard; moist friable; neutral; abrupt boundary. 

B 2-b 19-40" 
Dark grayish-brown (10YA 4/2; very dark gray 3/1.5 
moist) silty clay loam; moderate medium subanp:ular 
blocky; dry hard, moist friable; pale brown (10YR 
6/2.5 dry) limy coating on surfaces of pods but 
not impregnating peds; stront'/ calcareous; diffuse 
boundary. 

C 40" Light gray (10YR 7/2; pale brown 6/3 moist) silt 
loam; massive; dry soft, moist friable; calcareous 
loessial material. 

Inclusions: Included in these soils will be small areas of M4-B 
which occur as slightly raised knolls and short slopes. This 
inclusion will not exceed areas of Lofton silty clay loam of less 
than 5 acres, shown by spot symbols, will be included and not ex- 
ceed 3c,, of the mapping unit. 

To o_ra'h : This mapping unit is confined to slopes that are 
dominantly and less in ccradient, occurring mainly as broad 
flats and divides between drainaeways within a young and coarse 
textured plains. 

erosion: Accelerated erosion has re oved as much as of the 
original A horizon. In no instances will less than 4 inches of 
A horizon be found. 'And erosion has been Lost activ3 on slijitly 
raised knolls while water erosion has caused sheet erosion on the 
lower ends of slopes exceeding ono quarter mile in length. No 

erosional phase has been recognized. 

Drainage: Surface runoff is medium. Internal soil drainage is 
medium and soil permeability is moderately slow. 

Vegetation: Short grasses, blue grama and buffaloFrass predominate 
with scatterings of western whectgrass. 

Use: Used principally as dryland farming of cash crops with 
winter wheat and grain sorghums as chief crops Frown. 

Distribution: These soils occur on the nearly level slopes on 

the tablelands in northern and extreme southwestern portions of 

the county. 

Type location: 557 feet south and 278 feet east of the NW corner 

of section 36-T11S-R35W, approximately 4 miles east of the town 

of Winona, in cultivated field. 

Remarks: Type location listed above is site of characterization 
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sample Nos. 2-57-Kan-55-2-(1-8); LSL #5894 -5901, July 8, 1957. 

Keith silt loa2.21LcitILI12221114:131. 

The profile horizons are thinner than M4-A with an averae depth 
of 15 to 18 inches to free lime. 2he structural development of 
the Ii horizon is generally weaker. They occur on gently sloping 
slopes with average gradient of 2, and in association with 14-A. 

E. L. Bell 
7/14/59 

Soil type: 
Location: 

Date of sampling: 
Collectors: 

Keith silt loam, minimum profile 
.13 mile east and 100 feet south of the north- 
west corner of section 26-T.128.-R34W. 
June 28, 1961 
0. Bidwell, albert Dell, hichard Davis 

A 1p 0-3" Dark grayish-brown (10Th 4/2; 2.5/2 moist) silt 
loam; plow layer with very weak fine granular 
structure; dry slightly hard, friable when moist; 
noncalcareous; abrupt boundary. 

Al 3-8" Dark grayish-brown (10YR 3.5/2; 2.5/2 moist) weak 
fine granular structure, upper one inch compacted 
from tillage; dry slightly hard, friable when moist; 
noncalcareous; clear boundary. 

A3 8 -11" or -11" Dark grayish-brown (10Yh 3.5/2; 2.5/2 moist) light 
81 silty clay loam or heavy silt loam; moderate fine 

and medium granular structure; dry slightly hard, 
friable when moist; noncalcareous; clear boundary. 

11-15" Dark grayish-brown (10Th 4/2; 3/2 moist); light 
silty clay; weak medium subangular blocky structure 
breaking to moderate medium granular; dry hard, 
moderately firm when moist; weaky and patchy clay 
films on surfaces of subanvular blocky structural 
peds; noncalcareous; clear boundary. 

15-34" Light brownish-gray (10Th 6/2; 5/2 moist) heavy 
silt loam; weak coarse subangular blocky structure; 
dry slightly hard, friable when moist; calcareous 
with few fine threads of segregated CaCO3; r'radual 

boundary. 

C 34-40" Light gray (10YR 6.5/2.5; 6/3 moist) silt loam; 

massive; dry soft, friable when moist; calcareous 
loess. 

Profile described by Elbert dell 



Soil Type: 
Location: 

Date of Sampling: 
Collectors: 
Physiographic Positions: 
Climate: 

Topography: 

Drainage: 
Vegetation: 
Use: 
Sample Numbers: 

0-5" A1,1 
S-59-Kan. 
55-4-1 

56°7" Alp2 
5-59-Kan- 
55-4-1 

7-11" Ai 
S-59.Kan- 
55-4.1 

11-16" A3 

16-22" B21 

22-32" B22 
3-59-Kan. 
55-4-3 

32.42" b 2ca 

42-53" Cca 
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Keith silt loam, Modal profile 
Logan County, Kansas. 557' S and 278' 

of N4 corner Sec. 36, T113, R35W, 4 
miles i of .4inona. 
August 19, 1959 
lbert bell Clarence Call 

Upland, elevation approximately 3300'. 
Average annual precipitation, about 19". 
Annual temperature about 53°. 
Nearly level summit of High Plains 
mantled with loess. Plane surface 
with gradient less than e. 
Well drained. 
1959 wheat stubble, unworked. 
Cultivated land. 
S-59-Kan-55-4-(1-4) for KSHC and b,PH 

Dark-grayish-brown (10YA 4/2 dry; 2.5/2 moist) 
silt loam; weak very fine and fine granular; slight- 
ly hard; friable; noncalcareous; abrupt boundary. 

