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This manual is intended for the use of soil surveyors in the field, 
particularly those engaged on projects of, or cooperative with, the 
llun•au of Chemistry and Soils of the United States Department of 
Agriculture. Its present form and content reflects the de,·elopment 
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of the work over the la t. 3 year and the id as and labr of hun­
dreds of soil cientists 1 working in the field during this pt'iod. 

Although soil cience has d veloped rapi<.Uy during the Hit few 
y€ars it is sti ll a young science with a rapidly changing 1· '1en­
dature. ~\.s the science has progress d, new term. ha.ve com~l\ o 
usc. A few have been taken from other language , hnt many l!).ve 
been taken out of the body of our own language and giY n partic\l•3;t 
meanings, or at least hav had special significa11ces atta .hed to them. 
Xaturally there has bet>n confusion, as scientist s in ,·arioll localities, 
and ven di ffprent sci nt.ists in the . arne local it~-, ha n• not nsecl the 
terms uniformly. T he arne confusion exit· now 1n the field of 
ec0110mi<"s and <lid exist in other sciences cluri 11g ·imi lar pet·io ts of 
development. 

It i essential that the uomenclature and terminology be as uniform 
as possible. In the eompiJation of the present work, eYery effort was 
mad to 11se a.nd define t rms a pecifically as pos ihle, ac ·ordinj!: to 
the most commonly accepted 11sage. r~alizing at the same time that 
certain laims might haYc bPen made for other usages. Thus a. 
ccrtai11 amount of almost arbitrary selection has been nee ssary . 

• imilarly, there mu t b orne . tandardization of method in order 
that the work may be rorrectl interpr ted C.\ rywhere. At the 
same time tlw method itsplf must he su fficiently flexible t.hat not only 
all type: of soil s an(l larHlscaJ es may be mapped with scientific ac­
cura y :tnd practical tfPc-t i n•11 ss anu exp cheney, but that new idea 
for impl·ovemfmt may be dPn.lop d. 

Reranse of po . ible pre ·t>nt errors and · L'tain future development 
there will need to be <·o rT 'l' tions and changes. Hi· hoped that errors 
and omi sions will be eallcd to the attention of the author for inclu­
sion in a.ny subsequent edition . . 

PURPOSE OF A SOIL MAP AND REPORT 

The objects in soil sun-eying are (1) to determine th morpholo~ 
of soil , (2) to classify th m a ordino· to their characteristic , (3) to 
show their distribution on maps ana (4) to des ribe their charac­
tcri tics, particularly in reference to the growth of various crops, 
gras es, and trees. The ullimate purpose i to provid accurate 
.~oil maps, neces arv for the clas ification, interpr tation, and exten­
·ion o£ data regarding agricultural production, t he classification of 
rural lands, and for the factual ba 1 in the devPlopmcnt of sound 
programs of rnral land usc, whether -planned by public or private 
agencies, or by indi vid na ls. 

The soil map is de ·igncd to show the loeat.ion and ext nt o£ the 
various kinds of soil in an area with sufficjent d t.ail of categorical 
definition and of c-artographic expres~1on to indicate those difference 
. ignificant to man in using the land for ~he growth of plants. Al­
though the oil . nrvey pr-ov\cl . an im·entorv for oil resource . this 
featui·e is not its prin ·ipal contribution. Primarily it serve a.s a 'basis 
for classifying the result of experience and experiments regarding the 

1 Special credit shonlo he acknowledged to the followlns:: who have a :<sist cd directly in 
t~e prepara.tlon of the m_anusc ript: J . Kenper~ Ablci tP~. ~a . ..-k Bnldwln, ~V . T . Carter, 
\\· . E . Heaon, :Mnry H . Lupham, J . W. ~JcKerichcr. -. C. lko forof'f. a nd 'I. D . Rl<.-e, all 
of thl' Soli Survev s tnff. )fu.ny otlwr scll•nt is t" h ave m a (le r on t rlhutions. Des<'rlpti onN 
of . ymbols fo r hasc maps a n d othe r part~ of t.hf' .- t rl<'l l ~· Png:lnt>c ring pba~l'~ o f the work 
ha\' fl b~n t aken fo·om !nHto·uctioros lssu<'d by the lJ . S. Geologi cal ~urvey with the necessat·y 
modltlrotions 
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~haracteristics and use-capabilities of soils, in order that this informa­
tion may be applied to each individual unit of operation. It is help­
ful to know the exact acreage of each soil type, but of far more vital 
importance to soil research and its applicatiOn is the accurate knowl­
edge of the soil types on each farm and the t~attern which they make 
in respect to one another and to the farm umt. Thus, the determina­
tion and mapping of soil types is an essential and integral part of 
any soil research program, particularly in its applied phases. 

As the entire agricultural enterprise is intima~ly related to the na­
ture of the soil, an accurate soil map, together with its accompanying 
report, must be considered as a handbook of the 11-gricultural geogra­
phy of the area. For the United States as a whole, even though 
the nature of the soil, considering its inherent productivity for 
adapted cro{lS as well as its responstveness to management, is by far 
the dominatmg factor in determining the agricultural production of 
an area, it must be recognized that other factors have an influence; 
and especially to the extent that these additional factors are physical. 
it is necessary that the soil survey include them, in order that the 
ultimate practical objective of the work may be fully realized. 

Although the fundamental purpose of the work is to serve practical 
objectives, it must necessarily be based.on sound scientific principles. 
If such principles are violated, of course the work loses its scientific 
value and its practical value as well. Thus not only is the work 
directed toward a practical objective, but it is at the same time 
oriented by a scientific foundatiOn and objective. On the basis of 
the results of the soil surveyl problems in ecology, geography, and 
other sciences are enlightenea, since by their very nature soils con­
stitute an expression of the physical and biological forces of the 
landscape in their totality. 

Before the actual work begins in an area the purpose of the sur­
vey must be clearly defined. Naturally the same detail in differen­
tiation is not reqmred in all landscapes nor for all objectives. For 
uample, in an area suited generally to some extensive use, such as 
grazing or forestry, less detail in the differentiation of types and 
phases may be required to reach the objective of the project as com­
pared to a survey in an area generally adapted to intensive cultiva­
tion. Not only the nature of the landscape but also the definite 
objective of the project may influence the field techniques. For 
examplei a soil survey to be used as the basis of assessment for taxa­
tion wil necessarily need to recognize all factors influencing pro­
duction in some detail, in many instances in more detail than would 
be necessary for determining general adaptation of crops and systems 
of soil management. 

CLASSIFICATION AND EXTENSION OF AGRICULTURAL DATA 

The basic physical fact fundamental to all agriculture is the rela­
tionship betwt~en the plant root and the soil in which it grows. 
Broadly speaking, there is on the one hand the capability of the soil 
and on the other the requirements of the plant. In order that a 
satisfactory adjustment may be achieved, there are two general ap­
proaches: {1) The chan¢ng of the soil through various techniques 
which man may employ to fit the requirements of some particular 
plant or group of plants; and {2) choosing plants to fit the soil as 
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nature has determined it. People, of course, employ both methods, 
with extreme intensive agriculture on the one hand, as in the green­
house, and extreme extensive agriculture on the other hand, as in the 
farm wood lot or on the range. A knowledge of the requirements of 
the plant and a knowledge of the capabilities of the soil are essential 
for this adjustment to be made with the greatest benefit to the indi­
vidual operator and to society as a whole. 

Such knowledge is accumulated through experimentation and 
experience. .The results of experiments and of observation must be 
classified in some way, in order that they may be understood and 
their significance determined; and at the same time there must be 
some device whereby these results can be given geographic exten­
sion. It is known that experimental results in one place do not 
necessarily apply to ·some other place. It is known that the experi­
ence of one farmer gained on one soil frequently cannot be dupli­
cated by the same farmer on another soil. In the matter of ferti­
lizer recommendations, both the requirements of the plant and the 
nature of the soil are important. In order to make proper recom­
mendations of fertilizer applications, it is necessary to obtain data 
and experience from known soils and extend the information gained 
to the same soils. Many other examples of a similar nature could 
be cited in regard to techniques other than fertilization, such as 
liming, drainage, irrigation, terracing, and cultivation, as well as 
agronomic recommendations of crops to be grown and similar 
matters. . 

. Therefore, the :rp.ost important purpose of the soil map is to indi­
[ cate the fundamental land -types that can be described accurately as 
sucb~. and the capabilities for use of which· can be defined through 

'the interpretation of experimental data and experience. Having 
defined these types, knowledge regarding: them can be extended if 
their location is shown on maps. A s01l map by itself may have 
little practical significance to .the layman; but when the agricul­
tural information regarding the soil types shown on the map is 
classified and brought together in the accompanying: report, the ulti­
mate objective of the work may be reached. Similarly, the result:;; 
of experiments on land, no matter how carefully obtained, are of 
little practical use unless these results can be extended expeditiously 
and accurately to the people actually using the land. These data 
must be classified and, as the soil type represents the. summation of 
all the forces operating to produce the medium in which the plant 
grows, it is the logical basis on which these results may be classified; 
and with the distribution of the soil types shown on maps their 
extension can be made easily and directly. 

RURAL LAND-USE PLANNING 

Rur~~ Ial'!.~~11se planning, in a broad sense, refers to provisions, 
mactel?y the ex.erc~s~ of forethought, for some definite land-use pat­
tern, either by mdividuals or groups. To a considerable degree, the 
success of one farmer compared with that of another is determined 
by th~ exteD;t to whi.ch he can and does exercise sound' forethought i_n 
planmng his farmmg operations for the use of land. The soli 
survey, and for that matter all agricultural research, is predicated on 
the assumptwn that forethought is and will be exercised in plam1ing 
land use. 
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AB the expression, "rural land-use planning", is commonly used, 
however, reference is made to ~h!LC9llecti~e_efl'()r~s,of_a_socj_aiz!"oup 
to formulate ways and mean.<>, m the form of pohctes and programs, 
for the attainment and maintenance of those uses of land which will, 
over a long period, best serve the general welfare. Specifically, the 
establishment of county zoning ordinances by citizens, in order to 
prohibit injurious or undesirable structures and u.Ses of land and 
structures, or to encourage the using of land in particular ways in 
the interest of the public welfare, is a typical example. Such ordi­
nances or other devices encouraging the particular uses of land in 
the public interest may have one or several objectives, according to 
the nature of the land in the area and the local problems to be met. 
For example, in the interest of flood control or for the conservation 
of water and soil, particular land uses may be encouraged, in order 
to prevent excessive run-off and soil erosion. 

Frequently the problem to be met is one of local taxation. Ex­
tensive agriculture may be discouraged on soiT unsu1te<'f"""tor crop 
production because the land cannot support the expensive schools, 
roads, and other necessities of such a. community life. Citizens or 
communities located in such areas may become serious charges on 
other communities if engaged in farming on land of poor quality 
for this use. On the other hand, this same land may be well able 
to support the costs attendant to the community organization when 
devoted to forestry or grazing. 1\Iany other examples could be cited, 
but these are sufficient to illustrate the type of problems that may 
face certain rural communities. 

Basicallyhof course, the problems relate directlY. to the physical 
nature of t e land, and particularly to the capabilities of the soil. 
Nevertheless every area has individual local physical and economic 
problems. The relative importance of the various phases of the 
landscape vary, and in many instances local problems dictate special 
emphasis on particular features. For example, the relative im­
portance of such factors as degree of slope, stoniness, deJ?th to rock 
or a water table, or condition of highways varies greatly m different 
sections of the country. 

Frequently an imJ_>ortant factor determining the best use of 
an area or of an individual farm unit is not only the nature and 
relative total percentages of the soil types, but also the manner in 
which they are associated with one another. For example, in a 
hill-valley section frequently good cropland and land suited only to 
pasture are, so mixed that the latter may be used to good advantage 
m a farm unit having some good cropland, .:without which a differ­
ent use, such as forestry- or extensive grazing, might be more desir­
able. :Many parts of. the country well adapted to dairying have 
this intimate association of good cropland and land suited to pasture 
but not to crops. Similarly, the presence of a small acreage of soil 
suitable to certain cash crops may be responsible for a thriving 
farm unit1 whereas the. same area- of land without this small per­
centage ot one particular kind of soil might make an undesirable 
farm unit or even be unsuited to farming at all. The presence of 
as much as 10 acres of certain soil types may fundamentally influence 
the use of well over 100 acres of other soil types. 

The present pattern of land use naturally has an influence on 
any recommendations for use. Certain soils are intermediate be-
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tween those naturally best suited to cropping, on the one hand, 
and some less intensive use, such as forestry or grazing, on the other. 
If the land is undeveloped agriculturally, it might be considered 
best that it be devoted to the more extensive use, whereas if the 
area has already been improved by roads, houses, schools, and other 
buildings, it may be considered best that it remain in the more 
intensive use. Also the location of nonagricultural communities, 
such as industrial or recreational centers, may markedly influence 
the use of rural land, especially that of naturally medium or low 
productivity for crops. 

It is the purpose a~d the function of the soil ~rvey to map the 
soils and other physical features of the land m a manner such 
that these problems of land-use planning can be solved rationally 
in the best interests of the individual or social groups responsible 
for their solution. Having defined and mapped the soils accord­
ing to the physical differences significant in their use, their use­
capabilities and their, important differences must be ascertained and 
clearly brought out in the accompanying report. Soil types (or land 
types) must be determined on the basis of their physical character­
istics, but agronomic and economic data are of invaluable use in 
arriving at their capabilities. For example, one cannot make a 
suitable map of land on the basis of tax delinquencies, but data re­
garding tax delinquencies, when classified according to soil types, 
may be suggestive regarding their capabilities for use. 

Since maps showing the location of the soil types, together with 
accurate descriptions of the capabilities of these types, form the basis 
for the most effective planning of rural land use, it is necess~ 
that those in charge of soil-survey parties study the problems-of 
their areas, particularly from the point of view of the objectives 
of the survey. At the same time great care must be taken that some 
transient or locally prominent conditions are not overstressed and 
that some less commonly recognized factors are not overlooked. The 
soil survey is basic to many phases of agricultural production and 
economy. Features that may appear to be of little importance at 
the moment may develop later to be of greater importance. The 
soil surveyor must be very careful not to overstress or understress 
various aspects of the work, but he must bear in mind that the sur­
vey must meet the inlmediate objectives and at the same time meet 
the requirements of a fundamental soil survey, basic to all agriculture 
and of permanent usefulness. · .. -· 

·/'RURAL LAND CLASSIFICATION 

The applic3;tion of the results of the soil survey is frequently made 
through the mtermediate step of some sort of land classification. 
St~ch a .classification may invol~e little more than a grouping of the 
soil umts shown on the mal? mto land classes accordin(J' to their 
common. natural characteristics or accordin(J' to their pr~ductivity 
fo~ spe~ifi~ crops or groups ~f crops; it may involve the grouping of 
soil umts mto classes accordmg to their recommended use consider­
ing prese?lt econ~mic con~itions and the fundamental phJsical fac­
tors i or It ~ay mvolve such complete detail as that required for 
placmg a ratmg on each social unit (farm, ranch, etc.) foi; purposes 
of tax assessment. 
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The general problem of classification is to place the items classified 
into smtable categories, the better to study and remember their char­
acteristics, and to show their interrelationships. A natural land 
cl.!tssification can be defined as one in which the natural land typeB · 
are plaCed in categories according to their inherent characteristics. 
The most important factor defining the natural land types is the soil, 
but also included are climate, relie:!_, stoniness, and vegetation. It is 
realized that the soil is itself a retlection of the influences of these 
factors, but their detailed expression may involve more precise 
definition than would be practical by considering the soil profile alone. 
Such a natural classification of land types is analogous to other 
strictly scientific classifications similar to those in current use for 
plants and animals. Frequently, however, a classification of direct 
applicability to some practical problem may need to be modified, in 
order that certain specific features of great practical importance be 
given the correct emphasis in reference to the practical problem at 
hand. 

_, A land classification according to use caJ?abilities can be defined 
as one in which bodies of land are classified (on theoasis of physical, 
or both ;physical and economic considerations) according to their 
capabilities for man's use, with sufficient detail of categorical defi­
nition and cartographic expression to indicate those differences sig­
nificant to man. Such a land classification may be looked on as 
"practical" in contrast to the "natural", or more strictly scientific 
classification. Th!U}atural (!la.ssificati.on is of extreme scientific inter-' 
est and importance and, like other scientific systems of classification, 
must necessarily form the ground work for any land classification 
according to use capabilities, devised to meet some immediate prac­
tical objective. Whereas in a natural classification immediate use 
must not dictate its constructio~J.ilOiieaevised to meet some definite 
practical objective the practical aspects of the work are of the utmost 
Importance. Until the objective lS clearly defined, there can be no 
thoroughly satisfactory pragmatic classification. 

All land that is used can be classified in six rather definite use 
~' and, in addition, two others are important but commonlY" 
rotnblried w1th one or more of the first six: {1) Cropping, (2) graz­
ing, (3) forestry, (4) recreational, (5) mining, (6) urban develop­
ment, (7) wildlife preservation, and (8) protection (land used t.o 
prevent injury to water supplies or to other more nluable land). 
In addition there may be added occasional combinations, such as 
forest-recreational, grazing-cropping, and especially forestry-wildlife 
preservation, urban-protectionhand forestry-protection. There art>. 
of course1 some areas of land aving little or no capability for use 
and are therefore waste land. 

The determination of the use of land and its comparative capa­
bility, i_n a social and econom~nse, within any use group, depends 
on moretTiiU1 itslnlleren[-pllysical qualities of climate, soil, relief, 
stoniness, and native vegetation. Although these factors dominate 
the classification and are of basic importance; economic, social, and 
geographic factors, such as accessibility to markets,• proximity to 
other land of similar and other uses, local and world dt>mand for 
various products, and location in respect to water supply, are vital 

I In part thl• fartnr I• Rn OUIJI'rOWth or the pbysl<'&l quality of thP land, as liD<'$ of 
tran .. J•ortattun ha\·e Mou~ht thP tttmd IHnd. . 
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considerations. Whereas the principal phy~ical components of the 
natural land type are essentially permanent, these other factors are 
necessarily transitory. 

Native vegetation is, of course, subject to change by man . and, 
except as it serves as an aid to the interpretation of the significance 
of physical qualities, would be only an element in the classification 
of undisturbed land types. Minor changes in stoniness and relief 
can be made by man. Other important changes may be brought about 
by irrigation and drainage. Soil erosion may bring about modifica­
tion of the soil types (or natural land types), especially but not 
exclusively, where land naturally suited only to grasses or trees has 
been used for crops. Where these changes have been introduced, the 
definition of the mappino- units must take cognizance of them for 
purposes of a land classification according to use capabilities. Such 
mapping units will usually represent phases of the fundamental soil 
type. 

The basic :physical data must be kept clearly separated from transi­
tory economic considerations. If the physical data are once accu­
rately mapped, revisions in the land classification can be made easily 
as economic conditions change, but if not, any revision requires that 
all the work, including the field mapping, be done again. 

The purpose which the land classification is to serve may be of a 
general (schematic) nature, such as the broad, regional planning of 
land development, or the detailed classification of lands for rural 
zoning or for tax assessment may be contemplated. There is more 
and more public demand for the detailed classification. · For this pur­
pose, the unit of classification must be small enough to allow the 
accurate rating of individual units of production in the social units 
of land (farms, ranches, etc.). 

/ ~ND CLASSIFICATION 

1. Objective: Classification and extension of data regarding land; planning 
of land utilization. 

·(Detailed expression also furnishes basic physical classification for objective 
under 2.) · 

~~;~·ef To be classified into categories according to relative physical 
Cl~mate. } Natural land type. 

Stoni~ess. capability in possible types of utilization. 
(Vegetation). 

2. Objective: Rural zoning; tax assessment. 

pression). Social land unit. 
Natural land types (detailed ex-} 

Relationship to social groups. To be classified: 
(a) Economic. (1) Into use groups: 
(b) Social. 

(a) Cropping. 
(b) Grazing. 
(c) Forestry. 
(d) Recreational. 
(e) Mining. 
(f) Wildlife preservation. 
(g) Protection. 
(h) Urban. 

or definite combinations: 
( i) Crop-grazing. 
{j) Crop-urban. 

(2) As to capabilities within the use 
group. 
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No attempt will be made here to lay out detailed directions for a 
method 8 to be used in different regions for various objectives, but 
in order that the soil surveyor may have clearly in mind the general 
requirements for such a method applicable to areas where the (•rop­
ping, forestry, and grazing use groups are concerned, a brief sum­
mary of the st:@s involved in a detailed land classification to meet j 

the ~bjectives of _rurar~niii.g-or-:-r;ax -assessment- is-outlined-as 
follows: ------ -- - · I 

(1) The first essential includes the accurate mapping, in detail, 
of the p~~atures of the land. The basic d.ata-are those re­
garding tlie so that are mapped"""in accordance with the modern 
system of soil classification. Cognizance is also taken of relief, 
stoniness, native vegetation, and any other physical features of local 
importauce in land use. These may be regarded as the external char­
acteristics of the soil type. Combmations of these features give the 
natural land types whiCh can be assigned definite ratings of produc­
tivity in the various use groups. In order that these natural land 
types may be interpreted in accurate terms) it is essential that the 
maps show sufficient detail, both as to definition of the categories and 
as to cartographic expressiOn. Individual land types of a size suffi­
cient to influence significantly the capabilities of separate units of 
operation need to be separated. 

(2) Coincident with, or subsequent to, the mapping of the natural 
land types, the inhere}f prlductivity, including "responsiveness" to 
cultural practices";;tt ese y~es must be determined in each of the 
possible use groups. The ratmgs should not reflect transitory eco­
nomic considerations but should be based on the essentially permanent 
physical factors of productivity. These ratings must represent the 
generalization of all information available, including that obtainable 
inductively considering the nature of the land, and that acquired 
deductively from analyses of practical experience and experimenta­
tion. Conveniently these ratings of each land type may be expressed 
in terms of percentage of a standard, taken as the best land, from 
a physical point of view, in each of the use groups. 

(3) The next step in the procedure is the determination of the use 
gr~[lc~_tract of .land. ~spe~ially .in areas thatha~e~lr' 
settled for many years thtS determmatlon wtll be made largely on the 
basis of the phystcal 9.ualities of the natural land types. Other fac­
torst such as accessibihty to markets and the size of contiguous areas 
of stmilar land types will also be important, especiall:y in a new or 
rapidly changing section. For example, an area havmg a natural 
land type ever so well-suited to cropping .cannot be placed in the 
croppin~ use group, should the area be too small for a unit of opera­
tion or tsolated from other land suitable for cropping. This and 
similar considerations make it necessary sometimes to place land 
naturally suited to crops in the forestry or grazing use groups, and 
subsequently the land must be rated in that use group. 

(4) Finally, each social unit of land is rated in the use group 
(or use ~roups) in which it belongs. The ratings of the natural land 
types wtthin the use groups are basic, but these need adjustment 
according to economic or geographic considerations which may in­
fluence production on these social units. Such considerations include 

1 !•'or aveclllc referenCPa, eee BlblloKraphy, p. lU. 
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accessibility to markets2 nature of the existing vegetation on forest 
and grasslands, and similar factors. By an analysis of production on 
the standard or ideal land, and the marketing costs at various dis­
tances on the different classes of roads, a schedule may be prepared 
showing the percentage reduction in the basic rating of the land for 
various locations. Similar schedules may need to be calculated in 
respect to the other factors. 

As a final result, each piece of land can be given a rating in terms 
of the percentage of the standard for the area orreg:ion. -H the 
d_a.s~i1icatign is then used for purposes of tax assessment, the proper 
local officials need to place "'a:fi appraisal valueon"the--standard land, 
~nd every piece _of ~and in th~ area ta~es its apJ?raisa~ value strictly 
m accordance with Its productive capacity. Ratmgs giVen by such a 
land classification need to have added to them an appraisal of build­
ings and improvements for loan purposes or for tax assessment where 
such improvements are taxed. It must be emphasized again that the 
physical data should be kept separated from the economic, including 
the basic ratings of the natural land types; as a result of any changes 
in economic conditions, the necessary adjustments of the ultimate land 
classification can be made easily without additional field work. 

This brief statement of the requirements of a rural land classifica­
tion emphasizes the importance of the objective. The data to be 
obtained in the course of the soil survey depend upon the purposes 
the maps and reports are to serve. Many of the items will not be 
included, and time must not be taken for mapping detail beyond 
that required for the objective. 

OTHER USES 
Although the chief practical purposes of the soil survey have been 

discussed, attention should be directed briefly to certain other uses 
not specifically included. Such an investigation as the modern soil 
survey, providing data on the physical qualities of the land as a 
medium for the growth of plants, naturally could be expected to 
serve many incidental purposes. It is perhaps unnecessary that at­
tention be drawn SJ?ecifical1y to the great contributions of the work 
to soil science,_ as scientific investigations are a necessary prerequisite 
to tlie=construction of the soil map itself. In such related fields as 
geography, the contributions of the work should be obvious since 
these data provide the very basis of agricultural geography. Prob­
ably no other. work has contributed more to the field of e~;9logy, 
because the soils themselves owe many of their most important char­
acteristics to the influence of the native vegetation with which they 
have developed, and because a knowledge of the ecology of crop 
plants is one of the principal objectives of the work. 

An accurate base map. is necessarv for the construction of a soil 
map:-Where such maps are not available, the soil surveyor must 
construct them. In areas where heretofore no adequate road maps 
or drainage maps were available, these features of the soil maps 
have been of great value to public officials and other citizens as 
well as to military, sanitary, and civil engineers, and others. Al­
though the soil map is neither a geological map nor primarily 
conce_rned with geology, as suchhin the absence of detailed maps, 
espemally of surface geoJogy t e soil maps are frequently very 
useful in locating deposits of gravel, sand, clay, peat, marl, and 
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similar materials. By proper interpretation many features of glacial 
geology and the nature of the surface rocks can be outlined from 
the soil map. . 

Soils and the materials underneath vary greatly as to their suita­
bility as foundations for buildings and as sub(Trades for hard-sur­
face~ roads .. Soil maps ~re valuable in the sel~tion of proper sites 
and m plannmgarr adequate type of construction Soil niapsmade 
directly for these purl?oses need to stress particul~r features and the 
nature of the unde~lymg material. more than the ordinary soil map 
and must be made m greater detail for best results. In the absence 
of such detailed investigations much that is helpful can be obtained 
from t~e mo~ern. de~a1le~ soil ~ap,. even though the map is not 
made w1th this obJective directly m view. · 

. Other practical proble1ns may be solved in part, or important leads 
disclosed, through the use of these data, such as the corrosion of 
various metals and the durability of variously treated woods in soils 
of different character. The soil maps have already been useful in 
choosing locations for. pipe lines. · 

CHARACTER OF•THE SOIL MAP AND REPORT 

The objectives of the soil-surve~r map and report have been dis­
cussed briefly, and before explainmg in detail how such maps are 
made the map itself must be described. As discussed throughout this 
publication, tbe sail..!!Jap rjfers to ~~ap showing soil typeu defined 
later), and not to maps s wwmg npl;f sili.gle- soiTCharacteristics, 
such as acidity, texture, or erodibility. Supplemental mapvhowing 
these or other single features can be made, 6y mterpretatwn, from 
the soil map, since these qualities are included in the definition of a 
soil type. . . 

As the soil maps and reports are made throu(Th the use of tech­
niques conditioned by the state of our scientific ~owledge in order 
to reach certain objectives, their form is dynamic and not static 
or changeless. Soil science has made unusually rapid progress dur­
ing the last few years, and improved techniques are constantly being 
developed. These are reflected as improvements and changes in the 
soil maps and reports. Further as American agriculture has de­
veloped, the problems to be solved have c.hanged. Specifically, more 
detailed and precise information regarding soils is require<! as a. 
basis for the solution of problems involving rural land use and crop 
adjustment. Naturally the character of the soil maps has reflected 
thts interest. For example, when investigating a new, more or less 
undeveloped area, schematic maps that can be produced rather rap­
idly, in order to show the general location of lands suitable for 
farming, are needed. In a ~neral way such information now exists 
for nearly all of the Unite<1 Stat~s. But the. present land pro~le~1s 
are defimtely concerned with the Important differences of soil witlun 
a community and even on 'single farms. Soil maps useful for this 
purpose must necessarily show significant differences with consider-
able detail. _ / 

V DEFINITION OF A SOIL !IIAP 

A soil mgp is a. represeni:ation on paper designed to portray the 
distri'J)ution of soil types and phases, as well as other selected cul­
tural and physical features of the earth's surface necessary for con-
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venience in its use. Depending upon the detail with which the 
boundaries between the soil types are plotted, three kinds o£ soil 
maps are recognized. 0£ these the detailed soil survey is the most 
useful and the most commonly made. 

DETAILED SOIL MAP 

( On a modern detailed soil map the boundaries between soil types 
and phases are plotted upon the base map in detail £rom observations 
made throughout their course; in addition to such physical features 
as lakes and streams, important variations in others o£ significance 
in land use, such as relief and stoniness, are shown; and all signifi­
cant cultural features, helpful in determining specific locations, such 
as ditches, roads, house~, and public buildings, are plotted accurately. 
The soil types and phases shown on the detailed soil map are defined 
so as to indicate the- mappable differences o£ significance in rural 
land use. Although small variations, due to management £or ex­
ample, where not accompanied by mappable physical differences, are 
not shown, responsiveness to management practices can be inter­
preted £rom the map, as such responsiveness is itself a definite £unc­
tion o£ the soil type. In making a det!riled soil map in ordinary 
terrain, the land is traversed at intervals o£ one-quarter mile. 

' v RECONNAISSANCE SOIL MAP 

On a_ reconnaissance soil map the boundaries between the soil 
Jypes anuphaseS ar~ plotted from observati?ns m3;de at in~erval~ and 
not_throughout their course as on the detailed soil map. The map­
~ing 'units are defined similarly to those shown on the detailed soil 
map but with less preciseness, particularly o£ the phases, as only the 
more prominent features can be used in drawing the boundaries. 
These maps v~ry rather widely in scale and degree o£ detail £rom 
those JI!ade 'by traverses at approximately 6-mile intervals to those 
~made by traversei:i at one-hal£ mile intervals which approach the 
detailed soil survey in completeness and specificity. The base maps 
o£ the less detailed reconnaissance surveys may show only the loca­
tion o£ railroads, towns, large lakes and streams, and similarly prom­
inent features, whereas others are nearly as complete as the detailed 
isoil map. Occasionally the reconnaissance maps which closely ap­
proach the detailed maps have been styled "sl'midetailed soil man~' 
The degree o£ detail is determined by the nature of the land and its 
probable use, and the time available £or the work. In mountainous 
regions or other areas not likely to be devoted to intensive uses, 
traverses are made at less frequent intervals than on land o£ more 
suitable character £or £arming. Many o£ the detailed soil maps made 
in the early days o£ this work in the United States would be consid­
ered reconnaissance soil maps at present. 

V DETAILED-RECONNAISSANCE SOIL MAP 

Such a soil map has p..Qrtions .mapped according to the require­
m_e.nt!3_<>f !!-.. detailed soil JUap and portions according t() the less rigid 
re~irements o£ a reconnaissance soll::ina:2_:---nle parts o£ the area 
covered· oyU'ietwotypes of survey are indicated by an appropriate 
small sketch map on the margin o£ the soil map. The county is 
the usual unit o£ a soil survey. In such units, and even where some 
other basis is used for establishing a unit o£ survey, frequently large 
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areas of land obviously unsuited to an intensive agricultural use are 
included. In instances of rough mountainous land, large expanses of 
acid pe9:t la~d,. stony desert land, or similar types of land unsuited 
ta farmmg, 1t 1s frequently unnecessary that the survey be carried 
out in the detail necessary for a detailed soil map. Such areas are 
mapped in reconnaissance and published with the portion mapped 
in detail on the same soil map. 

FIELD AND PUBLICATION SCALE 

Ordinarily, detailed and detailed-reconnaissance soil maps are 
publ~shed on a scale of 1 inch _t<!.l_ mile,• alth~mgh a few have. been 
pubhshed on oflier sciiles. Reconnaissance soil maps are pubhshed 
on the minimum scale necessary to show the information plotted on 
~he field sheets. Ordinarily these maps are published on a scale 
l'varyin~ from 1 inch to 2 miles to 1 inch to 6 miles. M:ost of th~ 
few bemg published at P.resent are on the former scale. Certain 
schematic soil maps compiled by generalizing more detailed informa­
tion are published on smaller scales, depending on the purposes for 
which the maps are intended. 

As a general rule the field mapping is done on a larger scale than 
that used in publication.· Currently, most of the detailed soil sur­
veys are being made on a scale of 2 inches to 1 mile. In a. few in­
stances a field-mapping scale of 2.64 inches to the mile ( 1 inch to 
2 000 feet) is used where base maps are available on this scale. 
Aerial photographs on still larger scales are used where they are 
available and can be used to advantage. Except in areas of unusual 
uniformity it is ordinarily not practical to use a field scale of less 
than 2 inches to 1 mile for detailed surveys. If an accurate base 
map is available and the soil mapping is performed by surveyors 
of unusual skill in drafting, detailed soil maps can be made on the 
scale of 1 inch to 1 mile if the soils are not particularly complex. 
Under ordinar:y circumstances, however, such a scale is madequate 
for mapping With the necessary detail and precision. Areas having 
close culture should .not be mapped on a, scale less than 2 inches to 
1 mile, even though the princiJ;>al mapping is on a smaller scale. 

Maps made on a large scale m the field can be reduced to 1 inch 
to 1 mile. for publicatiOn. It mu.~t be stressed, however, that soil 
map_s 'I'TUUle in the field should not be enlarged. If the maps made 
in the field are not on a scale large enough for some particular use, 
their enlargement does not increase their utility, however much it 
may appear to do so. If a useful soil map is needed on a large scale 
it must be made on this scale, or still larger, in the field. 

Highly detailed soil maps necessary for detailed land classification 
and land-use planning, especially of complex landscapes cannot 
always be reduced to a scale of 1 inch to 1 mile without dropping; 
out some of the detail. In certain instances it may be necessary and 
practical to publish the soil map on a scale larger than 1 inch to 1 
mile. Ordinarily the increased value of the map will not justify 
the much greater expense invoh•ed in publication. :Maps do not 
always need to be published in large editwns to be highly useful for 

• Map• mad!'! at naetly this scalA h&\"e the ratio 1 to 68,860. The U. Fl. GPOio~rlcal Sur­
v~y topo~rr11phle qulldrangiPII a,.., usually puhllsht>d on a &<"ale of 1 to 62,600, and wh .. re 
MUch topugraphle n111po ar" a\'&llable the Soil Sui'\"<'Y UOI'!R the base data and pul>hsbf'tl 
on thl• aam" B<"Rie whi<"h also Is C'onsldPrt>d to be 1 Inch to 1 mile. In othPr ar.-u. •~"ht>re 
the 1oil 1urveyore make their own base mape, the ooll mapa have a l<"&le of 1 to 63,360. 
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certain purposes. The field sheets can be photographed and copies 
mounted by hand work, in order that enough showing all the de­
tnil may be made available for the use of those requiring them. 
Many detailed soil maps on a very large scale are needed for special 
purposes. For certain types of land-use planning and for detailed 
ecological studies, it may be necessary to employ a field scale of 
mapping as great as 8 inches to 1 mile in extremely complex areas. 
In useful and practical studies of soils, in order to indicate their 
relative suitability for highways or other structures, scales as great 
as 25 or even 50 inches to the mile may be essential. Sufficient copies 
of such maps can be made by photographing, black-and-white etch­
ing, and by other ways, if the expense of a lithographed map would 
be out of proportion to its superior usefulness. 

The determination of the exact scale to be employed in field map­
ping in order to reach the objective of the survey thus depends on 
several variables: (1) The degree of differentiation necessary, both as 
to the variations between sml types and phases and as to the size 
of areas of one type lying within another, in order to reach the ob­
jective of the work, is a factor of first consideration. In the ordinary 
detailed soil survey of rural lands the relative intensity of use is an 
important factor in determining the detail necessary to reach the ob­
jective. (2) The natural complexity of the landscaJ.>e, especially in 
relationship to the capabilities of the soil for use, will be important. 
(3) The scale of any existing accurate base map must be considered. 
If an area is undertaken for survey and there is already available a 
recent accurate base map, the same scale should be employed if it is 
practical to do so. ( 4) The experience and skill of members qf the 
surveying partY. will determine necessarily to some extent the scale 
employed. Skillful and experienced soil surveyors, thoroughly fa­
miliar with the techniques of mapping, can map satisfactorily on a 
smaller scale than less experienced workers. Necessarily the scale 
must be adequate for .the least skillful of the mapping party. 

NATURE OF A SOIL-SURVEY REPORT 

The soil-survey report which accompanies the soil map describes 
the area surveyed, the characteristics and capabilities for use of 
the soil types and phases shown on the map, and the principal fac­
tors responsible for soil development. It is an integral part of the 
complete publication and not simply an adjunct to the soil map. 
Except as a base mal?, the soil map without the report is of little 
w3e to persons unfamiliar with the specific nomenclature employed. 
First of all, the report contains a complete description of the soil 
types shown on the map and their relationship to one another. As 
the objective of the work is to provide information directly relating 
to the agricultural use of the land, those characteristics of importance 
in the use of the soil for the growth of plants is stressed. 

Much of this information is obtained by observation durino- the 
course of the survey, but by no means exclusively so. Climatic, cbem­
ical, economic, agronomic and all other data bearing on the nature 
and capabilities of the soil from other sources are used to the extent 
that such information is available and can be interpreted in rela­
tionship .to the soil tY,pes oc~urring in the area. To the extent that 
the location of the soil areas m respect to markets and similar factors 
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have an important bearing on the use of the soils, these relation­
ships are identified and discussed. The soil surveyor must be certain 
to make careful notes during the course of the survey and to ac­
quaint himself with other useful data presently available, in order 
that the report and map together may be a complete handbook of 
the agricultural geography of the area. 