Dark-grayish-brown (10Yii 4/2 dry; 2.5/2 moist) 
silt loam; weak coarse platy breaking to fine and 
medium granular; slightly hard; friable; noncal- 
careous; abrupt smooth boundary. 

VOry dark-grayish-brown (10YR 3/1.5 dry; 2/2 moist) 
heavy silt loam; moderate medium granular; slightly 
hard; friable; noncalcareous; grades to 

Very dark-grayish brown (10Th 3/1.5 dry; 2.5/2 
moist) light silty clay loam; moderate medium 
granular; hard; friable; noncalcareous; grades to 

Dark-grayish-brown (10Th 4/2 dry; 3/2 moist) light 
silty clay loam heavier than above horizon; moderate 
medium subangular blocky; clay films weak and patchy; 
hard; firm; noncalcareous; grades to 

Urayish-brown (10YR 5.5/2 dry; 4/2 moist) light 
silty clay loam about same as above; moderate medium 
subangular blocky; clay films weak and patchy; 
hard; firm; calcareous; grades to 

Grayish-brown (10Th 5.5/2 dry) light silty clay 
loam; moderate medium subangular blocky; clay films 
weak and patchy; hard; moderately firm; calcareous 
with about aA, of small Soft concretions of CaC0 
grades to 

Light-brownish-gray (10Th 6/2.5 dry; 5/3 moist) 
heavy silt loam; weak medium and coarse subangular 
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blocky; slightly hard; friable; calcareous with 
few small soft concretions and fine threads of CaCO3; 
grades to 

53..70" C Very pale brown (10Yh 7/2.5 dry; 5/3 moist) silt 
S59-Kan- loam; massive; soft; very friable; calcareous. 
55-4-4* 

xcept where moist, the colors refer to dry soil 

Profile described by :;lbert bell 

Soil Type: Keith silt loam, maximum profile 
Location: .1 mile east and 25 feet north of the center 

of section 12, T.11S., R.34".; lt miles north- 
west of Monument, hansas. 

Date of sampling: June 28, 1961 
Collectors: 0, W Bidwell, Albert Bell, ichard Davis 

A 
1. 

0-9" Very dark-grayish-bromn (10YR 3/2; 2/2 moist) silt 
loam; moderate medium and fine granular structure; 
dry slightly hard, friable when moist; noncalcareous; 
clear boundary. 

(101R 3/2; 2/2 moist) 
Bi liht silty clay loam; moderate medium granular 

structure; dry. hard, friable when moist; noncal- 
careous; clear boundary. 

52 17.27" Dark grayish-brown (10Yh 4/2; 3/2 moist) light 
silty clay loam; moderate medium subangular blocky 
structure; clay films weak and patchy; dry hard, 
firm when moist; noncalcareous; clear boundary. 

83b1 27-42" Grayish-brown (1011 5.5/2; 4/2 moist) licjit silty 
clay loam; weak medium subangular blocky structure; 
dry hard, friable when moist; calcareous; gradual 
boundary. 

Cca 42-56" Light browniah-gray (10Th 6/2.5; 5/3 moist) silt 
loam; weak coarse prismatic breaking to weak coarse 
subangular blocky structure; dry slightly hard, 
friable when moist; calcareous with few fine threads 
of CaCO3; diffuse boundary. 

C 56..62" Very pale-brown (10Yh 7/2.5; 6/3 moist) silt loam; 

massive; dry soft, friable when moist; calcareous 
loess. 

Profile described by Elbert Bell 
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Likes Series 

The Likes series in Logan County comprises relatively light colored, 
moderately deep, coarse textured, calcareous, immature, alluvial 
soils that are somewhat excessively drained. They are formed in 
sandy alluvial fans at the termination of upland drainageways 
that empty onto low terrace positions along the Smoky hill River 
Valley. They differ from the Bridgeport series, which occurs in 
similar positions, by being coarser textured throughout. They 
differ from the Las Anirlis series by being coarser textured, gen- 
erally deeper to sands, and occurring in higher positiens In the 
valley. The Likes soils have a very limited occurrence in Logan 
County. 

Soil Profile: Likes loamy sand, (2s5), grassland. 

Al 0-12" Grayish brown (10:th 5/2) loamy sand, dark grayish 
brown (10YR 4/2) when ifloist, weak fine granular 
structure with few single sand grains; dry soft, 
loose when moist; numerous roots; calcareous; 
gradual boundary. 

AC 12-50" Li=ght brownish gray (10YR 6.5/2.5) loamy sand, brown 
(10Th 5/3) when moist; massive with only weak sug- 
gestion of granular structure in the upper portion; 
generally incoherent; few rootlets to 36 inches, 
calcareous; gradual boundary. 

C 50" Loose calcareous sands. 

Range in characteristics: The surface horizon ranges from 7 to 
14 Inches in thickness, is dominant loamy sand with occasional 
light sandy loam. The depth of the profile ranges from 36 to 50 
inches and may be stratified with lenses of sands as sandy loam 
textures. These soils have been confined to profiles that domin- 
antly loamy sand to depths of 36 inches or more. 

To-o rah Nearly level fans and aprons with gradients not ex. 
cee ng h. 

Drainage and Permeability: These soils are somewhat excessively 
drained due to the porous nature of the profile. Surface runoff 
is slow. The internal soil drainage is rapid and the soil per- 
meability is rapid. The watertable normally stands at depths 
greater than 10 feet. 