PREPARATIONS FOR FIELD WORK 

~iel_d v.:ork is un~ertaken for the purpose of accomplishing some 
obJective m a defirute area. The larger part of the survey projects 
of the Soil Survey Division of the Department of Agriculture in­
volve cooperation with some local agencies such as the State agri­
cultural experiment stations, which in turn frequently cooperate with 
other interested State or county agencies. The personnel of a survey 
party frequently consists, therefore, of employees from one or more 
cooperating organizations. Cooperative projects are undertaken 
after agreement by the agencies concerned as to the objectives of the 
work, personnel to be assigned, and similar matters. The Soil Sur­
vey Division is responsible for the technical details of the work and 
usually, but not always, a. Federa.l employee is designated as chief of 
the survey party. Before a.ctual field work is undertaken, the chief 
of the party must acquaint himself with the objectives of the work, 
including the wishes and interests of any coopera.ting agencies. 
(1) He will be given a letter of authorization and other instructions 
regarding the work; (2) he must assemble all available cartographic 
data of assistance in preparing the base map and soil map; and (3) 
he must be certain tliat each surveyor has the necessary equipment 
and supplies for the work. 

INSTRUCTIONS AND PERSONNEL 

Each employee of the Soil Surve:y Division of the United States 
Department of Agriculture will receive a letter of authorization and 
other instructions, on being assigned to a soil-survey project. Ad­
ditional directions may be given him from time to time as necessary. 
The chief of the soil-survey party is responsible for all the work of 
the partyi including the pr~paration of the necessary reports, and 
individua surveyors will receive their instructions from him. The 
chief of the party is responsible to the regional inspector or his 
assistant, within whose district the area is located, for technical 
directions regarding all phases of the work (fig. 1). The regional 
inspector, or his delegated assistant, will visit the area at the tim~ 
of Its initiation or shortly thereafter, in orde-r to assist the chief of 
the party in constructing a proper legend of soil separations. Before 
any plotting of soil bourularies is started, eack sunJeyo-r in the r,arty 
must be [urnUJMd with a complete descriptive legend, descnbing, 
quantitatwely and quaUtatively, th6 UBe. of all. symbols of wha_t-ever 
kiruJ placed on th6 map. The constructiOn of such a legend will be 
explamed later. 

The chief of the field {larty will need to exercise careful judgment 
in the disposition of assistants in accordance with the objectives of 
the work, the nature of the mapping problems, and the pre,·ious 
experience of the workers. The simplest party is composed of two 
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workers, the chief of party and an assistant, but frequently much 
larger parties must be organized, usually in pairs with an autotruck 
for each pair. In heavily wooded country and similarly unde­
veloped areas, where there are few roads, it may be practical w 
assign three or even four workers with one truck. The party chie:!:. 
will designate leaders for each group, according to their technical 
and administrative ability. 

In large parties, it is of the utmost importance that the chief of 
party work in the field with each group frequently, especially in the 
beginning of the work. Unless the party is very large, it is best to 
keep the men together in one headquarters, in order that daily con­
tacts may be possible, and to move the headquarters at frequent in­
tervals. The party should never be divided in the beginning of the 
work. If certain parts of the area must be mapped by groups in 
side camps, the surveying should be planned in such a way that this 

FIGURE 1.-0utline map showing the inspection districts of the Soil Survey Division 
as of September 1, 1937. • 

work will not be undertaken at the start but after the surveyors 
already will have had considerable experience in mapping under the 
close supervision of the party chief. Each area has Its own peculiar 
problems, and the party chief must first scout the area as a whole and 
later make such disposition of his assistants as will be most efficient 
in point of time and expense and. at the same time insure complete 
uniformity of mapping. 

Nearly every survey party will have one or more inexperienced 
men. Although these men have had training in soil science, they 
have yet to learn the techniques of soil surveying. All the steps in­
volved in the work must be explained to them carefully and repeat­
edly, but it must be remembered that they learn mostly by doing. At 
first all their work must be carefully checked and corrected in their 
presence so that they may understand their errors. Later they can 
do individual work where it can be carefully checked with that of 
experienced men. That such assistants may be of the maximum use-
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fulness, c~reful ju~gment is required in order not to underestimate 
or overest~mate thei~ pro~ess and develop~ent.. Ordi:.;tarily, a new 
man who IS well tramed m fundamental sml science will be able to 
cover nearl:y as ll!uch g~o!ffid as an experi_enced man, after a few 
months of rntensive trarnrng and close guidance provided he has 
daily co!ltact ":ith an experi~nced surveyor. ' 

EspeCially With large parties of 10 to 15 workers much of the time 
of t~e party chie_f _necessarily must ~e devoted to these duties, prep­
aration and reviSIOn of the mappmg legend, and obtaining the 
necessary data for the soil-survey report. Each worker or group 
~f workers should be given definite assignments drawn on an out­
lrne map of the area. Each should color the area· completed on the 
progress map as the work progresses, in addition to making detailed 
written reports in square miles. It is necessary to have such an up­
to-date progress map, in order to plan the work with the greatest 
efficiency and prevent overlapping or omissions. 

The chief of party must give close attention to the rate of prog­
ress, which will be influenced by the nature of the country, the 
detail necessary, and the skill of the surveyors. Any instances of 
incompetence or inattention to duty must be reported promptly if 
they cannot be corrected. Usually slow rates of progress are due 
to faulty understanding of the mapping legend or of mapping 
techniques and can be corrected easily by an observing, tactful party 
chief. To discover and correct these difficulties, it is necessary for 
the leader to work in the field with his assistants from time to time. 
It must be emphasized that careful plannipg of the work is neces­
sary, to insure satisfactory progress. For example, short delays 
of a large party, of either the field mapping or the inside work, 
are due to poor planning by the chief of party, and they constitute 
serious and unnecessary handicaps to pro~ress. 

Plans must be laid m advance for periods of inclement weather, 
in order that the necessary inside work can be accomplished when 
field work is impractical. Such duties consist of obtaining data 
from records and from interviews with county officialst !armers, and 
others, for use in the soil-survey report, and of checking the field 
sheets. Occasionally, and especially in the arid regions, it will be 
necessary to do some office work during fair weather, but for the 
most part, coldi rainy, or otherwise unsatisfactory days for field 
work can be uti ized most advantageously for the inside work. 

ASSEMBLY OF AVAILABLE CARTO<JRAPHIC DATA 

Immediately after approval has been obtained for the soil surn~y of 
a county or area all available map data must be assembled for use 
of the field party. Some of the more important classes of such 
data are listed as follows: · 

United States Geological Survey topographic quadrangles for 
as much of the area as has been surveyed. These maps may be on 
the scale of 1: 24,000, 1: 31,680, 1: 621500, or 1: 125_,000. Those o~ the 
scale of 1: 62,500 and of comparatively recent. Issue are ~sp~Ially 
recommended for use as base maps for mappmg the sml.s m de­
tailed areas. These may be photographed to the scale dt-Eired and 
prints furnished accordmg to the needs of the party. Such maps 

990411"-l!R-2 
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may be mounted as one sheet or cut and mounted on cloth to meet 
the reguirements of the field work. 

Aenal photographs are available for certain areas, and advantage 
should be taken of them by the field party even though the entire 
area is not covered. Where such photographs are used, especial 
care must be taken to insure sufficient control for their proper 
adjustment. 

Maps published on various scales by the War Department, such as 
river surveys, lake surveys, and others made by the Corps of Engi­
neers are available for parts of the country. 

Land Office township plats (G. L. 0. plats) on a scale of 2 inches 
equal1 mile are available for sectionized country, and copies should 
be obtained. 

Post office rural delivery maps (scale 1 inch equals 1 mile) and 
any special maps issued by other Federal map-makmg agencies, such 
as the nautical charts of the Coast and Geodetic Survey, are helpful. 

Soil maps of adjoining counties and tracings or photographs of 
field sheets of unpublished adjacent areas should be available. 

The locations and descriptions of all triangulation control stations 
established by the United States Coast and Geodetic Survey, United 
States Geological Survey, and United States Corps of Engineers, 
including transit-traverse stations, must be obtained at the beginning 
of the survey. . 

Local county road maps are frequently available from the county 
or State highway departments. 

Any base maps consiqered for use in soil surveying should be 
critically examined for suitability and accuracy in detail. 

EQUIPMENT AND ITS CARE" 

Care must be taken that each man has the proper equipment for 
the duties assigned to him. It is, however, unnecessary that every 
man have a complete outfit to meet every condition which may 
arise, although the party as a whole will need to be so prepared. 
For example, it is unnecessary that every man in a large party 
have a square-pointed spade for use in collecting soil samples. In 
an area consistmg largely of open country, where most of the work 
is done on plane tables, 1t is not necessary that every mart· have an 
additional forester's or geologist's compass suitable for making 
traverses in places where the use of a plane table is impracticable, 
but, of course, at least one such compass should be available to 
the party as a whole. 

For the detailed soil survey in ordinary terrain, the following is 
a list of necessary equipment. Each man will need certain items· 
according to the nature of the work he is req~ired to perform. 

Accurate speedometer for each car. 
Accurate tire pressure gage. 
Round-pointed spade of a type to suit particular conditions. 
Square-pointed spade. 
Pick. 
Soil nuger, with extension. 

• Ren"onabl~ care must be taken to protE>ct Government property, and all instances of 
claims for lost, stolen, or broken equipment must be presented immpdiatply with a full 
explanation. Frequ!'ntly the party chief will need to obtain equipment for thl" use of his 
assistants, and In such instances, he should g!'t signed receipts from them and be certain 
that everything is accounted for at the close of the season or before they are released. 
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Plane table, with compass, tripod, and case. 
Alidade, with case. 
Hand level (Abney). 
Compass, forester's or geologist"s. 
Geologist's hammer. 
Tally counter. 
Triangles. 
Straightedge. 
Protractor. 
Surveyor's band chain. 
Rule (6-foot). 
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In certain areas the following additional equipment will be needed: 
Peat sampler. 
Electrolytic bridge and accessories. 
Soil-reaction test kit. 
Sundial compass. 

The following supplies should be available: 
Notebooks. 
Pencils ( 4H, 6H, and 9H). 
Acid, hydrochloric. 
Fine needles. 
Thumbtacks. 
Ink (waterproof, blue, black, red, and yellow). 
Colored pencils. 
Paper (plane-table and tracing). 
Pens (crow-quill and drawing). 
Erasers (ink and pencil). 
Sacks and tags (for soil samples) . 
Printed forms and stationery. 

SPEEDOMETER 

The speedometer used for measuring distances in soil surveying 
is not greatly unlike that in common use on ordinary automobiles 
and true~, except that it is constructed to give more accurate 
readings. One row of figures gives miles, tenths, and hundredths, 
and the other row gives miles, fifths, fiftieths. and five-hundredths. 
Naturally such a meaRuring device must operate directly from the 
front wheel and not from the drive shaft as with ordinary automo­
biles. Every car used in soil surveying must be equipped with this 
device, even in areas where base maps are available. 

In equipping the late-model cars with this special speedometer 
the followmg general procedure is suggestive. 

(1) Remove the right front wheel and take ofl' the brake drum. 
(2) Bore out on a lathe the ring g~.>ar to a size betwppn 0.015 and 0.005 

inch smaller in diameter than the outside of the brake drum. This is to 
allow for shrinkage on the brake drum. Caution: The drum may be larg~.>r 
near the flange. -

(3) Heat the ring g~.>ar to an even cherry red all over and plaee it upon 
the brake drum, tightly against the brake-drum flange. The drum and whPPl 
can be asR~.>mblt>d and r~.>plaePd. It will be necessary to readjust the brake. 

( 4) Drill a bole one-half inch in diam~.>ter in the brake housing 2 inches 
hack from the front CPnter (fig. 2, A). Cut stud hlot, l~.>aving the end 
which the elamp fits 11,4 Inches long. Continue the 7/16-14 thread through 
the entire stud. Fastl.'n the stud to the brake drum housing by ml'ans of 
a %6-lnch cap screw thrpe-fourths of an ln<'h long, using a lock wa~hPr (fig. 2, A l. 
To make the as~<embly for attaching the flbl'r gear give the angle bar no. 4007 
a 45" twist (<'old) antldo<'kwlse. Thread the angle bar with %-Inch pipe tap 
and screw %-ln<'h ell and 4·1m·h nlptlle to this so that angle bar and nipple are 
parniiPI (fig. 2, B). Figure 3, A. !'bows the right pu.-ltlon of thl' Rl'l!t'lllbly to mt•"b 
with the rln~t gear shrunk on hrakl' drum. 'l'he clamp may lll'f.'d a '1\•ider slot to 
ullow It to fit the %·inch pipe niwle. 
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FIGURE 2.-A, The stud bolt in position on the brake housing; B.t the assembly for attach­
• ing fiber gear after twisting angle bar 40u7. 
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Flovnm S.-A. Complete assPmbl~· lu correct position for opt>rfttlllll. 1:; ~ .. 1'-"•r.d .i U;ir e 
clam Jill on the end of tbe ~tnd bolt, the 1\bPr JrPIH nu<Y be diSt'lli>!'RI<•d wbll~ tile •V<..-<iOWPtt'r 
Ia not needed. B, Sjll!<.odom~ter head In rorl'e<'t vu•illon un til~ dash. 
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(5) l\Iount the speedometer head on the dash near the right side; the upper 
two screws will be sufficient to hold speedometer in place. Run the cable 
from the swivel joint between the front springs and through a l-inch hole 
in the floor board below the mounted speedometer and make connections to 
the speedometer head. Figure 3, B illustrates the correct position of the head. 

(6) Put the fiber gear on the swivel joint, mount and adjust the assembly 
as shown in figure 3, A. 

'l'he size of tire and brake drum govern the speedometer parts needed, in 
order that the correct readings will be obtained. As the styles of autos change, 
the procedure for attaching the speedometer will need to be varied somewhat. 

Adjustment and care.-A:fter the speedometer has been roughly 
adjusted by the proper choice o:f gears, final adjustment must be 
made by varying the tire r.ressure. Along some road convenient to 
headquarters an exact mile should be laid off with a surveyor's 
steel tape and conspicuous stakes set, in order that the tire pressure 
may: be adjusted conveniently: until the speedometer gives an exact 
reading. This pressure can be noted and the tire maintained uni­
formly at that pressure. Since the pressure required to give a cor­
rect reading gradually changes as the tire a~es, at least weekly 
checks need to be made against the standard mile. 

It must be noted :further that under certain circumstances a rather 
sudden change in the air pressure o:f the tire may occur and thereby 
lead to inaccurate measurements. I:f, :for example, one is working on 
dirt roads in the cool o:f the morning and later in the day drives 
out on a hot pavement, the tire pressure will need to be adjusted. 
Errors due to slippage are likely to occur on slippery roads or 
loose gravel or sand, and while roads are in such conditions accurate 
measurements cannot be made by this method. Variations in load 
also influence tire pressure. 

These speedometers need careful oiling. The gears in the head 
may get out o:f adjustment from time to time and need repairing, in 
order to prevent locking and the subsequent breaking of the cable. 
Both the cable and fiber gear are subject to considerable wear, and 
care should be taken that extra parts are on hand :for an emergency. 
The fiber gear should be disengaged by tilting it away from the 
drive sprocket and the equipment not allowed to operate unless 
actually needed for measurements. 

It is realized, of course, that measurement by the use of such a 
speedometer, even under the best conditions, is not so precise as 
more costly andtime-consuming methods. Yet with care this equip­
ment is entirely satisfactory for soil surveying in all ordinary ter­
rain that is not too hilly or where the roads are not extremely wind­
ing or crooked, and especially where definite control points can be 
located accurately on the field sheets. 

PLANE TABLE AND ACCESSORIES 

In soil surveying a rather simple plane table or traverse board is 
used, as shown in figure 4. Essentially, this instrument consists of 
a drawing board, usually 15 by 15 inches, supported by a tripod. 
The board is oriented by means of a compass 6 placed in a notch at 
one side, which is, o:f course, subject to the same errors as any other 

• In areas having magnetic attraction such that the plane table cannot he oriE'ntE'd In 
the usua.l way ~y the magnetic compass, the Baldwin solar chart may be usE'd. For an 
expl:mation of Its .us!! and for other refinements in engineering techniques, see Beaman 
(1). 4 copy of t~Is Important manual should be in the hands of e\·ery soil sun·E'yor. 

7 Italic numbers m parentheses rE'fer to Bibliography, p. H4. 
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compass. Especially in sectionized areas where the magnetic declina­
tion is very great, it may be necessary to set the compass in the 
board at an angle in order that a full township, 36 square miles, may 
be included on one field sheet on the scale of 2 inches to 1 mile. 

To the bottom of the board there is screwed a brass plate by which 
the board is fastened to the tripod with a spring and thumbscrew. 
Except when in actual use, the board, together with the map under 
construction, is kept in a leather case. The board should be placed 
in the case with the compass at the top, and care must be taken 
always to place the board in the case in the same way, in order that 
the maps may not be soiled by rubbing against leather discolored by 
the metallic plate. Usually the board is inserted in the case with the 
map toward the buckles. The plane-table case should never be used 
for carrying metallic notebooks or other equipment likely to discolor 
the leather. 

A high quality of special drawing paper mounted on cloth is used 
for mapping. Such paper is cut into squares slightly smaller than 
the plane-table board and held in place by four thumbscrews in the 
four corners of the board. The best results are obtained by using 
flat paper. If the supply has been received in rolls, the sheets should 
be placed between flat surfaces and pressed before using. If the 
paper does not lie flat on the board, small brass thumbtacks may be 
used on the margins. Great care must be taken in order to mount 
the paper so that it is tight. The thumbscrews are slightly sunken, 
but when freshly mounted in fair weather it should not be necessary 
to turn the thumbscrews in the entire way to have the paper tight. 
The paper will be inclined to buckle during unusually moist condi­
tions, and it can be tightened by turning the thumbscrews all the 
way down. With extreme changes in weather conditions some tend­
ency to buckle must be expected, but the skillful surveyor can keep 
this to a minimum through care, especially in mounting the paper. 

While in use in the field, the plane-table sheet should be protected 
by cover paper as much as practicable, in order to reduce its ex­
posure to a minimum. Medium dull-brown wrapping paper is suit­
able and reduces the glare on bright sunny days. 

The plane table in common use is made .approximately level by 
adjusting the position of the tripod (fig. 5). After firmly establish­
ing the tripod and orienting the board by rthe compass, great care 
must be taken that the plane table is not disturbed. The surveyor 
must not lean against it. Care must be taken also to avoid any 
magnetic attraction, such as steel culverts, railroad tracks, power 
lines, or other steel equipment. Pocketknives and similar objects 
must not be brought near the needle. Only brass tacks and fittin(Ts 
should be on the board itself. The compass needle should never be 
released except when in actual use. · 

Alidades.-The most satisfactory alidade for ordinary work is one 
made from a flat boxwood chain scale with two beveled white cellu­
loi~ edges.t fitted with folding sights and graduated into fiftieths of 
an mch (ng. 6). Where such a special scale in the field is used as 1 
inch to 2,000 feet, alidades especially graduated should be provided. 
The alidade should be carried in a leather case and not used for office 
work. Care must be taken that the edges do not become dented. 
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FIGUnlll 5.-Plane table assembled for use. 
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The station occupied is located and a fine sharp-pointed needle, 
fitted with a wooden cap, is pressed into the paper. The edge_ of 
the alidade is placed against the needle and a sight taken by rotatmg 
the alidade, keeping it tightly against the needle until the two sights 
of the alidade are directly in line with the dista?t o~ject. WitJ:t the 
alidade held down firmly on the paper, a fine lme IS drawn With a 
hard, sharp pencil from the needle toward the object. Th~ length of 
the line is determined by the measured distance. No line longer 
than the compass needle should be finally plotted from one sight. 

Mounting partial maps on the plane table.-Other maps, such as 
base maps or partly completed soil maps, may be placed on the 
board by brass thumbtacks. The plane table is oriented carefully by 
the compass in some known position shown on the map from which 
a distant known point, also shown on the map, is clearly visible. A 
faint line is drawn between the two points and the alidade kept 
carefully parallel with this line. The map is placed in approximate 
position and lightly fastened by one tack in one corner and then 
rotated carefully until the alidade is sighted directly on the distant 
object. The map then may be fastened firmly by additional brass 
thumbtacks. When constructing a base map, the sheet should not 
be removed until the primary traverse is completed and preferably 
not until the entire field work is essentially completed. . · 

COMPASSES 

The most commonly used compass is the one fitted into the plane 
table. Frequently, however, as in heavily wooded areas and 
especially for short foot traverses, the plane-table compass cannot be 
used as conveniently as other types of compasses. The compass next 
most commonly used is the forester's or geologist's compass shown in 
figure 7, A. For short secondary traverses this compass is held. in 
the hand, but for more accurate work a Jacob's staff must be used 
as a support. Simple box compasses or other less precise instru­
ments are not satisfactory for soil-survey work. 

Compasses are delicate instruments and must be handled care­
fully. It must be a strict rule with all types of compasses that the 
n~edle be lifted from the center pin immediately after use. Espe­
Cially a compass must never be moved from one place to another 
with the needle resting on the center pin. 

Upon entering a new area the compass will frequently be found 
to be out of adjustment. The sliding weight on the needle must be 
moved if the needle is so out of balance that one end touches the 
glass C?ver of the box when leyeled .. Th~ forester's compass should 
be set I~ respec~ to the magnetic decimation so that readings can be 
taken ~Irec~ly .I~ respect to ~rue north, thus obviating the necessity 
of making mdiVIdual corrections after each reading. 

The sundial compass.-The sundial compass most commonly used 
in _soil surveying resembles the forester's compass, except that a 
strmg extends from_ th~ top o~ the rear sight to the opposite side of 
the box and a sundial IS proVIded on the margin (fig. 7, B). This 
compass cannot be used in the hand but must be well supported by 
a_ ~ acob's staff. The ins~rument is fitted with a compass needle 
similar to that of the ordmary forester's compass, such that it can 
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be used also in nonmagnetic areas, but primarily it is for use in areas 
having magnetic attraction. . 

Obviously it is impossible to calibra~e this instrumel?-t so that It 
can be used in all places or even durmg all months m the same 
place. Thus each compass must be SJ?ec_iaUy stand~rdized from time 
to time in the partic-ular area _where It IS used. FI~st, ~ true north­
and-south line must be established. If the attractiOn Is only local, 
this can be done with a magnetic compass in a nonmagnetic part of 
the area. Generally a line of ~own ~in~ction wi~l _be. avail~ble 
even in a magnetic country. But If one IS not, and It IS Impossible 
to find a nonmagnetic part of the area, arrangements will need to be 
made for the services of an engineer equipped to establish such a 
line by astronomical observations. After the compass has been 
oriented in a true north-and-south line, beginning early in the morn­
ing and continuing throughout the day, readings must be taken on 
the sundial at intervals of 5 minutes. Obviously these readings can 
be made only during a clear, cloudless day. The surveyor must be 
equipped with an acc-urate watch which should be checked against 
the true standard time as frequently as possible, preferably daily. 
A watch varying more than a few seconds in 24 hours is unsatis­
factory for this purpose. After the readings have been obtained, 
they may be plotted on regular coordinate paper, using the time by 
the watch as one axis and that by the sundial as the other. A curve 
showing the relationship between the two can then be drawn by con­
necting the points. The curve will have small but irregular and 
significant variations from a straight line of 45°. This curve will 
need to be carried by the surveyor in the field. · 

In order to establish a direction in the field with a sundial com­
pass, the instrument is set up firmly with a Jacob's staff and leveled. 
A point on the curve 1 or 2 minutes in advance of the time by the 
watch is chosen and the equivalent time on the sundial noted from 
the curve. The compass is moved so that the instant the chosen 
time on the watch is reached, the equivalent time is indicated on 
the sundial. For example, suppose the time by the watch is 10:38 
and by consulting the curve, it is noted that when the time by the 
watch is 10: 40 that by the sundial is 11: 18. The compass is turned 
so that the shadow of the string falls on 11 : 18 of the sundial pre­
cisely when the watch reads 10: 40. The compass is now oriented 
in a true north-and-south line. By releasing the needle and noting 
the variation, the direction of lines in respect to true north can be 
obtained. It should be pointed out that orientation by this method 
is more dependable in the middle of the day than in early morning 
or late afternoon when the shadows move more rapidly. 

SOIL-SAMPLING TOOLS 

The soil surveyor's most important tool is the humble spade (fig. 
8, A) supplemented by the pick and the soil auger. For careful 
examination of soil profiles, as in the initial work of preparing a 
mapping legend, the spade is used almost entirely. For the frequent 
and more hasty examinations of the soil in mappincr it is generally 
superior to the auger but not always so. For ex~;nple, the chief 
differentiating characteristic between two soil types may be simply 
the distance to an underlying stratum of clay at considerable dt>pth 
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or .to ~ariations in the color of the substratum, and in such instances 
the f?Oil auger may ~ better than the spade, from the point of view 
?f tune and convemence. Where structural differences in soil are 
unportant, as th~y fr~uently are, the soil auger is of little use. 
In dry1 stony soli, neither can be used very rapidly but the soil 
auger IS out of the qu~stion and the pick becomes ~ most useful 
tooL . Whe!lever practical, the spade should be given preference 
over t~e. soil a~ger, as a better and more complete exammation of 
t~e SOil IS possible. In. areas where the soil auger is used to con­
siderable extent, the sOil types must in all instances be examined 
with a spade in order to establish completely their internal · 
morphology. 

B c 

FlOUR£ 8.-:>oil-samJ>ling tools: A, StjUare-11ointed spade, especially useful In rolleetlng 
samples; IJ, side viPw and C, front view of post-bole spade, tbe most generally useful 
sampling tool; and D, soil auger with exten•ion. 

The best spade for ordinary use in the field is a modified post-hole 
spade shown in figure 8, B and 0. The common tiling spade tapers 
somewhat too much at the end and the metal is ~enerally too thin. 
The sharp corner of the post-hole spade shoul<t be removed for 
best results. For use in collecting samples, especially after the 
preliminary excavation has been made, the flat square-pointed Sf?ade 
IS most com·enient. In desert sections where deep holes are reqmred 
and soils are gravelly, stony, or more or less cemented, the long­
handled irrigator's shovel is more useful than the ordinary spade. 
It may be necessary to supJ.>lement this with a hea''Y crowbar. 

The soil auger is shown m figure 8, D. This tool consists essen­
tially of a 1%-inch wood auger, from which the cutting side flanges 
and ti{> have been removed, welded to a steel rod or iron pipe with a 
crossptece at the top for a handle. For ordinary use., the auger is 
from 40 to 48 inclu•s long with pro,·ision for adding extra le~gt:h 
for deep boring. Where an auger must be used a great deal, 1t IS 
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usually convenient to have one of the length most commonly used 
made solidly throughout and another extension auger for the deeper 
boring-s. For use with soils of exceptionally high clay content, a 
bit 1 mch in diameter may be more convenient than the larger one. 
It is a great convenience to have the distances in inches from the 
tip of the auger marked on the shaft. 

The appearance of the soil is frequently decidedly changed when 
removed with the soil auger as compared to that which It has in 
place. The beginner must use both the spade and the auger at the 
same spot, in order to note these differences and not be misled by, 
them. Although the auger is very simple in design and somewhat 
crude in appearance, considerable skill is required for its effective 
use in making dependable observations of the "soil profile. 

Suitable excavations frequently cannot be made, especially in 
hard, dry, stony, or gravelly soils, without the use of a pick which 
must always be part of the soil surveyor's equipment. In most 
instances a small trench pick will serve satisfactorily, but frequently 
a heavier one or a heavy chisel-pointed bar will be necessary. A 
geolo~ist's hammer also is a useful implement, especially for the 
exammation of rocks within or beneath the soil. 

Peat sampler.-For the examination of deep deposits of peat a 
special device is used. There are several such devices, but the one 
in most common use in the United States is the Davis peat sampler 
or some modification of it as shown in figure 9. The instrument 
consists of 10 or more sections of steel rods, each 2 feet long, and a 
cylinder of brass or duralu~inum approximately 14 inches long 
with an inside diameter of three-fourths of an inch. The cylinder js 
provided with a plunger, cone-shaped at the lower end, and with a 
spring catch near the upper end. When pressed into the ground, 
until the desired depth has been reached for taking a sample, the 
spring catch allows withdrawal of the plunger from its enclosing 
cylinder. Locked in that position, the instrument may be filled with 
a solid core of the respective org-anic material of that layer by a 
further downward movement. The cylinder protects the sample 
completely from any contamination and does not destroy its struc­
ture when the instrument is removed. Beginning at the surface 
downward, samples of peat are taken consecutively at intervals of 
6 inches or 1 foot. The lengths of steel rods used allow an easy 
estimation of the depth reached below the surface from which the 
respective peat samples are obtained. 

FIELD TESTING APPARATUS 

There are few reliable field tests of soils that serve a useful pur­
pose in the soil survey. One of the most useful and most important 
is the simple test for carbonates with dilute hydrochloric acid. The 
presence of carbonates in the soil or the parent material must be de­
tected1 since it has considerable bearing on the characteristics of 
the soils important in soil classification, as well as on the capabilities 
of the soils for plant growth. When testing dry soil with acid the 
emission of a few air bubbles must not be confused with actual effer­
vescence of. carbon ~ioxide. When testing rocks and especially rock 
fragments m the s01l, these must be broken and the acid applied to 
the fresh break. Hard dolomitic limestones frequently do not effer-
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FIOIJRK 11.-l'rnt eamt>IPr: ~. tbe ht'ad elo....t. rt'AdY for t•uobln~r Into toe prat: ,. , fR~ 
head utrntll'd, •• Juat prior to taklo& a aAWI'Ie; 0, ooe 2-fuot P&II."D~IoD rod, llbd 0, tbe 
tup t'&t•nMIOD rod. 
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vesce when treated with cold dilute hydrochloric acid. Hydrogen 
peroxide (1% to 3 percent) may be used satisfactorily in testing :for 
manganese dioxide by noting the effervescence. 

Several tests, based on the use of one or more colorimetric indi­
cators, are available :for estimating soil reaction in the field. In 
general such indicators appear more reliable. with soils under about 
pH 7.5 than with those more alkaline. Testing outfits requiring a 
minimum of equiJ?ment are to be preferred, as It is :frequently diffi­
cult to obtain distilled water in the field, which is of suitable qualitY. 
:for rinsing containers. Tests using wax paper for holding the sml 
to be tested have the great advantage of not requiring any washing 
of equipment in the field. Depending on the particular soil region 
and the problems to be met, the party chief will decide what reaction 
test to use, i:f any. It is usually advisable to make sufficient tests of 
soil reaction :for a determination of the general hydrogen-ion limits 
of the horizons of the soil types shown on the map, especially in 
areas lying within the general region of the Pedal:fers. On the basis 
of the experience of people making tests on similar soils of the 
general region in which the survey is located, a suitable test will be 
chosen. As conditions vary somewhat from area to area and as 
improvements in the testing outfits offered for sale are constantly 
being made, no definite recommendations will be given here. 

Determinations of hydrogen-ion concentration are made in the 
laboratories of the Bureau of Chemistry and Soils on the official 
samples collected for correlation, by the use of the hydrogen or glass 
electrode. If, for any reason, a doubt exists regardmg the accuracy 
of the field method in use duplicate samples of several different 
soils should be sent to the laboratory in Washington for checking, 
or to the laboratory of any cooperating agency equipped to do accu­
rate work. Small differences in reaction of Solonchak and Solonetz 
soils, by tests used in the field with indicators, ordinarily are not 
sigmficant. The equipment required for determining the salt con­
tent of such soils will be discussed later. 

Field tests for available plant nutrients, such as phosphorus, have 
not been developed to the extent that definite recommendations can 
be made now. The problem of devising chemical tests that may be 
used in the field is being actively investigated, and soil surveyors 
probably may look forward to having such tests sometime in the 
:futur~ m order to give their descriptions of soil types more specific­
ity. o::;everal tests are now on the market, but it appears certain that 
no one test will be suited to all soils, and the range of suitability of 
the tests n<?w available remains to be determined. In many instances, 
test~ of this character have been developed by the State experiment 
statl?ns w~th which the _Department of Agriculture cooperates in 
making soil surveys. If It appears to the chief of the survey party 
t~at dependable tests for available plant nutrients are adapted to 
his area, he should make arrangements for their use to the extent 
that valuable information of use in describing the soils can be 
obtained. 
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PREPARATION OF THE BASE 1\IAP 

Soil boundaries an~ other symbols indicating soil conditions must 
be J?lotted upo~ a smtable base map. '\yhe;rn such a map is alreadY. 
available the soil data can be plotted on 1t drrectly· otherwise the soil 
surveyor mus~ prepare one. It is important that the base maps show 
the local ~etail !1-ccurately, a!ld local points of reference on the ordi­
nary detailed SOil m3:ps, pubhshed on a scale of 1 inch to 1 mile, should 
not be. over 1_25 feet m error. A correspondingly lower percentage of 
error IS req0;Ir~ _for 11?-aps of a larger scale. In addition to accuracy 
of loc~l detail, It 1S desirable that maps correspond to recognized carto­
graphic standards for maps_ of the same scale, in a geodetic sense. 

In the first place, the chief of party must be certain that he has 
all available useful cartographic data. Even if such data are insuffi­
cient in thelllSelves, they may be of great value in preparin(J' a base 
map and especially in adjusting the map for publication. o 

USE OF EXISTING BASE MAPS 

As soon as an area. is taken up for survey the chief of party will 
assemble and evaluate the data ava.ilable. Useful maps which are 
not on a. suitable scale can be reduced or enlarged to the appropriate 
mapping scale by photography. 

TOPOGRAPHIC MAPS 

The most important base m11ps used directly in soil surveying arc 
the tofographic maps made and published by the United States Geo­
logica Survey. Collectively).. these are desi~ned to constitute a topo­
graphic atlas of the United ~tates. For this purpose the country is 
divided into quadrangles, bounded by parallels of latitude and merid­
ians of longitude. Each sheet of the atlas is a map of some quad­
rangle. The quadrangle maps are published on different scales2 de­
pending on the needs and development in the various parts ot the 
country. The differences in scale involve corresponding differences 
in the size of areas represented. The 1° quadrangle (scale 1:250,-
000) is the largest unit, and the 15' quadrangle (scale 1: 62,500) is 
the average unit. Standard contour intervals are 1, 5, 10, 20, 25, 50, 
100, and 200 feet. The particular interval used depends partly on 
the scale of the map and partly on the character of the relief to be 
represented. 

Topographic quadra!lgles on the ~ca.le of 1:6¥,500 (slightly lar~r 
than 1 inch equals 1 mlle) and of fanly recent Issue are usually smt­
able for base maps in soil surveying. Transfer impress~ons from 
the original engraved plates may be used in the reproductiOn of the 
soil map with considerable saving in cost of both drafting and repro­
duction, provided the soil map can be published on the same 
scale as that of the topographic sheet. Maps of a l~rger seal~ than 
1:62,500 can be used to advantage in the field ma:r.pmg but without 
any saving in the drafting or x:eproduction of th~ soli map. ''\llenever 
the scale of the published s01l map must be different from that of 
the topographic quadrangles! the contours cannot be shown on the 
soil map without great additional expense. 

'Vhen topographic quadrangles are ll:sed as base maps they must 
be checked carefully for errors, particularly as to cultural fea-

990411"-SR-s 
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tures, and brought up to date. Especially where the t?pographic 
·sheets are old, revision may become more time consummg than a 
resurvey. The chief of party ~ust appraise the va~ue of any exist­
ing maps by a careful check m the field. OccasiOnally the base 
itself can be used, although the contours are not sufficiently accurate 
for publication on the soil map. 

REVISION OF TOPOGRAPHIC QUADRANGLES 

The revision of topographic quadrangles will involve as much 
new surveying as may be needed to correct errors and to add any 
symbols for new cultural features to the map. These must be tied 
to the unchanged cultural features. With such additions, some 
changes in relief and drainage, as shown on. the map, may be neces­
sary. Where the cultural revision is extensive, correspondingly 
extensive changes in the other symbols probably will be required. 
Revisions should always be made with the same care and in the 
same manner as a new survey. · 

All corrections and changes should be assembled on an extra sheet 
devoted specifically to this purpose. Preferably traverses are made 
directly on this sheet, but if this is not convenient they must be 
transferred to it accurately. This cannot be done with sufficient pre­
cision by freehand. Corrections must be made with inks of colors 
contrasting to those used on the map. Changes in culture may be 
indicated with red, changes in drainage with green, and contours may 
be corrected with purple. Small changes which easily might be over­
looked, such as the crossing off of a house, should be circled in red. 
Any doubtful points, which might lead to confusion in drafting the 
map, should be described by marginal notes. 

A definite plan must be arranged for checking the map such 
that no feature is overlooked. Civil boundary lines, especially those 
of newly incorporated villages or urban subdivisions, need to be veri­
fied. Occasional errors in topography can be corrected by sketch­
ing, but extensive revisions should not be undertaken. I£ the con­
tours can be accepted without much revision the corrections can be 
made before publication; otherwise it is better to omit the contours 
altogether. Changes in drainage usually require alterations in the 
contours. Each place name on the map must be verified; those 
fallen into disuse should be dropped and any new ones added. Fre­
quently, for example, rural post offices have been discontinued, due 
to the introduction of rural free delivery. · 

Ordinarily the largest number of changes will be in the symbols 
for roads and houses. I£ a house shown on the topo!!Taphic map 
has fallen into such a condition as to be uninhabitable without exten­
sive repairs, it should be dropped from the map. Frequently large 
numbers of new houses must be added. Primary roads may have 
fallen into poor repair and need to be shown as secondary roads 
~r omitted from the map e~tirely. Secondary roads may have been 
Improved to the status of primary roads. These corrections are made 
easily on the correction sheet by inking over the old symbols in red. 

The contours on the topographic map are useful in indicating the 
lay of the land, but the soil surveyor must guard against following 
them too closely with soil boundaries. Although soil boundaries 
frequently may be found to follow the contours closely, especiallY 
along the edge of entrenched stream bottoms, the broken edge o"f 
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terraces, and toJ?S of sha!"ply dissecte~ plateaus
7 
their position always 

must be deternu~ed by mdependent ~vestigatwns. Soil boundaries 
should be shown m black waterproof mk, preferably as dotted lines. 