Vegetation: ibid and short grasses wIt1) considerable ground cover- 
age of sage brush, cactus and yucca. 

bse: itangeland. Small areas have been broken for cultivation 
but abandoned due to the unstable con,ition of the soil, 
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Distribution: These soils have limited and scattered occurrence 

along the south side of the Smoky Hill River. 

Type Location: 300 feet south of the south end of bridae across 

Smoky Hill aiver and .35 mile east in the law4 section 26-T13S-R35W, 
in native pasture. 

E. L. 3(311 

12/30/59 

Lofton Series 

The Lofton series in Logan County consists of dark colored, non- 

calcareous chestnut soil with compacted clay subsoils that occur 

as upland basins or depressional areas within the Chestnut soils 

zone. They differ from the Keith soils, with which they are 

associated, in having much finer textured solums and deeper to 

fine carbonates. The B horizons of the Lofton soils are more 

clayey and more compacted which renders them less permeable than 

the Lubbock soils. 

Soil krofiles: Lofton silty clay loam, (INT.), cultivated. 

Ap 0.5" lark ray (10YA 4/2) heavy silty clay loam, very 
dark gray (10YR 2.5/1) when moist; moderate fine 

granular structure; hard dry, firm when moist; 
slight acid in reaction; abrupt boundary. 

5-8" Dark gray. (10YR 4.5/1) liaht silty clay, very dark 
gray (10YR 2.5/1) when moist; strong fine granular; 

very hard dry; very firm when moist; clay films and 

surface of peds distinct; mottled with reddish 
brown (5YA 4/3) common medium prominent mottling; 
noncalcareous; clear. boundary. 

621 8-20" Gray (10YR 5/1) clay, very dark gray (10Th 3/1) 

when moist; strong medium subangular blocky struc- 

ture; extremely hard dry, extremely firm when moist; 

clay films distinct; mottled with reddish brown 

(5YR 4/3 common medium prominent mottlina; noncal- 

careous; clear boundary). 

622 20 -30" Gray (10 5/1) clay, very dark gray (10YR 3/1) when 

moist, moderate medium subangular blocky structure; 

extremely hard dry, extremely firm when moist; clay 

films distinct; mottled with yellowish brown (10YR 

5/4) few fine faint mottlinas; noncalcareous; grad- 

ual boundary. , 

63 30-43" Gray (10YR 5.5/1) heavy silty clay loam, very dark 

grayish brown (10Th 3.5/2) when moist; weak medium 
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and coarse subangular blocky structure; very hard 
dry, firm when moist; clay films thin and continuous; 
noncalcareous; gradual boundary. 

BC 43-55" Light brownish-gray (10YR 6/2) light silty clay loam, 
dark grayish-brown (10Th 4/2) when moist; weak coarse 
subangular blocky structure approaching massive, 
dry slight hard, friable when moist; clay films weak 
and patchy; noncalcareous diffuse boundary. 

C 55-67" Light gray (10YR 7/2 silt loam, brown (10YR 5/3) 
when moist; massive calcareous loess. 

lange in Characteristics: The A horizon is dominantly noncalcar- 
eous to slightly acid silty clay loam with occasional light silty 
clay texture occurring. Depth to free carbonates will vary from 

40 to 72 inches according to the size of the soil area. They vary 

in size from 100 feet in diameter to 16 surface acres with an aver- 

age of 6 to 8 acres. The smaller areas, less than 5 acres, are 

shown by a spot symbol. 

Topography: These soils occur as roundish slightly depressed 

areas which lie a few inches to a few feet below the surrounding 

soils on the nearby level dish flains uplands flats. 

Drainage and -iermeability: The surface runoff is ponded, internal 

drainase and soil permeability is very. slow. Rainfall often col- 

lects and stands on these soils for several weeks at one time. 

Tillage is frequently impossible at seeding time and planted crops 

often drown out before maturing. ;seeded crops grow to maturity 

and are harvested only during the extreme drier years. 

Vegetation: Mainly annual weeds. 

Use: Use conforms to the land use of adjacent soils with the 

76Tority of the soils in cultivation. 

Distribution: Confined to the nearly level divides and flats 

within the hiEh klains tablelands in the northern and extreme 

southwestern portions of the Loan. 

Type Location: (1) Taken from the center of a depression located 

in the 4 of the SVit section 11-T12S-R34W, in cultivated field. 

Area delineated is approximately 10 acres in size. (2) 580 feet 

north and 475 feet east of the south quarter corner of section 

1.412S-R3440 in cultivated field. Area indicated by symbol is 

approxislately 1.5 acres in size. 

E. L. dell 
6/27/59 
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Mentor '3eries 

The Manter series in Logan couety includes deep, moderately dark 
colored, moderately coarse textured, weakly developed zonal soils 
of the Chestnut o1l Group. They are formed in reworked calcareous 
sandy deposits of Tertiary and Quaternary materials that occur as 
elongated ridges in upland positions. The Manter soils differ from 
Dwyer soil in being finer textured, coherent, and having more evi- 
dence of solum development. The wanter are more uniform texturally, 
leached of lime to greater depths, and have more profile devel- 
opment with incipient 6 horizons when compared to the Otero soils 
which occur on slightly steeper slopes of apparently younger 
materials. The Manter soils are minor in extent, occupying 
approximately 1500 acres in the county. 

Soil Profile: Manter fine sandy loam, 1 to 3% slopes (s5-B), 
cultivated. 