REVISION WITH THE AID OF AERIAL PHOTOGRAPHS 

~he topographic map !~lay be revised in respect to culture and 
~ramage by the use of aerial photographs, a procedure that promises 
mcreasmg usefulness as the quality of the photographs and the 
methods of using them are improved further. ·The use of such pho­
tographs must be confined to the revision of maps having good 
ground control and the topographic details well adjusted. If the 
map which needs revision has insufficient control, aerial photographs 
cannot be used with accuracy until further control has been sup­
plied by additional field work and the map readjusted. Such a 
procedure is usually not warranted as compared to a complete 
resurvey. 

Aerial photographs taken with a sin~le-lens camera are especially 
useful for the revision of maps of cities, towns, or other closely 
built areas. Those taken with a multiple-lens camera are much less 
satisfactory, since the wing-J?rint parts represent exposures taken 
at an angle and show objects m such increased perspective that high 
buildings, and even ordinary dwellings, obscure the streets and 
render the ground plan of buildings indefinite. 

CHARTS OF THE COAST AND GEODETIC SURVEY 

By photographing to the same scale as that employed in the soil 
survey, the charts of the United States Coast and Geodetic Survey 
may be very useful, especially for the location of shore lines; These 
may be transferred to the field sheets under construction. The data 
from the charts must be checked carefully, to insure their correct 
adjustment, and tied to the traverses on the new map. As with the 
topo~aphic sheets, these charts must be revised in respect to any 
possi1:1le changes since their publication. 

GOVERNMEN.T LAND OFFICE PLATS 

The plats of the Government Land Office have been drawn from 
survey notes and although they cannot be used as base maps they 
are very useful in ch~cking plane-table a~d comp.ass traver~s. ~he 
distance between sectwn corners and the mtersection of sectiOn hnes 
with important streains and other prominent physical features 
usually is given accurately. The accuracy of the ?ata. on thes~ plats 
varies greatly but in areas where they are available the cluef of 
party alw~ys ~hould have. them at his disposal. and use t~em to the 
extent their accuracy merits. 'Vherever practicable, ·secbon corners 
and meander points should be located and shown on the field sheets 
by appropriate symbols. In many areas having few r<?a~, tl1ese 
section corners furnish the most important control for adJustmg the 
map. 

USE OF AERIAL PHOTOGRAPHS 

Considered from the point of view of loc~l detail .alone, the best 
base upon which to place soil-survey data. IS a \'ertlc.al smgle-lens 
aerial photograph of convenient scale ~nd ~d quahty. In o~n 
country it is possible to keep close location with such a photograph 
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without reference to ground measurements or orientation by compass. 
This can be accomplished simply by reference to features of the land­
scape that are sufficiently conspicuous to appear on the photograph. 
In most open country, trees, buildings, fences, and streams are numer­
ous enough to enable the surveyor to determine his location and to 
delineate soil boundaries and other features in reference to the visible 
objects. The disadvantage of aerial photographs lies chiefly in their 
variation in scale, both within the individual photograph and between 
photographs, and in the difficulty of reducing and assembling the 
material into a small-scale map. 

Detailed mapping is done either upon the aerial photographs or upon 
transparent material, such as thin sheets of cellulose acetate, fastened 
over the aerial photographs. The photographs, together with the 
transparent overlays, may be carried into the field in a Tatum holder, 
on a light traverse board, or in some similar mami.er. In a locality 
where there is considerable timber, some surveyors prefer to use a 
light traverse board, fitted with a small compass, and a Jacob's staff, 
for convenience of orientation. 

By using the transparent material over the aerial photographs, the 
features and the detail of the photographs can be seen readily, but 
as the sketching is done on the covering material, the map data, such 
as roads, houses, and soil boundaries, are kept separate from the photo­
graphic detail, leaving the pictures unharmed for future reference. 
Two types of transparent material are used. One has a lightly etched 
finish on one side that will take pencil readily and upon which erasure 
is easy, but such a sheet is not quite so clearly transparent as the un­
etched material. The perfectly clear, or unetched, material will not 
take pencil lines but requires ink. The use of ink in the field has 
certain disadvantages, but it has been found practicable. to use certain 
kinds of ink in fountain pens, and some work has been done in this 
way. The photograph itself is perfectly visible through this type of 
material, th~ ink dri.es quickly t and the copy is clear and makes good 
photographic reductiOns or optical images when the data are assembled 
into a final map. 

In practice it is found that much of the photographic detail may 
be sketched on the overlay sheet or photograph before going into the 
field. Roads, visible section lines, .field fences, streams, and even some 
perfectly obvious soil bom1daries can be traced tentatively. Pictures 
of hilly wooded country can be studied stereoscopically in the office, 
and in places drainage can be drawn best under the stereoscope. Such 
office work also allows the planning of traverses, in order that the 
surveyor may see and examine the places that are obscure on the pic­
ture, with a saving of time in the field. 

Each overlay sheet covers only a relatively small area, depending on 
the scale of the photographs, but the sheets are joined readily because 
they are transparent. Well-made photographs althou<Th they may 
vary slightly in scale, are usually sufficiently uniform in tl1is respect to 
allow proper joining. 

Although the preparation of a soil map from the overlay sheets or 
photographs is a problem for the drafting room rather than the field, 
it is frequently done by the men who did the field work, or under their 
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dir~ction. There are two general methods of handling this problem, 
which have been used successfully. Both involve the preparation of a 
cont:olled base map and the fittmg of images or photographic repro­
ductiOns of the oyerlay sheets,_or the aerial photographs, into it. The 
work of assemblmg and plottmg the control data is done by experi­
enced cartographers. The preparation of a suitable base map however 
may involve the runn~ng of trav.erses in the field to supple~ent othe; 
control data and furniSh a sufficient number of well-located lines and 
points for proper orientation and location of the small field sheets 

Foll?wing the preparation of the base map, the assembly may be 
done either _by pnotography or by means of a projectoscope. In the 
photographic method, each of the small maps on the field sheets is 
reduced to its proper scale by fitting its image into its proper place in 
the base map by means of an autofocus reducer. The image, when 
once adjusted, is thrown upon photographic paper and the photograph 
made and developed. It IS then necessary to trace this in its proper 
place in the base mal?· 

The other method mvolves throwing an image of the field sheet into 
its proper place in the base map by means of a projectoscope and 
tracing the lines of the image directly. 

Experience indicates that the scale of the photographs may range 
from 3 to 6 inches to the mile for ordinary soil-survey work. On such 
a scale all such detail as can be reproduced on a published map of 1 
inch to the mile may be drawn. A scale of 2 inches to the mile has been 
found convenient for the assembly, or base map. Further reduction 
to publication scale can then be accomplished by photography. 

PLANE-TABLE TRAVERSE 

It frequently happens that no accurate base map is available for 
the area that is to be covered by a soil survey. It is then neces­
sary for the soil surveyors to construct a base map by plane-table 
traverse. The making of such a traverse consists of plotting on 
paper the direction and distance of certain essential features of the 
landscape in such a way that the objects shown occur on the map 
in the same relative positions they occupy on the surface of the land. 
By adding names and symbols to the various objects shown, a clear 
impression is conveyed as to the character of the country. Altho~~h 
the system used is simple and the operations performe~ easuy, 
it is only by constant care and strict adherence to the exactmg rules 
of performance that a base map of accurate character is produced. 
The secret of good plane-table work is almost entirely a matter of 
care and neatness. The soil surveyor usually becomes sufficiently 
proficient to carry on coincidentally both construction of the base 
map and soil mapping1 after the primary traverse ha~ been comple~d. 

The equipment reqmred for a plane-table traverse mcludes a spec~al 
type speedometer to be attached to the front w!1eel of an automobile 
for measuring distances, a plane-table .board w1th attached comp~ss, 
tripod, alidade, sharp-pointed fine sewmg needles, hard-lead pencils, 
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erasers, drawing paper, notebook, and cover paper (to protect the 
unfinished map). The special equipment has already been described 
and illustrated. · 

First, the main roads are traversed with the plane table. The other 
prominent natural or cultural features adja.cent to them are located 
at the same time, including especially any control points, such as tri­
angulation stations or section corners. This grid, or skeleton, is 
called the primary traverse and should be completed and closed with 
acceptable accuracy before any detail is placed on the map from 
secondary traverses within the grid. Almost any point may be 
chosen for a starting point, but it is best to select a well-located 
point near the center of the sheet. An intersection of two roads 
leading to the four sides of the sheet would be ideal. 

After the plane table has been set up and leveled, the compass 
needle is released and the board turned until the needle is coincident 
with the north-south line in the compass box. Since needles may · 
be slightly bent, the check should always be made with the north· 
point. This orients the paper. A sharp-pointed needle is pressed 
into the paper in the approximate position which the plane table 
occupies in respect to the area to be shown on the sheet. In order 
to represent on the map a line between the plane table and some 
distant point., the margin of the alidade is placed against the needle 
and rotated until the two sights are directly in line with the distant 
point. ·while the alidade is held firmly in place, a fine line is drawn 
on the paper. Distances between the two points along the road are 
measured with the speedometer. Additional "shots" may be made 
at buildings and other prominent points. 

When the work at the initial station is completed, the compass 
needle is lifted from its pivot, and the instruments are placed in 
the autotruck. The surveyor then proceeds in the direction of his 
shot, carefully noting the speedometer reading at the start, as streams 
are crossed, as other features are passed, and especially as the point 
on the road at which he sighted is reached. He then continues 
along the road until it bends, until he has reached a distance on 
the ground somewhat less than one-half the length of the compass 
needle on the map, or until he reaches a road intersection or some 
other place where a new set-up must be made. 

The plane table is set up and oriented at this new station. The 
distance from the first station to the end of the first sight is laid 
out with the scale on the alidade and the needle pressed into the 
paper at that point. By placing the alidade a~ainst the needle and 
sig~ting back ~pon that point, a li~e can .be d.rawn to the present 
statiOn. The distance from the turnm~ pomt to the present station 
is laid out ~~th the scale and the needle pr:essed into the paper at 
the new position of the plane table, after whiCh a new forward sio-ht 
is taken on the road and any necessary shots are made alono- inter­
secting roads or at other points. If the field work is done on"' a scale 
of 2 inches to 1 mile, as in most soil mapping, measurements can 
be plotted within about 15 feet. 

It will be no~ed from the above that the plane table is set up at 
every other statiOn or at every other bend in the road if intermediate 
set-ups are unnecessary. This is called the "system of turning 
points." Great care must be taken that there is no steel culvert or 
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similar object to cause magneti<; interfer~nce. ~f in doubt, the plane 
table should be set up at the mter~ediate pomt and the previous 
forward shot checked by a back sight. Where there is magnetic 
a~traction whi~h c~nnot be avoided, traverses can be made for a short 
distance b~ oz:Ientmg: the board by back sights rather than with the 
compass. This reqmres a set-up at every station. The alidade is 
placed firmly on ~he paper :parallel to the last forward shot and the 
bo!lrd turned until the preVIous station is sighted. The map is now 
oriented and, after deterf!Uning t~e present position of the plane 
table on the map by plottm~ the distance, a new forward sight can 
be taken. . When the board 1s oriented by the compass the error is 
compensatmg, but when oriented by back sights it is accumulativ~. 
The equipment already described and used in ordinary soil surveying 
is not ~ufficiently precise for use without the compass, except for 
short distances. 

At the same time the plane table is set up for making sights along 
the line of traverse, houses and other features near the road may 
be plotted from the measured distances and by si"'hting with the 
alidade. Frequent stops to examine soils and to make side traverses 
will be necessary while making secondary traverses but should be 
avoided while the primary traverse is in progress .. 

Houses and other objects distant from the road may be located 
with sufficient accuracy by the intersection of sights made from two 
or three stations. The distance between these stations must be suffi­
ciently great that the inside angle is about 90°. This technique 
is referred to as "graphic triangulation." It is much simpler than 
the trian~lation executed with more precise instruments. Trees and 
other obJects along a stream in open country may be located tempo­
rarily in this manner as a guide to sketchmg the stream channels. 
Similarly, other points may be located as an aid to sketching soil 
boundaries and for locating rock-outcrop symbols and similar fea­
tures. It is also frequently desirable to locate, by intersection, trees, 
hills, and other distant landmarks as an aid to checking subsequent 
foot traverses through areas distant from roads. 

·No attempt should be made to correct lines and sights to true 
north although the l~cal variation ?f the compass ~ho~ld be ascer• 
tained from local engmeers or pubhshed data and mdicated on the 
plane-table sheet. In regio!ls where. r~ads and other lines exte_nd at 
wide variance from ma"'netlc north 1t 1s often found to be desirable 
to attach the compass a~ such an angle .to the side of. the table board 
that there will be sufficient compensatiOn to cause lines of roads to 
extend approximately parallel to t~e edge of. the board and thereby 
nllow convenient joining of the variOus sheets. Extreme ~~re should 
be taken to maintain the compass in exactly the same positiOn on the 
board from the time a sheet is begun until it is completed. . . 

All traverse work on a sheet. should be based on one startmg pomt, 
preferablv near the center. Ordinarily, more acc~Irate t~averses are 
made by starting each sheet fJX)m a separate startmg pomt m;ar ~he 
center than by traversin"' to the. edge of one sheet and cont~m~mg 
from the margin toward the inter1or of another sheet. Some d1stmct 
feature such as a cross road or a tree, near the ed~ .of tl~e sheet, 
should he selected as an end point for the tz:averse. ·thls pomt must 
be well marked so it will be easily recogruzed when later traverse 
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work reaches it on the adjoining sheet. It is ~e~r.able, and. fre­
quently :possible, to traverse roads common to adJOining sheets. It 
is essential that such common roads be located on each sheet by 
individual traverses in .order that the sheets may be properly joined 
and adjusted. 

Secondary traverses are made, after the primary traverse has been 
completed, between the principal traverse lines for completing the 
base map and soil map. Except in heavily wooded or brushy country 
the plane table can be used conveniently. The technique IS similar 
to that employed for the primary traverse except that much of the 
measuring must be done by pacing. Foot traverses must be tied to 
control points such as sectwn corners or other points located by the 
primary traverse at frequent intervals. In many instances, where 
secondary traverses are made over hilly or broken terrain, it may 
not be possible to pace accurately and the surveyor must locate 
himself by other means. 8 

The plane table can be set up, oriented with the compass, and 
sights taken at two or more previously located points. The new 
station is located at the intersection of the lines drawn from these 
sights. Stations should be selected such that the lines are as nearly 
at right angles to one another as possible. Every effort should be 
made to check each location made in this way by sighting at a third 
point. 'Vhen mapping in very rough country it is commonly neces­
sary to place special flags in conspicuous places for use as control 
stations. In sectionized areas it may be possible to identify section 
corners, which may be located on the map by construction from the 
grid of the primary traverse, supplemented by data from accurate 
Land Office plats, and these points used for checking secondary 
traverses or as control stations when locating new stations by 
graphic triangulation. 

If it is necessary to occupy a point where the plane table cannot 
be oriented by the compass, due to local magnetic attraction, and 
to which measurement cannot be made, the location can be deter­
mined as follows: A forward sight is taken from a known point 
toward the new position. (This may have been done at any time 
prior to the final location.) The plane table is then set up at the 
new station and oriented by sighting back at the previous station. 
A sight is taken at some other known station, and the intersection 
of the two lines gives the location of the new station. It is better, 
~owever, to locate such a point by sights taken from both known sta­
tions,, and if .the plane table cannot ~e set ~p in the exact spot which 
was sighted It may be set up along either hne of sight, oriented by a 
back Sight, and the proper allowance made for the distance between 
the located point and the new station. 

CONTROL FACTOR IN MAP ACCURACY 

The field sheets, when completed and sent to the drafting office 
are joined and adjusted to control points by cartographers so that 
the completed map is geographically correct indicates the proper 
position and shape of the area on the earth's surface and shows 
the relative direction from and distances between all points in the 

8 For a more detailed discussion see Beaman (1). 



SOIL SURVEY MANUAL 41 

area. The control that is necessary for the accuracy of the map em­
braces first th~ primary control on which the survey for the map 
must rest. Soil surveyors are not equipped to execute this primary 
control. There are few areas in the United States which cannot 
be tied, ~y distances and direction2 with points already established 
and obtam~ble from the records ot the Coast and Geodetic Survey, 
the Geological Survey, the Lake Survey, the Corps of Engineers 
of tlie Army, or the Mississippi River Commission. These records 
must ~e util~zed to the ~llest extent, and information drawn from 
t~em IS furmshed the ch~ef of pa_rty ~ho should not fail, under any 
circumstances, to be certam that his prrmary traverses are tied to these 
points which have been located accurately by other governmental 
agencies. The greater the number tied to the soil map, the better 
will be the result of final adi" ustment. It is essential that control 
points be tied to the plane-tab e traverse by actual traverse or when 
the control point is conspicuous, by intersection of at least' three 
sights from the primary traverse. 

This primary control is supplemented by further control obtained 
by means of the mapping operations, of plane-table traverse, and 
plane-table triangulation. As a result the area under survey is so 
gridironed or covered by lines and locations that no essential map 
feature is so far from a traversed line or located point that It 
cannot be seen and delineated satisfactorily. 

It is also absolutely necessary that range, township, and section 
lines, railway stations, mileposts, and similar features be indicated 
for purposes of making correct adjustments of the traversed roads 
and other features on the map. 

It is helpful to the map adjusters in the drafting office to have 
the directions of the main traverse shown by small arrows pointing 
in the direction the traverse has proceeded. Curved arrows shown 
in red ink are used to indicate the connel:tion required for points 
of closure, where a closure error occurs. Where overlapping or 
crossin(J' of plotted lines occurs at tl1e point of closure, the closure 
error i;' indicated by a looped line in red ink. . 

Careful judgment will be required to cover the entire map ade­
quately to the end that there is no part of the area which has not 
been properly investiO'ated and that too much time is not devoted 
to parts that happen t~ be easy of access and too little given to other 
parts that happen to be difficult ~f access. 

ACCURACY OF OBSERVATIONS AND OF PLOTTING 

Although it is a waste· of effort and expense to exec~te surveys 
on the ground with an accuracy greater than that whtch can be 
plotted on the scale of the field sheets, there will be .a failure to get 
full value from effort and expense already incurred if the results of 
the field work are plotted with an accuracy less th9:n that of the 
observations themselves. The soil surveyor. must tlunk, ~here~ore, 
of ground features in terms of scaled map distances and ~rmenstm~s 
and correctly plot his measur~ments un?er favorable plottm~ oondt­
tions of light and magnification and witho!lt parallax. Rennement 
in paper work is fully as important as care m fi~ld me~surements. . 

The map should be as consistently accurate m ~ll 1ts parts as 1S 
practicable. If two or more field men are responstble for the map-
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ping of independent areas on the same or adjoining plane-table 
sheets, they should compare their maps, not only at their common 
borders, but throughout, in order that they may reconcile any dif­
fering mterpretations of the country or of the instructions under 
which they are working. One of the principal duties of the chief 
of party is to harmonize the. work and bring about uniformity in 
all phases. of the mapping. · 

The date of survey is given on each published map, and the accu­
racy of the cultural representation must be considered as of that 
date. Although reasonable effort should be made to obtain informa­
tion regarding all important changes in culture, even though the 
area affected has been mapped previously in the survey operations, 
no proposed road, house, or other feature that has not been con­
structed and on the ground should be shown. Such features as 
roads and railroads under construction may be plotted so far as 
actually graded, but unless they are known to be in use when 
the map is inked they should be shown on the final drawing in red, 
as features not to be included on the published map. 

The most obvious source of inaccuracy in a map is error. A map 
error may be caused by an incorrect measurement or an inaccurate 
plotting of a distance, by the incorrect measurement of an angle, 
or by an error in a field computation. An error in sketching may 
also result from the misinterpretation of the shape of a distant 
or otherwise veiled feature seen in perspective. If an error is 
followed by another error that is made in the opposite direction 
the errors are termed compensating, as one tends to offset the other. 
'Vhere compensating errors are nearly equal, the results under certain 
conditions, as in compass traverse work, may have a false appearance 
of accuracy as the traverse will close and yet be in error in two or more 
places. In general small compensating errors may be disregardedi 
but where such errors ar~ large they are a source of difficulty unti 
found and corrected. In this connection it must be stressed again 
that accuracy of local detail is especially important on detailed soil 
maps. · 

In order to guard against error, all traverse lines so far as prac­
ticable should be run in circuits closing on themselves or run from 
one located point to another; and, barring compensating errors, a 
line that closes or checks is assilmed to be correctly plotted. Long 
traverse circuits should be avoided if possible. The errors to be 
guarded against especially are those which may result from isolated 
measurements, unrelated to other features, and the possible accumu­
lation of errors in unchecked lines. There "is almost always a failure 
of the traverse to close exactly, even if no mistakes have been made 
in measuring, sighting, and plotting. This is due to natural causes 
and occurs in the most'exacting surveys with the most precise instru­
ments. The normal result will be, therefore, a lack of exact joining 
of the completed circuit. Such errors are known as "closure errors." 

These closure errors must never be adjusted in the field but must 
be shown as such and the adjustment left to the drafting office. This 
closure error must not be greater than the allowable error for the 
survey. If the error is large and not revealed by replottin()" the 
field notes, the traverse must be run again. It is very imp~rtant 
that ~losure er~ors be shown distinctly, to enable the cartographer 
to adJust the lmes of traverse and other features into their proper 
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places. These should be shown in red ink ne¥er in towns but at 
points where they will not be confused with symbols for f~atures 
For this reason traverses should not be started in con(J'ested areas. 
The location, by intersection, of prominent features of the landscape· 
such as trees~ to":ers, or hills, at some distance from the line of 
trav~rse can t>e Sighted frequently :u; a check for indicating any 
considerable errors that may occur m plotting and sighting. The 
ca~eful traverse man constantly provides checks for his work in 
this way. 

The plane-table methods employed in mapping enable the sur­
veyor to detect and correct most errors in the measurement of dis­
tances and in plotting, because such errors usually produce erroneous 
mapping tha~ will not fit other data that are correctly placed from 
other controL The check on the accuracy of the map that is afforded 
by its constant comparison with the features themselves as they 
are. being mapped is a test that is repeatedly applied by the ex-
perienced surveyor. . 

Inaccuracies m a map may also result from omissions. A house 
or a name may be omitted because of simple neglect or because of a 
lack of sufficient supplemental controL In the first instance there has 
been lack of care, and in the second the standard of accuracy is 
deficient. The omission of essential features from a map because 
they were not seen or recognized as such during the progress of the 
field work can be guarded against only by close observation combined 
with a control that is fine enough to close all unseen gaps. A feature 
that has been plotted in the field may be lost before it is inked 
because of faint penciling, or it may be lost during the inking 
through inadvertent erasure. Faithful proofreading 1s the safe­
guard against such omissions. 

In a sectionized country where Land Office plats are available, 
it is desirable to check the J?lane-table traverse with these and indi­
cate the section and townslup corners on the plane-table map. The 
location of section lines should not be plotted on the plane-table map 
from Land Office surveys alone, as the older of these plats are some­
times in error. In areas, however, where these plats have been checked 
and found to be accurate, the measurements serve as a useful check, 
especially in those parts of the area having no roads. All measure­
ments shou~d be made with the speedometer, and ~he section corners 
should be mdicated so that the map can t>e adJusted later to the 
Land Office plats and other control. After the primary traverse has 
been completed and as many section corners located as possible, the 
section lines can be drawn in, using the L~nd Offi~e plats, where 
accurate for section lines distant from the traverse hues. Attempts 
of the fi~ld man to adjust ~is plan~-table t~ave.rse to land lines and 
corners in the field accordmg to distances mdtcated by some other 
survey frequently result in confusion and difficulty to the cartofO'­
rapher, who finally connects the sheets an.d adjusts the m~p. f 
any other data or measurements of any kind ?t~1er than hiS o~n 
are used, distinct notations should be made, gtvmg the authority 
for the data. 

TRAVERSE NOTES 

Measurements of distance between traverse points, and featut'l"s 
between st&tions, such as turning points, streams, crossroads, houses, 



44 MISC. PUBLICATION 274, U. S. DEPT. OF AGRICULTURE 

and soil boundaries, should be recorded in a suitable notebook. A 
convenient method of recording readings is to begin at the bottom 
of the notebook page and proceed upward as the. work progr~sse~. 
Readings taken at houses

1 
streams, and other pomts can be mdi­

cated by a symbol at the s1de. By the side of the speedometer read­
ing, the exact distance can be set down. These notes must be preserved 
carefully for future reference until the work is completed. A fre­
quent check of total distance along the traverse, as shown by the 
speedometer, with the sum of the plotted distances, serves to indicate 
any possible errors in plotting. In this way errors in plotting can 
be apprehended before the traverse has progressed to the point where 
correction would be difficult. 

COMPASS TRAVERSE 

The compass traverse in certain instances may be used as a sub­
stitute for the plane-table traverse, especially for secondary traverses 
in heavily wooded areas. It should be used only under circumstances 
which make use of the plane table impossible or impracticable. For 
example, it is not /ossible to carry a plane table through dense 
woods or brush, an in places where there is local magnetic attrac­
tion it is sometimes more convenient to use the sundial compass 
than other more elaborate devices. The compass requires more time 
than the plane table, since each reading of the compass must be 
plotted on the map by use of a protractor. 

Under ordinary circumstances in wooded country it is best to 
:follow a straight line with the compass and avoid the need :for plot­
ting :frequent changes in direction. This is especially true in section­
ized country where the surveyor can follow land lines and where 
he has an opportunity: to locate section corners as a partial means of 
control. Of course~ 1:f the walking through the brush is unusually 
difficult, time may be saved by plotting the traverse on a footpath 
or trail, but ordinarily these roads and trails are so crooked that 
their ease of travel as compared to that of the brush doas not com­
pensate :for the time required in plotting their meanderings. A com­
plete record of the compass readings and of the number of paces 
traveled must be preserved carefully :for any necessary recalculations, 
should errors develop. The compass readings should always be noted 
as so many degrees east or west of true north or true south, which­
ever is more convenient. 

No compass less precise than the ordinary geologist's or forester's 
compass already described should be used :for traverse work in soil 
surveying. The common pocket, or box compass, although con­
venient for picking one's way, is not suitable. With a good instru­
ment and experience in the woods, a surveyor can run satisfactory 
lines :for distances that are not too great. Especially where measure­
ments a:re made by pacing, freque~t checks on section corners or con­
trol pomts established by the prrmary traverse are essential. 

PACING 

Essentially all of the ~easurements of sho~t · distances plotted on 
the map are made by pacmg. Each pace consists of two :full strides, 
and the paces are counted by counting alternate strides. For this 



SOIL SURVEY M.ll."UAL 45 

counting a surveyor sho~d a~waY:s use a ~ally register and not at­
tempt to carry the counts m his nund, for 1f he does he is absolutely 
certain to fail, either to count accurately or to note features of the 
landscape as he walks along. Each surveyor must determine very 
carefully the length of his natural stride. He must train himself 
always to .keep this natural stride, regardless of the slope or ground 
cover. HlS paces must be exactly the same on the open highway as 
they are in the brush or in_ the fields. The pacing of each man must 
be standardized against a known distance and a table prepared r>how­
ing the number of paces for each division on the mapv.ing scale. 
For exampleha surveyor who has 1,000 paces a mile w1ll have 10 
paces for eac division on the ordinary alidade. 

Although an experienced man becomes very skillful at pacing 
errors may develop, due to fatigue or variations in his health and 

. physique. Thus all traverses, with either plane table or compass, 
where measurements are made by pacing, must have frequent con­
trol even with good terrain. Even for the experienced surveyor, 
about 3 miles between control points is the outside limit" for de­
pendability. No traverse made by pacing for more than about one­
half mile should be left without a tie to some control point or a 
check by ~aphic triangulation. 

Pacing 1s unsatisfactory in extremely rough and broken country, 
and frequently saddle horses must be used. Occasionally saddle 
horses can be found that pace with considerable uniformity, but or­
dinarily locations must be established by graphic triangulation or 
intersection from section corners or other control points. 

SYMBOLS USED 

The features that must be shown on the soil maps may be grouped 
into four general classes: (1) Works and structures, including such 
works of man as roads, railroads, houses, churches, and wharves; (2) 
boundaries, marks, and monuments; (3) drainage, including streams, 
lakes, seas, ponds, and springs ; and ( 4) soils. It is also sometimes 
advisable to show some of the more pronounced physiographic fea­
tures or relief, such as mountains, cliffs, and escarpments and high­
terrace lines. All features are shown by conventional symbols and 
lettering. 

The work on the field sheets must be distinctt the lettering le¢.­
ble, and necessary corrections plainly indicated, If the draftsman 1s 
to understand them clearly and reproduce them f~ithfully. Strict 
attention to detail on the part of the field party will often save the 
delay of referring questions back to the fi~l<,l men, reduce ~rrors 
in copying and adjusting, and generally fac1htate the work !n the 
office. Neatness and accuracy go together. A map that 1s not 
neat cannot possibly be accurate. . . 

Nearly all works and structures are m~ed m bla~k. A few ex­
ceptions are specified under the approprtate. headm;!S. Featurt>s 
added for information only and not to b~ pubh?hed, or featurt>s !or 
which publication may be in doubt, a~ mke<_l m rt>a. Bo.undanes, 
marks and monuments also should be mked m red. A mixed blue 
ink is 'used for inking drainafre features, and it must l~ thorough))._,, 
mixed and dark enough to msure strong photographic value. 



46 MISC. PUBLICATION 274, U.S. DEPT. OF AGRICULTURE 

O'reenish-blue ink, made by mixing 2 parts of blue waterproof draw­
ing ink with 1 part of yellow and a few drops of black, has proved 
satisfactory. 

1 

WORKS AND STRUCTURES 

The following works and structures are shown on all maps, either 
by the standard symbols shown in plates 1 and 2 or by means of 
other conventions described in the text. 

Aqueducts, water and oil pipes. 
Bridges. 
Buildings. 
Canal locks. 
Canals and ditches. 
Cemeteries. 
Coke ovens. 
Dams. 
Ferries. 
Fords. 
Furnaces and smelters. 
Levees. 
Lifesaving stations. 
Lighthouses, etc. 
Mines and quarries. 
Oil and gas wells. 
Power-transmission lines. 
Railroads. 
Reservoirs. 
Roads. 
Steamboat routes. 
Trails. 
Tunnels. 
Wharves, etc. 

Roads.-Roads are indicated according to the following distinc­
tions: 

(1} First-class or good public motor roads are shown by solid 
lines. These include those public roads that may be used for auto­
mobiles at medium speeds and for hauling, the greater part of the 
year, and include all Federal Government2 State, county, or other 
public roads in such condition as to be available for such travel, all 
main or through roads in passable condition in sparsely settled sec­
tions, and all mty streets and park drives open to the public. 

(2} Second-class or poor public motor roads and all private roads, 
regardless of condition, are indicated by dashed lines. Secondary 
roads include those public roads which, through disuse or neglect, 
are either impassable for automobile travel and for hauling or can­
not be traveled, except at low speeds, without risk to an automobile. 
Public roads that are passable for wagons but are not good for motor 
use are classed as poor motor roads. 

It should be noted especially that public roads are shown by solid 
or dashed lines accordin~ to their condition, whereas private roads 
are shown by the dashect symbol irrespective of condition. Public 
roads are defined as those built or maintained by the Federal Gov­
ernment, a State, or a subdivision thereof. Private roads include all 
neighborhood roads in rural districts (except those of sufficient 
length and importance to be regarded as through routes, as defined 
above), all lanes and stub roads to farms, country houses, or insti­
tutions, cemetery drives and race tracks, and roads built or main­
tained by private or neighborhood funds. · 
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Wagon roa~s _win~g through th~ timber and other unimproved 
roads u~d principally m farm operations ordinarily are not shown on 
the publ~shed map. Frequently, however, in sparsely settled co. untry, 
~uch ummproved roads may offer to the public the onlv access to 
rmportant places or to a large area of country, and in such instances 
~hey should be shown. Occasionally in unsettled areas pack trails, 
ImJ?assable to wagons or motorcars, may offer the only opening to a 
regiOn and should appear on the final map. It is convenient to indi­
cate all traverses on the field sheets, but great care must be taken not to 
ink roads or trails, which are not to appear on the published map. 

The class of road should be shown on the field sheets with the 
appropriate symbol and not by figures. It is not convenient to in­
dicate precisely where one class of road ends and another begins with 
figures, and the surveyor is apt to omit figures in a few places. In 
highly detailed surveys, esl?ecially where the soil map is used as a 
basis for detailed land classification, the class of primary roads must 
be subdivided according to the type of surfacing. All-weather roads 
may be shown with one line heavier than the other, and other pri­
mary roads by the conventional symbol. By appropriate modifica­
tion different symbols may be used for graveled roads and for paved 
roads where this distinction is necessary. 

Buildings in general.-The map must show accurately as to loca­
tion and orientation all buildings of a permanent character, such as 
dwellings, public buildings, shops, factories, and other industrial 
establishments. Uninhabited dwellings, whether farmhouses or 
miners' and lumbermen's cabins, are to be shown only where they 
constitute important landmarks in sections of sparse culture. The 
conventional black square is used for all buildings except those ex­
ceeding the size of the symbol when their dimensiOns are plotted to 
scale. Houses should not be shown as contiguous to the roads unless 
the distance that separates them from the edge of the right of way is 
so small that it cannot be plotted on the scale of publication. Symbols 
for dwelling houses should be inked square and of uniformsizeonthe 
field sheets. They are best made by outlining an open inked square 
with sharp corners, and afterward filling in with ink.. If houses are 
shown too small, it becomes difficult to make the symbols square, and, 
unless these are inked square and sharp, their identification as sym­
bols for houses becomes uncertain. 

House blocks.-Detached houses in residential sections of cities, 
suburbs and villages are to be shown separately wherever possible. 
If the ~ale does not allow the use of separate symbols for individual 
houses groups are shown by a solid block, in accordance with the 
following specifications: Distances between houses are to be under­
stood as from .center to center, and the length of house blocks as 
between building lines and not from center to center of streets. 

( 1) For publication. on. a scale of 1 : 63,369 or 1 : ~2,500: Houses, 
where nearly evenly distnbuted, are block~d If the d1stance between 
them is less than 100 feet; for example, m a 500-foot street block, 
six houses evenly distributed are blocked, but five houses or less are 
shown separately. 

(2) For pubhcation on a scale of 1: 24,~ or 1: 31,680: Houses 
are blocked where the distance between them 1s less than 50 feet; for 
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example, in a 500-foot street block, 11 houses evenly distributed are ' 
blocked, but 10 houses or less are shown separately. 

Business and residential blocks are distinguished by the width of 
the block; residential blocks are made distinctly narrower than busi­
ness blocks. 

Churches and schoolhouses.-A church is distinguished by a cross 
and a schoolhouse by a pennant attached to the house symbol ab 
right angles to the roadway . .A building used as both a school and a 
church bears the school symbol. In the center of dense culture these 
distinctive symbols are omitted. 

Railroads.-Railroads, whether operated by steam, electricity, 
gasoline, or other motive power, including all railroad lines listed ill 
the Official Railway Guide, are shown by the broad-spaced symbol 
representing a railroad of any kind. 

Electric trolley lines carrying .Passengers only and not issuing 
tickets with baggage-checking privileges are shown by the close­
spaced symbol. 

Double tracks, railroad yards, spur tracks, and switches are shown 
so far as the scale allows. Separate railroad lines in juxtaposition 
and .Parallel tracks belonging to the same road are differentiated by 
placmg the cross ties as shown on the symbol chart. 

Tramways are shown by the broad-spaced symbol. Aerial tram­
ways are shown by a broken line, with names where there is space. 

Railroads or electric trolley lines within a roadway are shown by. 
fine cross lines having the same spacing as those on the correspond­
ing line outside of the road. It will be necessary in such instances to 
use the double-line road symbol on the field sheet instead of the. 
usual single line. 

In railroad yards with parallel spur tracks, only as many tracks 
should be inked as can be engraved legibly on the publication scale, 
as too many tracks make difficult inking, ille!rible field sheets, and 
impracticable engraving. Where switches and sidings occur along 
side single tracks, both the main track and the side tracks are inked 
in finer lines than the main track elsewhere; and these fine lines are 
inked first and the extension of the main track inked afterward in 
a heavier line, in order to make clear copy. 

Before a railroad is inked the penciled copy should be examined 
to determine its points of tangent and points of curve and then 
inked in such a way as to bring out the characteristic alinement. 
A railroad alinement is made up of tangents and curves; most curves 
are compound and many leave the tangent on an easement curve. 
Reversed curves usually have 200 feet or more of tangent between 
them. In traversing railroads these points should be kept in mind, 
a;td the resulting plot should show a line free from abrupt deflec­
tions that are not found on the ground. Railroad azimuths should 
be well checked, by fore- and back-sight methods when necessary. 

Crossings at grade are shown by continuous railroad and road 
symbols and at grade separations by a break in the symbol for the 
lower one. A railroad crossing over a road is shown by a broken 
road symbol, and a road crossing over a railroad by a broken rail­
road symbol. (The words "overhead" or "underpass" should not be 
used.) 
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. Railroad~ta~ion buildings.-A: railroad-s~ation building is shown 
hke other bulldmgs, except where Its symbol Is carried conventionally 
across ~he track t? i~dicate the locatio!!-. of a train stop that is not 
otherwise clearly mdicated by the position of the station name or 
by the culture. The conventional station symbol is not drawn acroc;s 
the track where there is no station building, and its use is generally 
confined to small villages or cities. 

Bridges.-Symbols are used to show all road bridges across double­
line streallli! and all road bridges a;cross single-line s~rea~ in sparsely 
s~ttled sections, wherever the ~xistence of the bndge IS especially 
vital to the use of the road. Bridge ends are not shown for viaducts 
oyer railroads1 railroad yards, roads, or streams. Names of large 
VIaducts are given, however. 

Drawbridges on roads and railroads are shown by separate sym­
bols. Ordinary bridges and trestles on railroads are omitted. Wher­
ever its presence would impair the legibility of the map, the bridge 
symbol also is omitted. . 

The footbridge symbol is used only where the bridge is of some 
local importance-m general only where it is isolated and only 
where the scale allows. 

Ferries.-Ferries are shown by symbol wherever the stream is wide 
enough to allow; where it is too narrow, the word "Ferry" is written. 
Names of ferries must be placed on the map. 