Al 0-6" Dark grayish-brown (10YR 4/2; very dark grayish- 
brown 3/2 moist) sandy loam; weak fine granular; 
dry soft, moist friable; non-calcareous; gradual 
boundary. 

B 
21 

6-14" ark grayish-brown (10Th 3.5/2; very dark brown 
2.5/2 moist) heavy sandy loam; very weak fine gran- 
ular to massive; dry soft, moist friable; very weak 
and patchy clay films; noncalcareous; gradual 
boundary. 

B22 14-26" Dark grayish-brown (IOYR 4/2; very dark grayish- 
brown 3.5/2 moist) heavy sandy loam; massive; dry 
soft, moist very friable; very weak and patchy clay- 
skins; non-calcareous; diffuse boundary. 

C 26" Brown (10YE 5/3; dark brown 3.5/3 moist) sandy loam; 
massive; calcareous. 

Rt-11)7,e in Characteristics: The textures within the solum range from 
heavy sandy loam to heavy loamy sand with incipient B horizons to 

A-AC-0 profiles. The depth to calcareousness varies from 18 to 30 

inches with an averago of 20 inches. 

Inclusions: Included within these soils will be small areas of 
Otero sandy loam and Ulysses silt loam that are too small to de- 

lineate. This inclusion does not exceed 5% of the mapping unit 

Topography: These soils occur chiefly on long narrow convex 

ridges running, in a south and southeastern direction on the south 

side of the Smoky :dill itiver and the North Branch Smoky Hill River. 

These soils occur on slopes with an average gradient of 21 to 3%. 

2a1/2202._Elnl_LILIEILII: Surface runoff is slow. Soil 
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permeability and internal drainaae is rapid. 

Vegetation: slid and tall grasses with some sagebrush and yucca 
plants. 

Use: Use both as rangeland and cropland. 

Distribution: These soils have discontinuous occurrence along 
the south sides of the smoky Hill aiver and its north branch 
throuahout the county. 

Tyye Location: .1 mile north and 100 feet west of east quarter 
corner of section 7.T14S-A364 in cultivated. field. 

i. L. bell 
11/23/59 

Promise aeries 

The Promise series in asogan County comprises deep, dark colored, 
fine textured ae&osols formed in clayey alluvial-colluvial slopes 
below outcroppings of aierre shale in the Chestnut soil zone with- 
in the aiah Plains Region. The soils are uniformly clay through- 
out and may contain moderate amounts of salts below the surface. 
They differ from the Orman soils in having less compacted clayey 
horizons, lesser amounts of free salts and occurring on more 
sloping topography. The aromise soils are relatively inextensive 
in the county. 

Soil Profile: Promise clay, 1 to 3% slopes, (1i2-6), cropland. 

Ap 0.3" brown (10YR 4.5/2) silty clay, very dark grayish- 
brown (10YR 3/2,5) when moist; structureless plow 
sole; very hard when dry, very firm when moist; 
slight calcareous; abrupt boundary. 

Al 3.8" 3rown (10Th 4.5/2) clay, very dark grayish-brown 
(10YR 3/2.5) when moist; moderate medium granular 
structure; very hard dry, very firm when moist; 
thin continuous clay films; sliahtly calcareous; 
clear boundary. 

AC 8-20" Licht yellowish-brown (1Y 5.5/3) clay, olive brown 
(1Y 4.5/4) when moist; weak fine and medium granu- 
lar structure; very hard dry, very firm moist; thin 
patchy clay films to 16 inches; calcareous; clear 
boundary. 

C 2060" . Pale yellows (2.5Y 6.5/3) clay, light olive brown 
(2.5Y 5/4) when moist; massive in structure; ex- 
tremely hard dry, extremely firm when moist; cal- 
careous; mottled with N 8/0, conaton medium prominent 



107 

whitish. rsottlin of ed-psurs salts as threads and 
nests. 

Range in Characteristics: The Al horizon will range from 4 to 8 
inches in thickness and may have a sli47ht olive brown color when 
cultivated. The AC horizon varies from 7 to 15 inches in thickross, 
and may have some common fine prominent mottlings of gypsum salts. 
The C horizon will occur at depths varying from 16 to 24 inches 
and extend down to depths or 4 to 3 feat or more. The C hori- 
zon rests on unweathered Pierre shale on nost colluvial slopes 
or st.rade to loessial-like silt and clays where the soils grades 
into the adjacent loassial uplands. These soils can have consider- 
able variation in the amount and occurrence of mottlinc of gyp- 
siferous salts within the profile. 3alts do not accumulate in 
harmful amounts except in small isolated areas that are indicated 
by the presence of inland salt crass on the native rangeland. 

Inclusions: Included in these soils will be small areas of rIch- 
field salty clay loam that occur on the frinEse areas and isolated 
residual knolls of Lismas clay within the delineations. These in- 
clusions will not exceed 10% of the soils. 

T000fraphy: These soils occur on single smooth and slight con- 
cave slope up .3rA with an average gradient of 2%. 

LE111211E29Ea11E111E121114: 6urface runoff is rapid. Intepnal 
soil drainaye and permeability is very slow. 

Vestation: The principal grasses are western wheat and blue 
zrama with lesser amounts of buffalosrass. Occasional areas of 
inland salt grass are found where salts have accumulated near the 
surface. Switch crass may occur In areas that receive additional 
amounts of water as run in. 