Fords.-The symbol for a road ford is similar to that used to 
represent a private road. The names of important fords must 
appear on the map. 

Trails.-In mapping trails, the surveyor must consider their rela­
tive importance as a means of communication. Thus in mountain 
and desert sections and in heavily wooded areas, especially where 
sparselv settled and where traveling is done largely along trails, he 
should ·take pains to map each important trail, giving its name, if 
known. In the more densely populated districts, where railroads 
and roads are plentiful, only such trails as lead up mountains or 
through unimproved areas not readily accessible otherwise are shown. 
A mere "way through" not regularly traveled does not constitute 
a trail. · 

Poor pack trails and all foot trails are inked in the dot symbol 
and good pack trails in the dashed symbol. lVhere the classification 
is uncertam, the dashed symbol is used. 

Steamboat routes.-Ail steamboat routes on lakes and rivers, over 
which re(Tular public service is maintained by ferries or _passenger 
boats, ar~ indicated by fine dashed lines and the words, "Steamboat 
route" 
Ca~als and ditches.-Canals, wh~ther for na~gati~n, irrigatio~, or 

drainage, are shown by a double-lme symbol 1~ their act!lal width 
can be indicated on the scale emploJ:ed, .otherwis~ by a smgle bl~e 
line. • Abandoned trunk canals constltutmg promment topographic 
features are indicated by the long-dash symbOl. . . 

.In the mapping of irrigation ditches, both mams and 1m~rtant 
laterals are shown· the mams are so designated. Canals and ditches ' . are inked in blue. 

9904l)"-3~ 
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Canal locks.-The lock symbol should point up current. The 
symbol for canal locks is inked only so far as it can be engraved 
legibly at the publication scale, and the upper and low~r gates are 
inked separately only where both gates can be shown legibly. 

Aqueducts, water and oil pipes.-Only the principal aqueducts 
and pipe lines are shown. 

Power-transmission lines.-The alinement of high-voltage (100,-
000 volts or more) trunk power-transmission lines should be obtained 
in the course of the field survey and shown on the field sheets. Sec­
tions of J?Ower-transmission lines within corporate limits and lateral 
distributiOn systems should be omitted. Trunk lines are usually built 
on private right-of-ways and, in most parts of the country, are flaced 
on steel towers. Power lines may be inked in black, but i they 
are in close contact with other cultural features they should be inked 
in red for clearer recognition. Power lines are not shown in sec­
tions of heavy culture. 

Tunnels.-Tunnels of all kinds, whether for railroads or canals, are 
shown by the tunnel symbols. The route of the tunnel is indicated 
by double broken lines. Railroad or road tunnels are inked in black, 
aqueduct tunnels in blue. 

Dams.-Permanent dams in streams, lakes, or reservoirs are indi­
cated by a heavy line. 'Vhere a road follows the top of the dam, the 
road is shown in its correct place and the road line on the upstream 
side is thickened to represent the dam. The dam should be inked 
to its mapped length only. 

Reservoirs.-The shore line used to represent a reservoir should 
correspond to the normal full state of the reservoir that is controlled 
by the dam. Artificial reservoirs surrounded by dams on all sides 
are not enclosed by the dam symbol but are outlined in blue, like 
lakes and ponds. Small reservoirs are further emphasized by a blue 
water lining. 

Levees.-Levees are shown on United States Geological Survey 
topographic quadrangles by hachures or contours printed in brown 
(pl. 4), and when these sheets are used as a base map, this symbol is 
used. The symbol to be used on plane-table sheets is shown on 
plate 2 and should be inked in black. 

Wharves, etc.--Wharves, docks, jetties, breakwaters, and similar 
structures should be indicated by firm sharp lines and shown with 
such detail as the scale of the mapping allows. These are inked in 
black, in outline only, as plotted to scale in the field. A ·narrow 
wharf or pier, however, is represented conventionally by a double line 
about the width of a narrow road. Jetties and breakwaters are inked 
in single heavy black lines. 

Lighthouses, etc.-All lighthouses and lightships must be located 
on the map and shown by their respective symbols. 

Lifesaving stations.-Lifesaving stations in general are shown by 
the house symbol, followed by the letters LSS; but lifesavin&' 
stations of the Coast Guard are shown by the same symbol followed 
by the letters CG. 

Cemeteries.-Cemeteries are shown with their actual outlines and 
the name inserted if the cemetery is well known and there is space, 
otherwise a cross is placed within the outline, or the letters CEM 
alongside. Private cemeteries that are too small to plot to scale may 
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be sho":n conventionally by a s~ll square enclosing a cross but they 
are onntted unless they constitute landmarks in a thi~y settled 
country. 
. Airports a';ld ~andin~ fi.eld~.-Bo~d.aries of all air.Ports and land­
ll}g fields are mdiCated, mcludmg murucipal, commerCial, and private 
arrports; D~J;>artment . of Commerce in!-ermediate landing fields; 
marked auxiliary landmg fields; army airfields; and naval air sta­
tions. The symbol used for the boundary is that shown for a cem­
etery or small park on plate 5 . 

. Mines and quarries.-:Mines and quarries are indicated by the 
pick-and-hammer symbol. In sparsely settled sections, where there is 
little culture to be represented, isolated mines, quarries, and even 
prospects (sawbuck cross) that constitute landmarks and are widely 
known, are shown, together with their names. 

Oil and gas wells.-Producing oil and gas wells are indicated by 
a special symbol. Where such wells are so numerous as to be prac­
tically indistinguishable, only the approximate outline of the pool 
(by dashed lines) is shown. 

Furnaces and smelters.-No additional conventional sign other 
than that for a house is used to reJ;>resent furnaces, and in many areas 
it will not be practicable or desirable to name them. In sparsely 
settled sections~ however, the furnaces may be the most important and 
persistent landmarks, and they may have well-recognized names 
which cling to the localities even after the practical disappearance 
of the furnaces themselves. In such areast therefore, it is desirable 
that the names be given, even though nothmg remains but a ruined 
stack. The same rule applies to smelters, except that those shown 
on the map should be restricted to smelters in active or prospective 
operation. 

Coke ovens.-Only coke ovens connected with mines in operation 
are shown on the maps. 

DRAINAGE 

The drainage features of the terrain include those features repre­
sentin~ water, such as flowing streams, lakes, and shore lines, and 
those mdicating some degree of ~etness, such as intermittent stream~, 
marshes, and glaciers. The dramage features are shown on all s01l 
maps by standard symbols (pl. 3) or by means of other conventions 
ns described in the text. 

Tidal shore lines.-On all soil maps_ the line of ~ean high tid~ is 
considered the shore line. In determmmg the margm of mean high 
water, the highest (semimonthly) tides are excluded and an .av~rage 
taken of the usual bigh tides as generally marked by the hmits <?f 
vegetation. The charts of the United Stat~s Coast and Geo~ehc 
Survey are frequently useful in chec~ing th;e position of !'hore hnes. 

Shore lines of all waters should be mked m a firm rontmuous blue 
line and not broken for wharves, piers, and similar. struct'!res that 
may be built over the water. 81_1ch struc~u~s are mked m black. 
Sea and retainincr walls that are simply artificially constructed parts 
of the shore line;' are inked in blue. 

Marshes in generai.-Fresh-water and salt-water m~rshes rec?g­
nized as soil types or land t.ypes are represented by the1r respectm~ 
symbols. Marshes on low Cf!asts, as !1 ~le, are traversed by a net­
work of tidal channels. Unhke the nUs m mud flats, these channels 
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are fairly permanent in location, and those that exist at mean high 
tide are mapped individually so far as the scale allows. Tidal 
marshes are represented by the proper symbol. 

Submerged marsh.-l\Iarshlands that are partly submerged for 
many months each year are differentiated from ordinary marshes 
and are represented by inking grass tufts in blue (no horizontal 
lines) on the water surface. 

River shore lines.-The mapping of broad rivers, especially of the 
braided type, offers a perplexing problem to the surveyor, because 
of their periodic fluctuations and corresponding changes in width. 
As a general rule the width shown should correspond to the normal 
stage, defined as that water level which remains nearly stationary 
for the greater part of the year. This excludes all stages of rela­
tively short duration resulting from floods, whether periodical or 
out of season, and all low-water stages. The normal stage will, in 
general, be found to exist for about 9 to 11 months for most streams 
in the relatively humid sections. If any stage of water other than 
the normal has been mapped by other Governme-nt agencies, instruc­
tions should be sought as to the availability and best use of such 
cartographic material. 

In areas where the flow of rivers, though active for brief periods, 
dwindles or ceases altogether for many months, the normal or pre­
niling stage is very low. Thus, rivers like the Platte and much 
of the Missouri are normally braided and are represented as such 
on the map. Where the streams have wide bottoms of unstabilized, 
shifting sediments, the land is shown as sand or riverwash with the 
principal channels indicated as intermittent or perennial streams, 
double line or single line as may be required. Other bodies of land 
within the normal flood plain, having trees or other stabilizing veg- · 
etation, or cropland are shown as definite soil types or phases. Rock 
outcrops are shown appropriately as such. Many rivers in desert 
areas are no more than broad sandy washes, except for brief periods, 
and they are shown by strips of sanding. 

Natural lakes.-The shore line used to represent a natural lake or 
pond is that corresponding to the normal stage of water and not 
necessarily the exact shore line that is found at the time of the 
survey, if made during a period of flood or extreme drouO'ht. An 
effort should be made to ascertain the shore line of th~ normal 
stage, as us"!lally marked by a line of permanent land vegetation. 
The shore lme used to represent a large lake that is subject to a 
gradual rise or fall over long periods is that found at the date of 
survey. This date should be indicated on the water surface in ink. 

Artificial lakes.-The shore line of an artificial lake is the line that 
represents the margin of the water surface at the full normal stage 
of the lake, as controlled by the dam. 

Island shore lines.-The shore line of an island must be that corre­
sponding to the stage of water used for the adjoinin(J' mainland 
shore line. Islands exposed only at a stage of water t:>below that 
accepted for the mainland shore line should, therefore, not be 
mapped. 

Drainage classi!icatio~.-Th_e field sheets must indicate clearly all 
streams as perenrual or mterm1ttent. Great care must be taken in 
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the field with drainage, because few data exist for checking it 
accurately in the office. 

Perennial stre3:m~-A perennial stream is one that flows through­
out the year, and 1t 1s represented on the field sheets by a solid blue 
line. All perennial streams should be shown on the field sheets 
even though, on the published map, it may be necessary to omit mino; 
ones which cannot be printed within the publication scale. Although 
the map should not be overburdened with: insignificant rills and forks, 
such as abound in well-watered sections of the country, it is important 
that the perennial drainage system be made complete. As the purpose 
of this symbol is to show where running water may be found, it 
should be indicated on the field sheets only where the perennial 
character of the stream is reasonably established. In semiarid or 
arid sections, streams having perennial water holes in their beds, 
even though water is not flowing everywhere on the surface during 
dry periods, are shown as perennial streams on the soil map. 

In cases of doubt, occasional inquiry may be necessary to supple­
ment field observations. 

Perennial streams should be inked with a solid blue line increas­
ing in width with the size of the stream but nowhere so broad as to 
be equivalent to double lines. Care should be taken not to draw 
streams to the edge of the map with a width that cannot be con­
tinued properly on the next map. Stream lines should taper toward 
the sources of the streams but should remain deep and strong in 
color to the head. 

Double-lined streams.-Streams of sufficient width should be 
shown by two lines drawn to scale. No stream should be double­
lined, however, unless its actual width can be shown to scale with­
out exaggeration. 

Intermittent streams.-An, intermittent stream is one that is dry 
for a considerable time each year, ordinarily for 3 months or longer. 
Such streams are shown on the map by the dash and three-dot sym­
Loh Aggraded flats and valley floors devoid of well-defined stream 
channels or scars are not properly shown with draina~e lines run­
ning through them. In sections where both perennial and inter­
mittent streams abo';Ind, the inking mu~t be complete an~ clear.ly 
distinct as to each kmd. If the proportiOn or amount of mtermit­
tent drainage is so large that the. field drafting of the dash and 
three-dot symbol becomes burdensome, the copy can Le made cl~ar 
for inking by means of an overtracing (information sheet) showmg 
only the perennial streams, with a statement that all other streams 
are intermittent. 

On the field sheets all clearly observable and mappable intermit­
tent drainarre should be shown even though some may need to be 
omittea on published maps. Ti1e complete d~ainag-e system, peren· 
nial and intermittent, has an important relat!onslup to the pattern 
of soil types and phases. The map of the dramage syst~nlS su~gests 
the general physiographic features of the country and IS a valuable 
adjunct to the soil map itself. . . . 

Disappearing streams.-Many stre~ms, espec1ally m sections 
underlain by limestone, sink abruptly mto can•rns and may con­
tinue their courses for long distances through subterranean chan-
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11els. Special care must be given to the mapping of streams of this 
type and the points of disappearance and reappearance accurately 
located. Only the surface drainage is shown. 

Springs.-The importance of representing springs on a map is de­
pendent on their relative usefulness as a part of the water resources 
of the area. Springs must be located with great care on maps of 
arid sections, where they are of vital importance and where their 
omission or erroneous location may greatly reduce the usefulness of 
the map. In such places, the name by which each spring is known 
is indicated on the map. Intermittent springs or those having salty 
or otherwise undrinkable water are so designated on the map. On 
maps of well-watered sections, conspicuous springs are shown by 
symbol, and by name if locally recognized, but numerous springs 
need not be shown. The copy must be clear for these symbols in 
order to be distinct, and i:f necessary the presence of springs should 
be noted on a supplemental sheet. Walled-in springs are shown as 
wells, by a blue circle, but a spring that is a source of a stream is 
shown by a blue circle with the outlet stream as plotted. 

Wells and water tanks.-The importance of wells and water tanks, 
like that of springs, depends entirely on their relative usefulness as 
a part of the water resources of the area. In the semiarid sections 
both wells and tanks are shown. Artesian wells are so designated. 

Intermittent and dry lakes.-Shallow lakes and ponds, that are 
dry for many months each year are typical of some sections, and all 
those not too small for the scale of the field sheets must be shown. 
Dry salt lakes and "alkali" flats, although not intermittent in the 
usual sense, are so closely related to intermittent lakes in appear­
ance and formation that they are shown by the_symbol for intermit­
tent lakes. Both types are shown by a dashed outline with the sur­
face indicated by hachures. Those of any size and importance must 
be fully described in supplemental notes, as to drainage and other 
physical characteristics. 

Water Iining.-Oceans, bays, lakes, ponds, and broad rivers·are 
water lined in blue on the field sheets, ollly in places where the copy 
otherwise would be ambiguous. 

RELIEF 

The relief on topographic quadrangles is expressed by contour 
lines, and when these sheets are used as a base map for the soil data, 
the contours are generally published on the soil map with any 
necessary corrections. 

When it is necessary for the soil surveyor to prepare his own base 
map, the large and important features of relief, such as mountain 
ranges, plateaus, bl~~s, basins, valleys, and gulches, are indicated on 
the map by the position of the name of the feature. Smallmoun­
tains and hills, where of sufficient importance to be shown, are indi­
cated by hachures inked in black. Bluffs, cuts, depressions, fills, 
mine dumps, and narrow steep ridges are shown either by the stand­
ard symbols shown in plate 4 or by means of other conventions 
described in the text. 

Depressions.-N at ural depressions or sinks, such as occur in lime­
stone sections, are indicated on the field sheets by hachures if the 
scale employed allows~ otherwise the diamond-shaped symbol is used. 
(See also optional an<t special symbols for use on field sheets. ol. 6.) 
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Mine dump~-The symbol _for. mine d_umps is~ when the dumps 

are not extensive enough to JUstify their mappmg and inclusion in 
the legend as land types. · 

BOUNDARIES, MARKS, AND MONUMENTS 

. ~oundaries, marks, and monumeJ?-tS to be shown on soil maps are 
mdicated by the standard symbols, illustrated in plate 5 or by other 
conventions described in the text. · ' 

Civil boundaries.-All civil boundaries, whether national State 
county, district, civil t?wnship, reservation (national or Stau; parks' 
forests, monuments, bird and gaJ;ne preserves, Indian military o; 
lighthouse), land _grants, corporations (city, to~n, ~r borough), 
parks, and ~metenes, are shown on the map by their respective sym­
bols. Special effort should be made by field parties to locate such 
boundaries with accuracy and directly from triangulation points or 
traverse lines if practicable. 

Necessary descriptions, survey notes, and plats of all lines of im­
portance should be consulted. Data on national or State reservation 
~oundaries can be obtained from headquarters prior to the beginning 
of the field work. Data on minor civil subdivisions can be procured 
locally while the survey is. in progress. Many boundaries are ob­
scured or obliterated by natural ~auses or artificial works; some were 
indifferently marked when established; and others have lost some 
or all of their marks. In many instances, information from local 
settlers may prove of value and ·save time and effort in the search for 
obliterated lines. Although the surveyor must avail himself of such 
information, the word of a resident is not to be taken as authorita­
tive but merely as supplementing information from official sources. 

Where lines are found incorrect in azimuth and distance, as the 
result of field errors, it is a fundamental principle that the line marked 
on the ground is the de facto boundary and is to be shown on the 
map in Its actual position, regardless of the statute. This principle 
may necessitate ·the accurate location of a number of monuments, 
so that each error in the alinement may be designated at the par­
ticular spot at which it exists. Although some of the old Govern­
ment Land Office plats may show sections to be regular, they may be 
irregular and must be shown on the map as nearly as possible ac­
cording to the actual location of section corners on the ground. 

Some civil boundaries are defined by statute to follow natural 
boundaries, such as streams or divides between drainage basins. 
Those followin.,. large rivers should be given special attention, as 
they may be va~iously defined, as the middle_ of the stream, its main 
current, or one of the banks. United States Geological Survey 
Bulletin 689 should be consulted as to State boundanes, and any 
doubtful application of the statutes should be fully investigated. 
Although the surveyor is to identify the b(;n~ndary line on ~he ground 
and then plo. tit on the map, ground conditions are sometimes f?m~d 
to be uncertain or lines indefinite or unmarked, as where they he m 
streams with shifting channels or banks that are difficult to 4e~er­
mine. A~ain the line may not have been ac.ct>pted by th~~ hnng 
on both Sides of it or by the proper rountv or State. authont1es. and 
it may be in dispute or even in court.. The loc~t1011 of t!1e State 
boundary line should, therefore, be subJect to spe.ctal attent10n. 
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The following general principles may be stated: (1} A line marked 
on the ground and once accepted by competent authority is the real 
boundary, regardless of a statute (apparently) to the contrary. (2} 
Where the description of a particular bank or point in a stream is 
indefinite in wording or difficult of application, past practices or 
rulings must be sought. (3) Early Supreme Court decisions have 
ruled that a boundary moves with a gradually shifting channel or 
bank but does not follow sudden shifts or cut-offs, and these rulings 
have in general been followed in recent decisions. (4) If a statute 
defines a boundary line as coincident with some channel or other part 
of a river, the location of the ri:ver itself at the time the statute 
became effective should· govern, unless there has been a gradual 
change in the position of the river, as just indicated. The generally 
accepted location of the rivers that form State boundaries at or near 
the time of the enactment of most of the statutes defining the 
boundaries may be found on the plats of the General Land Oflice, 
that were prepared at about such times. Supreme Court rulings 
must govern if they have been made, but few decisions that affect 
the details needed on soil maps have been handed down by the Court. 