Use: Used principally es rangeland. 'ILen cultivated yields are 
1W and crop failures frequent due to poor plant-soil-moisture re- 
lationships. 

Distribution: The Promise soils occur as a pure mapping unit in 
the vicinity of McAllister and Colluvial slope leading down to the 
North Branch Smoky Hill LO.ver 

Type Location: .2 mile east and .2 iilC north of southwest corner 
of section 18, T12S, f(36, in cultivated field. 

L. ,bell 

7/9/59 
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Richfield series 

The Richfield series in Loan County consists of dark colored, 
moderately fine textured, well developed zonal Chestnut soils 
developed in silty loess that mantles the broad flat tablelands 
in the high Plains Region of Central 4eentern Kansas, They are 
more advanced in development than Ulysses soils having heavier 
textured and more structural developed horizons. They differ 
from leith soils in having generally thinner A horizons that rest 
abruptly on horizons of heavier and stronger structure, with 
generally thinner solums. The Richfield sells in Logan County 
are transitional in morphological characteristics, representing 
the minimal concept of the series, as the grade to the more friable 
Keith and Ulysses soils of the northern Chestnut Soil Zone. They 
are of limited extent in the county, occurrine in the extreme 
southern portion of the county in the eztenoion of the Harrison 
ilats of ';iallace County. Their occurrence in southwestern not 
County represents the most northern extent of nichfield soils in 
northwest :Kansas. 

Soil Profile: Richfield silt loam, 0 to l slopes, (Isc-A), 
cultivated. 

Ap 0-5" Lark grayish-brown (10YR 4/2) :int loam, very dark 
grayish-brown (10YR 3/2) when moist; compacted plow 
layer with lower inches weakly platy structure; 
dry slightly hard, friable when moist; noncalcar- 
eoue, abrupt boundary. 

B21 5.11" Dark grayish-brown (10Th 4.5/2.5) silty clay loam, 
very dark grayish-brown (10Y 3.5/2.5) when moist; 
moderate medium suban ular blocky structure; dry 
hard, firm when moist; clay films thin and continuous 
not cloge7ing open pores; noncalcareous; clear boundary. 

B22 11.18" Grayish-brown (10YR m 5/2) silty clay loam, very dark 
grayish-brown (10YR 3.5/2.5) when moist; compound 
weak medium prismatic breaking to moderately strong 
fine and medium subsewular blocky structure; dry 
very hard, firm when moist; clay films thin and 
continuous with open pores; lower 2 inches becoming 
calcareous; gradual boundary. 

Light brownish-gray (10YR 6/2) silty loam, dark 
grayish-brown (10YR 4.5/2) when moist; weak medium 
subanFular blocky structure; dry slightly hard, 
friable when moist; mottled with N. 8/0 few fine 
prominent etreaks and films of soft segregated 
CaCO3 and 10Th 3/2 few fine distinct very dark 
grayish-brown oranic strains; calcareous; gradual 
boundary. 

62oa 18-27" 
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Uca 27 Light gray (10-LA 6.5/2) silt loa, grayish-brown 
(101-B. 5/2) when moist; weak medium subaneular blocky 
structure; dry slightly hard, friable when moist; 
Aottled with N 8/0 common fine prominent wlitish 
streaks and films of soft segregated CaG03; calcar- 
eous; diffuse boundary. 

C 38.48" LI4ht gray (10Th C.42) silt 1oai, grayish brown 
(10Th 5.5/2) when sioist; massive, friable, calcareous 
loses of probable 4'oorian age. 

Ranee in Characteriscics: Variations are chiefly in thickness of 
so la and degree of pronle development. The A horizon is con- 
sistently silt loam ranging from 4 to 7 inches In thickness. The 
clay content of the B2 horizon ranges from 34 to 38;3 with moder- 
ately strorq fine and medium suban uhr blocky structure rancing 
down to nioderate medium suban,ular blocky structure, The depth 
to lima and lower limits of the 522 horizons ranges from 10 to 
22 inches in depth. Criterion for distinguishing hichfield from 
Xeith and Ulysses soils in the zone of gradation must be based 
primarily on the texture, thickness, and degree of structural 
development of the B2 horizons. The eichfield soils will tend 
to have elihtly browner colored hcrizons but this can not be 
employed as a differentiating characteristic. 

Inclusions: Included within the Richfield soils will be small 
areas of Ulysses silt loam, 0-1:J slopes, (i43-A) and Keith silt 
loam, 0-1;0 slopes, (k14-A). These inclusions will not exceed 152,; 

of the delineated areas. 

Topography: This mapping unit is confined to the nearly level, 
less than 1e; slopes, broad flats on the summit of the Eiss,h klains 
tablelands, 

Drainage: The surface runoff is meAum. The internal soil 
drainage is medium and the soil permeability is moderately slow. 

Vefetation: Short grasses, dominantly blue grama and buffalo- 
grass with small amount of western wheatErass. 

Use: Used principally as dryland farming of cash crops with 
winter wheat, barley, and grain eorghums as the chief crops grown. 

Distribution: hichfield silt loam is confined to ,a relatively 
small acreage in extreme southwestern portion of Logan County. 

Type Location: .15 mile south and 500 feet east of northwest 
corner of section 18.T15S-R574, in cultivated adjoining Wallace 
County. 

E. L. Bell 
7/11/59 
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Ulaases eeries 

The Ulysses series in Logan County coaaprises dark colored, medium 
textured loessial upland soils in the ahestnut Soil Zone that are 
intermediate in profile development between the more developed 
Keith soils and the weaker developed Colby soils. They differ 
from the Colby soil by having incipient a horizons on the flatter 
slopes and being alcareous above 15 inches in depth with a sur- 
face darkenina color of dark grayish brown (10YR 4/2), or darker, 
not exceeding 15 in depth. They differ from the Richfield soils 
that occur on the flat slopes by bavin less clayey 3 horizons of 
weaker structure and aore friable consistence, The Ulysses series 
is the most extensive upland soil in Jan County. 
Soil "arofil s Ulysses silt loam, 0 to slopee, (3143-A) 

cultivated. 

A 
1p 

0.5" Dark grayish brown 10Y a 4/2) silt loam, very dark 
grayish brown (10Ya 3/2) when moist; weak, fine 
ana very fine granular structure; sliahtly hard 
dry, friable when moist; noncalcareous; abrupt 
boundary. 

Al 5-7" Park aTayish brown (1UYA 4/2) silt loaa, very dark 
grayish brown (10Y 2.5/2) when moist; moderate fine 
granular structure; sliahtly hard dry, friable when 
moist; weakly calcareous; clear boundary. 

B2 7-14" Grayish brown (10Th 5/2) liaht silty clay loam, 
very dark grayieh brown (10YR 3.5/2) when moist; 
weak medium subanaular blocky and moderate fine 
aranular structure; hard dry, moderately firm when 
moist; clay film are weak and patchy; calcareous; 
clear boundary. 

ace_ 14-43" Liht ray (10n 7/2.5) silt loam brown (10Th 5/3) 
when moist; weak cores arismatic and aeak co-lase 
subangular blocky structure; soft dry, very friable 
when moist; calcareous with few fine threads of soft 
searegated CaCO3 to a depth. 25 inches; diffuse 
boundary. 

43-65" Light gray (10Yia 7/2.5) silt loam, brown (10YR 5/3) 
when moist; massive without evidence of structure; 
soft, friable, calcareous loos extending down 
several feet. 

Range in Characteristics: The Al horizon ranges from 4 to 10 
Inches in thickness wish an eve/laze of 6 inches; having a textural 
ranae of heavy loam to liaht nity clay loam, with silt loala pre- 

dominant; with a color ranse in value of 10YR 3.5 to 4.5 dry. 
These soils are underlain with a B horizon 3 to 8 inches in 
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thickness of weak subangular blocky structure, and a clay content 
not exceeding 32. Weak b horizons are more prevalent than A-AC-C 
profiles in these soils. These soils have been held to a maximum 
depth of darkening of 15 inches of dark grayish brown (10Yh 4/2) 
or darker. The minimum limits for these soils has been an A hori- 
zon 6 to 8" in thickness, with a dry color not lighter than gray- 
ish brown (10M 5/2) calcareous under cultivation and usually 
non-calcareous to 6 inches under virgin sod. 

Inclusions: Included within this mapping unit are small areas of 
Ulysses silt loam, 1 to 3% slopes, M43-5; and Keith silt loam, 0 
to 1% slopes, These inclusions do not exceed 5 of the 
mappins, unit. 

Topography: These soils occur as smooth single slopes and slightly 
convexed ridges. 

Drainage and Permeability: aurface runoff is medium. The inter- 
nal soil drainwse is medium and soil permeability is moderate. 

Vegetation: The native vegetation is short grasses, predominantly 
buffalograss and blue grama. 

Use: Used mainly for dryland cash crop farming with winter wheat 
and grain sorghums the principal crops. 

Distribution: Throughout most of the county except on the high 
plains flats in the northeastern portion of the county4 

ae locations: 653 feet east and 233 feet south of the west 
quarter corner of section 36.T12S-h35, 7 miles southeast of the 
town of Anona. 

hemarks: Type location listed above is site of characterization 
sample Nos. S-57-Kan.55-3-(1-7); L31, i5902-5908, July 8, 1957. 

Ulysses silt loam, 1 to 3% slopes, (g43-13) 

Maximum and minimum limits for the series apply to this mapping 
unit. 11-AC.0 profiles are more common than 5 horizons, when S 
horizons are found they are light silty clay loam textured with 
weak sub-angular blocky structure. They occur on single smooth 
and slightly convex slopes averaging 2 in gradient. 

Ulysses silt loam, 3 to 5;f: slopes, (M43-5) 

These soils are A-ACC profiles with depth of darkening ranging 
from 7 to 12 inches. They occur on slightly convex slopes aver- 
aging 4% in gradient. 

Ulysses silt loam, 5 to 12% slopes (143-D) 

The soils of this mapping are A-ACC profiles with darkening 
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ranging from 6 to 9 in depth. They occur on steeper slopes 
generally in U-shaped drainageways in the northeastern portion 
of the county. 

Ulysses silt loam, eroded phase, 3 to 51, slopes, (M43-0-3). 

The soils of this mapping unit occur as cultivated areas, adja- 
cent Ulysses soils under virgin sod, that have areas within the 
delineation that has most or all of the darker A horizon removed 
by wind and water erosion. The eroded areas now have surface 
layers of a dry color of grayish brown (10Yh 5/2) to pale brown 
(10YR 6/3) ranging from 1 to 4 inches in thickness and strongly 
calcareous. The eroded areas occupy from 20 to 40% of the delin- 
eation with an average of 30'/: of the surface area. 

Ulysses silt loam,....2r2LitcL212112.2.... 

The soils of this mapping unit are similar to mapping unit 143-0-3 
in profile characteristics and composition. They occur on steeper 
slopes adjacent Ulysses soils under virgin sod. 

E, L. Bell 
12-30-59 

Soil Type: 
Location: 

Date of Sampling: 
Collectors: 
Physiographic t'osition: 
Climate: 

Topography: 

Drainage: 
Vegetation: 
Use: 
Sample Numbers: 

Ulysses silt loam, 2lnimal profile 
Logan County, Kansas. 15801 ill and 72' N 
of Sri corner of :TA.c. 36, T12S, R35W; 7* 
miles southeast of ainona. 
August 18, 1959. 
Elbert 3°11, Clarence Call 
Upland. iA.evation approxissately 32001. 
Average annual precipitation 18". Annual 
temperature about 530. 
Gently sloping tableland below the summit 
of the HiEll ?lains mantled with loess. 
Gradient 2X., 

Well drained. 
Clean suismer fallow, probably for wheat. 
2ropland. 
8-59-Kan-53-3-(1-3) for KS HC and D?R 

Al 0-8" Dark-grayish-brown (10YA 4,5/2) silt loam, very 

S-59-Kan-55-3-1 dark-grayish-brown (10YR 3/2) when moist; weak 
fine granular structure; slightly hard dry, fri- 
able when moist; few worm casts; slightly cal- 
careous; clear boundary. 

AC 8-19" Light-grayish-brown (10YR 5.5/2) slit loam, dark- 

S-59-Kan-55-3.2 grayish-brown (10YR 4/2) when moist; uppsr por- 

tion weak fine granular structure grading to 
massive in lower portion; slightly hard dry, 
friable when moist; few worm casts; strongly cal 
careous without evidence of segregated lime; 
gradual boundary. 
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C 19-60" Light-gray (10YR 7/2) silt loam, light-grayish. 
S.59-Kan-55.3-3* brown (10YR 5.5/2) when moist; massive but porous; 

soft dry; friable when moist; few krotovinas and 
root cavities of darker material; strongly cal- 
careous loassial material extending several feet 
in depth. 

Except where specified moist, the colors refer to dry soil. 

Profile described by ijabert Bell. 

Soil Type: 
Location: 

Pate of Sampling: 
Collectors: 
IhysiographIc Position: 
Climate: 

Topography: 

Drainage: 
Vegetation: 
Use: 

Sample Numbers: 

A ln 0.3" 
S.07-Kan-55.4.1 
LSL #5909 

A1 3.5 
S-57-Kan.55-4-2 
LSL #5910 

B21 5-9" 
S.57-Kan.55-4-3 
LSL #5911 

B22 9-13" 
S-57-Kan-55-4-4 
LSL #5912 

Ulysses silt loam, modal profile. 
Logan County, Kansas. 2921 N and 1511 W 
of Ei corner Sec. 13, T13S, R35W. 4 miles 
W of Russell Springs, 
July 9, 1957 
James Allen, Elbert Bell, Henry Otsuki. 
Upland. A.avation approximately 32001. 
Average annual precipitation, about 13". 
Annual temperature, about 53° 
Nearly level table below the summit of 
the Utah Mains mantled with loess. 
gradient less than 1%. 
Well drained. 
Sorghums. 
Cultivated land. broken from virgin sod 
about 1947. 
S-57-Kan-55-4-(1-8); LSI, #5909-5916. 

Dark-a.rayish-brown (10YR 4.5/2 dry; 3/2 moist) 
silt loam; weak fine and very fine granular; 
slightly hard; friable; noncalcareous; abrupt 
smooth boundary to 

Dark-grayish-brown (10YR 4.5/2 dry; 3/2 moist) 
silt loam; weak to moderate medium subangular 
blocky and granular; slightly hard; friable; 
noncalcoreous; grades to 

Dark-grayish-brown (1CYA 4.5/2 dry; 3/2 moist) 
light silty clay loam; weak medium subangular 
blocky and moderate medium granular; clayskins 
weak and patchy; .hard; moderately firm; noncal- 
careous; grades to 

Grayish-brown (10YR 5,5/2 dry; 4/2 moist) liFht 
silty clay loam; weak medium subangular blocky 
and moderate medium granular; clayskins weak and 
patchy; hard; moderately firm; calcareous; grades 
to 
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c 13-25" a 

S-o7-Kan.55..4-6 
LSL 0913 

BC1 25-38" 
3.-57.Kan-55-4-6 
LSL#914. 

BC2 38-50" 
S-57.Kanw55.4.7 
LSL #5915 

I3C3 50-63" 
S-57-Kan.55-4.8* 
LSL #5916 

C 63-70" 
Not sampled 
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Light brownish-gray (10YR 6.5/2 dry; 5.2/5 moist) 
coarse prismatic and weak coarse subangular . 
blocky; soft; very friable; calcareous; with 
common fine threads of CaCO3; grades to 

Light-brownish-gray (10YR 6.5/2 dry; 5/3 moist) 
silt loam; weak coarse prismatic and weak coarse 
subangularblocky; soft; very fria'cle; calcareous; 

Light brownish gray (10Th 6.5/2 dry; 5/3 moist) 
silt loam; weak coarse prismatic and weak coarse 
subanalar-blocky; soft very friable; calcareous; 

Li7ht-brownish-gray (10YR 6.5/2 dry; 5/3 moist) 
silt loam; weak coarse prismatic and weak coarse 
subangular-blocky; soft; very friable; calcareous; 
grades slowly to 

Very pale-brown (10YR 7/3 .dry; 5/3.5 moist) silt 
loam; massive; soft; very friable; calcareous. 

Except where specified moist, the colors refer to dry soil, 

Profile described by Henry T. jteuki. 

Soil type: 
Location: 

Date of sampling: 
Collectors: 

Ulysses silt loa, maxim= profile 
300 feet north and 50 feet east of southwest 
corner of section 16-T.124-R.34W, 
June 28, 1961 
O. Bidwell 1bert Bell, Richard Davis 

Alp 0-3" Dark grayish-brown (10YR 4/2; 3/2 moist) silt 
loam; very weak fine p;ranular structure of the 
plow layer; dry s1iThtly hard, friable when moist; 
noncalcareous; abrupt boundary. 

Very dark-grayish-brown (10YR 3/2; 2/2 moist) 
heavy silt loam; moderate fine and medium granu. 
lar structure; dry slight hard, friable when moist; 
noncalcareous; clear boundary. 

0-14" Dark-grayish brown (10YR 4.5/2; 3,5/2 moist; light . 

silty clay loam; weak medium subanular blocky 
structure; dry hard, moderately firm when moist; 
weak and patchy clay films; noncalcareous; clear 
boundary. 

14-20" Grayish-brown (10Th 5.5/2; 4.5/2 moist) heavy 
silt loam; weak coarse subanLular blocky struc- 
ture; dry hard, friable when moist; calcareous; 
gradual boundary. 

Ai or 3-9" 
AB 

B 
3 
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C 20-40" Light brownish-gray (10YR 6.5/2; 5.E/2 moist) ca 
silt loam; weak coarse prismatic structure; dry 
soft, friable when moist; calcareous with few 
fine threads of Ca003; diffuse boundary. 

C 40-50" Liht :ray -(10YR 7/2.5; 6/3 moist) silt loam, 
massive; dry soft, friable when moist; calcareous 
loess. 

Profile described by 21bert 3ell 
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A study was made to deterrftine the engineering properties and 

classification of ten of the thirty-two soil series and mapping 

units recognized in the Logan County, fansas, soil survey. These 

ten series were selected on a basis of widespread distribution 

both within Loyan County and elsewhere, and in order to sample 

the whole range of parent materials and tey.turei types found in 

the county. Three major horizons (usually A, B, and C) of each 

profile were sampled. 

Due to the extremely wide occurrence and large extents of 

Ulysses silt loam and. Keith silt loam both in Loran County and 

in other states of the Great Elaine reion, these soils were ::ore 

extensively studied. Three horizons each of Ulysses and Keith 

soils were saled at sites of modal, minimal, and maximal profile 

development to determine if significant differences existed in the 

engineerin7 properties and classification. 

The chemical tests performed, for characterization only, 

were approximation of organic matter content, determination of 

the pH of saturated soil paste and saturated paste extract, and 

determination of the con uctivity of the saturated paste extract. 

Physical tests performed were coroplete mechanical analyses 

by means of sieving and sedLrentation (Bouyoucos hydrometer method), 

determination of Atterberg limits (liquid limit and plastic limit), 

and determination of optieum water content to achieve maximum dry 

density under standerd compactive effort. The results of the for- 

mer three tests were used to determine the classification by 

engineering properties according; to the Unified system and the 

American Association of State Ai4Jaway Officials (AASHO) method. 
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For the purposes of this stuay significant differences in 

engineering properties and classification, both among horizons 

and amoni: profiles, were determined by relative differences in 

the AASHO classification. This classification was judged to be 

the most -ensitive, accurate index of changes in engineering prop- 

erties presently available. 

It was determined that loessial soils developed under similar 

conditions exhibited very little sil7nificant difference in enrineer- 

ing properties in any given horizon. Thus it was shown that, for 

Ulysses and Keith soils in Logan Uounty, engineering properties 

were identical or very similar for a given series regardless of 

degree of development. 

The encineering proparties and classification of the other 

soil series clearly reflected the effect upon these properties 

and classification of texture, type of parent material, and degree 

and type of soil forming processes, particularly the development 

to textural 13 horizons. 

The results of the examination of four of the soil series 

were compared with tureau of .eublic a.oa.ds (BFR) data of the same 

soil series in other locations in Kansas, Oklahoma, Colorado, 

Nebraska, Wyoming, and South Dakota. One soil, the alluvial 

Bridgeport loam, was found to differ 8147rnificantly in its engineer- 

ing properties from profiles collected elsewhere due to the nature 

of its parent material. the other three series (Ulysses, Keith, 

and Richfield silt loams) were found to possess characteristics 

identical to, or not too different from those of oth:3r locations, 

with few notable exceptions. These exceptions were believed to 
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be due to phase variations of the modal profile, in which case a 

difference in engineering behaviour might be predicted from study 

of the modal type profile description. 

Again, the influence of textural type and other environmental 

conditions were illustrated. 

It has been further demonstrated and concluded that the pedo- 

logical approach and classification by series, with profile descrip- 

tions, is a reliable means of extrapolating information of engineer- 

ing significance within a soil series from one location to another 

soma distance away. 

A method of interpreting and presenting soil survey data for 

engineering uses has been presented. This method incorporates in- 

formation regarding geography, geology, climate, and soils pre- 

sented in charts, tables, block diagrams, maps and aerial photo- 

graphs. 

The method was illustrated for Logan County, Kansas, and was 

undertaken to evaluate 39 properties and uses for engineering on 

a basis of both determined and estimated properties and classi- 

fication. 