Civil boundaries should be verified before inking, as a precaution 
against errors in the interpretation o£ penciled field copy. 'Vhere 
civil boundaries of different classes coincide for a distance, the 
symbol of the major subdivision takes precedence, except in instances 
where greater clarity will be attained by other procedure. Where 
it is obvious that a civil boundary follows a stream or road for a 
sho_rt distance, the boundary symbol may be omitted to avoid con­
fusiOn. In some places, however clearness may be increased by plac­
ing the boundary symbol (in red) immediately alongside the stream 
or road. 

County subdivisions.-Only such county subdivisions are shown 
on soil maps as appear reasonably permanent in character and loca· 
tion, and those subject to frequent changes at county elections are 
excluded. . 

In general, counties are divided into smaller units. These bear 
different designations in different States, or even different desi!!lla­
tions within different counties of the same State. In the State~ or­
ganized from the public domain and surveyed under the public-land 
system, one or more of the so-called congressional townships has 
usually been taken as the unit of organization. In New Eno-land 
and in other parts of the country affected by New Eno-land ~io-ra~ 
tion, are found town units, in which are vested many of the po:ers 
that in the ~ou~h and. in the newly settl~d West pert am to the county. 
Some counties m Mame, New Hampshire, and Vermont in addition 
to the towns and cities, the only regular subdivisions 'have partly 
o_rganized or unorganized territory laid off by these St~tes as planta­
tiOns, gores, g~ants, purchases, locations, and islands. 

The follown~g sum~a_r:r, taken from censu~ repo~ts, gives the 
names of the pnmary divisiOns of the county or Its eqmvalent in the 
several States and Territories : ' ' 
Alabama----------· Election precincts. 
Alaska____________ Recorders districts. 
Arizona___________ Election precincts. 
Arkansas__________ Townships. 
California _________ Judicial townships. 
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Colorado__________ Election precincts. 
Connecticut-------· Representative districts. 
Florida____________ Election precincts. 
Georgia___________ Militia districts. 
BawaiL ___________ Election districts. 
IdahO------------- Election precincts. 
llliJ?.ois____________ Townships and election precincts. 
lndl.llna___________ Townships. 
Iowa______________ Townships. 
Kansas ___________ Townships. 
Kentucky---------· Magisterial districts. 
Louisiana__________ Police jury wards. 
Maine ____________ , Towns and cities. 
Maryland---------· Election districts. 
Massachusetts_____ Towns and cities. 
Michigan__________ Townships. 
M~nn.es<_~ta7 ________ Civil townships, townships, and ranges. 
MlSSlSSlppt________ Beats. • 
Missouri__________ Townships. 
Montana __________ . School districts, townships, and election precincts. 
Nebraska __________ Townships and election precincts. 
Nevada __________ , Townships and election precincts. 
New Hampshire___ Towns and cities. 
New JerseY-------· Townships. 
New Mexico _______ Election precincts. 
New York _________ Towns and cities. 
North Carolina ____ Townships. 
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North Dakota_____ Civil townships, election precincts, school townships, and 
school districts. 

Ohio______________ Townships. 
Oklaholll.ll--------- Townships. 
Oregon..___________ Election precincts. 
Pennsylvania ______ Townships, cities, and boroughs. 
Puerto RicO-----··- Barrios. 
Rhode Island______ Towns and cities. 
South Carolina____ Townships. 
South Dakota______ Civil townships, election .precincts, school townships, and 

school districts. · 
Tennessee _________ Civil districts. 
Texas____________ Commissioners' precincts and justices' precincts. 
Utah ______________ Election precincts. 
Vermont ___________ Towns and cities. 
Virginia___________ Magisterial districts. 
Washington ________ Election precincts. 
West Virginia_____ Magisterial districts. 
Wisconsin_________ Towns. 
Wyoming __________ Election districts and election precincts. 

Public-land lines.-In the so-called public-land States all lands 
that have at any time been subdivided or "sectionized" by the Gen­
eral Land Office must be shown on the soil maps by indicating such 
township and section lines as have been run and have been approved 
by the Land Office and are not under suspei1sion, and by showing 
with a distinctive symbol such public-land survey .corners as have 
been found in the course of the survey, after a reasonably diligent 
search and thorough inquil1"· Theoretically all corners are marked 
on the ground, but in practice many are difficult or even impossible 
to find.11 

In well-settled parts of the country, where land lines often become 
property lines and sections are generally marked by roads and ~ences, 
the construction of a public-land surwy net is comparatively simple. 
But in unsettled country or in settled areas where the roads or 

• !''or a description of the J•ubli<'·land ~ur\"<"Y oystt"m, s..e Il..aman (l, P· .tiS). 
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fences seldom conform to section lines, it is necessary to find on 
the ground and locate on the map enough section corners to enable 
the cartographer to construct a land net built up from the Land 
Office plats and notes and tied to the located section corners. In some 
instances the old Land Office surveys are inaccurate, and the plats 
in no way conform to the actual section corners on the ground; 
therefore great care must be taken to locate as many corners as possi­
ble for the preparation of an accurate grid. 

In order to avoid any confusion with other cultural features, all 
public-land survey lines are inked in red on the field sheets, except 
where roads or canals are coincident with them. Section lines are 
inked in fine lines, and township lines are distinctly heavier. Only 
those township and section lines and parts thereof that have been 
surveyed and approved by the General Land Office, are not under 
suspension, and are indicated on the land plats by ~olid lines, should 
be inked on the rna ps. The fractional distances for section lines less 
than a mile are usually found on the land plats, and where accurate 
plats are available, such distances afford the means for plotting frac­
tional land lines. Land lines broken at water surfaces on account 
of shore meanders should be broken as shown on the plats. Meander 
lines should not be plotted or inked, and section lines should not, 
of course, be drawn across meandered streams or lakes or meander 
land. 

Search for public-land corners.-The time warranted in search 
for obscure corners will be determined by the probable. regularity or 
irregularity of the net and the proximity of corners already found. 
The lesser local information at hand, the greater the necessity for 
pioneer hunting for the needed land ties. Diligent search must be 
made on the ground for all corners believed to exist near the line of 
survey, especially those near the primary traverse. 

In a region where there are few roads on section lines, assistance 
in finding corners may be had by using an oversheet of tracing paper 
or cloth, upon which has been laid out to field scale either a single 
typical township or an entire land net covering the area to be mapped, 
built up in advance from the Land Office plats and notes. Such a 
tracing, placed in position over a field sheet as soon as the first land 
corner has been plotted, will indicate graphically the theoretical 
location of all other corners 1 and as more corners are found the 
further placements of the tracing become'more serviceable as a guide. 

The field man must be thoroughly conversant with the system of 
rectangular land surveys and the intricacies peculiar to it. Acquaint­
ance with the standard monuments used for the several classes of 
land corners7 their: marks, and their bearing trees, as wei~ as with 
the manner m whiCh blazes on trees become overgrown w1th bark, 
will prove most useful both in searching for corners and in deter­
mining their authenticity where this is in doubt. Public-land corners 
that have been found in the course of field work are inked in red 
with the symbol for found-land corners. (See also pl. 6 for special 
field symbols.) 

Township and range numbers.-Township and range numbers are 
placed along the margin of the map opposite the middle of each 
township, with the township numbers along the right and left and 
the range numbers along the upper and lower margins. If the num-
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bering . is irregular, hC?wever, the numbers are placed within the 
townships. Most field sheets are of one township, but on field sheets 
that cover two or more townships or fractions thereof the township 
an~ range numbers are placed oppos~te the line~ h?unding the town­
ships. Numbers and names of base lmes and prmcipal meridians are 
shown. 

Boundary monuments.-All monuments on national State and 
national-park boundaries are located in the field and represen~d on 
the map with the side of the open square oriented with the direction 
of the boundary line and with its desi~ating number alongside. On 
other boundaries, monuments occupymg controlling positiOns, such 
as corners or important crossings, should be located. 

National, State, and national-park boundary monuments, with 
designating numbers alongside, are inked in black, whereas boundary 
monuments on other lines, with designating numbers, if obtainable, 
are inked in red. 

Location and mineral monuments.-Monuments erected as J?er­
manent reference marks for the location of mineral and other clatms 
(often designated as U S L M's or U S M M's) should be located 
with the same accuracy as land-survey corners and, if practicable, 
by plane-table triangulation. They are shown on the field maps 
with their designating numbers. 

Authority is vested in the United States mineral surveyors to 
establish "mineral monuments" where no land-survey corners exist 
in the immediate vicinity of claims and to number them serially in 
each State. A former practice was to establish so-called location 
monuments in each separate mining district, numbered serially in 
each district, and those already established are still so designated. 
A careful distinction must be made between the two systems, and 
the numbers of the monuments must be obtained. The abbrevia­
tions may be illustrated by these examples, U S L M 2, and 
US M M 23 7. 

Triangulation points and transit-traverse stations.-The tri­
angulation points and transit-traverse stations which have been tied 
to the traverse are indicated accurately on the field sheets in red 
ink with the open triangle and dot symbol. The names of triangu­
lation points and the numbers of transit-traverse stations are also 
inked in red. 

Level benchmarks.-Level benchmarks are not to be shown on the 
field sheets, as their positions have not been determined ~detically, 
as have the trian ... ulation and primary traverse stations. Their 
elevations only ha~e been determined and, therefore, they are of 
no value to the carto ... rapher in the adjustment of the traverse. . 

Field men must lea~n to distinguish triangulation.stations, t~ansit­
traverse stations n,nd level benchmarks one from another. Figures 
10 and 11 show' the standard markings of the tablets u~d bJ the 
United States Coast and Geodetic Survey and the Umted otates 
Geological Survey, respectively. 

'/ MISCELLANEOUS SYMBOLS 

In additio11 to the standard symbols already discussed, se>eral 
others are used on soil maps where necessary (pl. 6). 

Rock outcrop.-Occaswnal rork outcrops, too small to show as 
land types, are shown by symbols. 
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FIGunm 10.-Stnndard station marks of the United States Coast and Geodetic Survey: 
A, Triangulation station mark; B, traverse station mnrk; 0, reference mark; D, bench· 
mark; E, magnetic station mark; and F, hydrographic station mark. 

(Courtesy United States Coast and Geodetic Survey) 
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FIOI'R• 11.--GPO!oglcal Surny elation mark•: A, Trlangulntlon or traMit traw~ 111ark. 
(Whf'n u.,.d u the latt<>r, thf' lf'ttf'ra "TTR'' and thf' numhf'r of the •tatlon .,... otamped 
on tbl' tabl<>l.) C, Ll'vf'l ben~hmark. 1 Sum.,tlm.,l, at a lat"r dat.,, thla b<'n~hmark 111ar 
be 111ade a transit tra\'l'roe elation, and It Ia then stamped •rltb the lf'ttt're ''TTB"' and 
tbe 11umber of tbe station. B and IJ, Copp<'r t<'DIIKlrlli'J' lf'\'el llenchDUU"IL 

(Courtesy tTnltetl Stall!'& Oeologl~al Survf'y) 
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Stone, gravel, and chert fragments.-The symbols for stone., 
gravel, and cher.t fragments are u.sed to show ston~, gravell:y, and 
cherty areas whiCh are not extensive enough to be mcluded m the 
soil legend as distinct phases or for areas too small to be delineated 
by boundaries on the scale employed. In the descriptive legend for 
the area, the chief of party must see that these symbols are defined, 
q_uantitatively and qualitatively, according to the needs in the par­
ticular area. 

Sand spots.-A symbol is used for sandy areas under the same 
circumstances as the stone symbol for stony areas. 

Made land.-The symb.ol for made land is to be used when the 
areas of such land are too small for: mapping as a land type. 

OPTIONAL AND SPECIAL SYMBOLS FOR USE ON FIELD SHEETS 

The use of tne optional and special symbols on field sheets as 
shown on plate 6, is determined by the scale employed in the field 
mapping, the detail required, and the complexity of the map. A 
few, such as those for roads, foot traverse lines, power-transmission 
lines, and survey corners, should be used in lieu of the standard 
symbols, as it is more convenient to draw them clearly. Deviations 
from the standard symbols, illustrated in the accompanying plates, 
should not be made except under unusual circumstances and with 
special instructions. 

NAMES 

Before leaving the area, the surveyor should obtain correct names 
of all features requiring them. The general policy is to conform 
to local usage, but at least two independent authorities for each 
name and s:pelling should be obtained. In instances of differences in 
usage, spellmg, or application, decision must be reached on the basis 
of all pertinent facts, including the predominance of local usage. 
Names of cities and physiographic features must conform to the 
decisions of the United States Board on Geographical Names. 

The importance of a complete and authentic record of place names 
is so great that nothing should be left to memory, and all necessary 
notes should be made and all names recorded as soon as they are 
obtained. The usefulness of the soil map depends, in large measure, 
on the ease and accuracy with which the reader can locate specific 
bodies of land. This is greatly facilitated by a reference to place 
names of prominent features. · 

Names to be shown.-Names of the following features are shown 
on the map: 

Cities, towns, villages, and other settlements, includin(J' all country 
post offices and railroad stations. Where the name of a railroad 
station differs from that of the corresponding post office, both names 
are shown. The one most widely known is given the greater promi­
nence, and the other is followed by P. 0. or Sta. as appropriate. 

Country schoolhouses. 
Country churches. 
Experiment stations and substations. 
Isolated ranches and resorts, constituting important landmarks in sparsely 

settled districts. 
Important public institutions, such as universities, colleges, and State 

hospitals. 
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Railroads (steam or electric). In addition to the name of the railroad it 
is desirable, as a rule, to give the name of the branch, line or division for 
complete office identification. ' ' 

United States highways. 
Bridges, ferries, and fords. 
Through trails. 
Principal steamboat routes on large lakes and rivers. 
Large canals, ditches, aqueducts, etc. 
Tunnels, dams, lakes, reservoirs, and other public works. 
Lighthouses, lightships, and lifesaving stations. 
Large parks and cemeteries, if the scale will allow. 
Airports and landing fields. 
Isolated mines, quarries, prospects, and oil wells. 
Isolated furnaces and smelters. 
Civil divisions. 
Reservations. 
Hydrographic features. 
Prominent features of relief. 
Springs, wells, and tanks, especially in arid sections where these features 

are of vital importance. 

LE'ITERING OF FIELD SHEETS 

It is expected that every field man shall have learned to draw suf­
ficiently well to ink his sheet in a. clear and distinct manner and 
letter it with some regard to neatness and ~raphic effect, as the ap­
pearance of an otherwise well-inked sheet 1s marred by careless or 
indifferent lettering. Simple accuracy, neatness, and clearness are 
necessary, rather than fine draftsmanship. An example of a soil 
surveyor's field sheet, using the several symbols correctly, is shown 
in plate 10. Such field sheets must carry the data necessary for the 
construction of a lithographic ma:p as shown in plate 11. 

All geographic names shall be m black ink, and names solely for 
use during the survey shall be in red ink. 

LETTERING OF THE MAP FEATURES . 
Lettering on original or on oversheet.-The lettering is usually 

placed upon the original field sheet, but if the detail of the map 
IS such that it would be difficult to place the lettering without ob­
literating some feature of the map it should be done on tracing cloth 
registered over the field sheet with a separate tracing or oversheet 
for each field sheet. 

Style of lettering.-The lettering should be neat and graceful and 
should conform in style to the standard. lettering shown in pia~ 
7. The styles of lettering used on published maps are shown !n 
plate 8. Strict adherence to simplicity must be observed; no Il­
luminated or German text, old English, or what is· known as "fancy 
printing" should be used. The use of capitals and lower-case let~rs 
and the gradation in sizes of letters will depend on the relative 
importance of the features named. 

All place names such as those of towns, schools, and .ranches, and 
those of topographic or land features, such as mountam~, cany.ons, 
draws, w~shes, islands, points, and bel!-ds, are lettered m upnght 
block capitals, or lower case, as appropnate. . 

Names of civil divisions. such as counties, townships, and reser-
vations, are lettered in upright block capitals. . . 

Names of routes of communication, such as ratlroads and lu:rl~­
ways; of public works, such as bridges, ferries, and dams; of pub he 



64. MISC •. PUBLICATION 2i4, U.S. DEPT. OF AGRICULTURE .. .. 
in~titutions, s:u~h as cemeteries, asylums, and universities; and o.f 
mining features, such as mines, furnaces, and smelters, are lettered 
in small slanti:Qg block capitals. 
. Names of hydrographic or water features, such as cree~s, runs, 
lakes, pocosin~, bogs, marshes; bays, and oce~ns, are lettered m slant­
inu block capitals, or lower case, as appropriate. Streams should be 
na~ed throughout their course. 

Position of Iettering.-By their direction and proximity, names 
should indicate clearly the objects designated. The lettering should 
be so placed, as far as practicable, that it can be read easily when 
the sheet is held with the top (the north end of the map) away from 
the observer, and as nearly parallel with the nortl:~ side of the sheet 
as the work will allow .. 

MARGINAL LETTERING ON FIELD SHEETS 

Name of area.-The n~me of the area or county should be placed 
on the upper margin of each sheet. 

Sheet numbers anl\ diagram of area.-Each field sheet should be 
given a number lettered clearly on the margin beneath the name of 
the area or county. A diagram showing the arrangements of the 
sheets should also be shown, preferably on each sheet. If there are 
a great number of field sheets covering the area, however, it will be 
permissible to show the diagram on a single separate sheet. 

Township and range numbers.-Township and range numbers, in 
the form T. 5 S., R. 7 E., are lettered on the map margin opposite 
the center of each township or part of a township. 

Scale.-The scale of the field sheets is indicated clearly on the 
margin of each sheet or, if there are a great many sheets, on the 
diagram sheet. 

Declination.-An arrow showing the direction of magnetic north, 
as determined by the compass needle, must be shown on the margin 
of each field sheet. In addition, the magnetic declination shoufd be 
given when this can be determined. 

Author diagram.-An author diagram should be added on each 
field sheet or on the diagram sheet, showing the respective areas 
mapped by the different field men. If "the traverse was run by a 
field man other than the one who mapped the soils, this fact should 
be indicated. • 

Credit for outside data-credit should be given for any outside. 
data used in the construction of the field sheets, whether from Fed­
eral, State, or private sources. Such credit may apply to the base . 
map, boundary lines, shore lines, or other data. · 

Date of survey.-The date of survey should be given on each sheet. 
The date or dates used should refer to the mapping of the field party 
and not dates for outside data, which should have been examined 
and correcte~ to the d.ate of new worl~ before being incorporated. 

The marg1nallettermg for the pubhshed map is shown in plate 9. 
The chief of party must be certain that the necessary data are included 
with the field sheets. 
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CONSTRUCTION OF SOIL-MAPPING LEGEND 

A complete descriptive legend, including all soil separations and 
all symbols of whatever kind to appear on the soil map must be 
prepared and made available to each surveyor· before a~y actual 
plotti~g of soil boundarie~ can be unde~aken. The first duty of 
the chief of party on entermg a new area IS the preparation of such 
a legend. As the work progresses, especially in a relatively new 
area, this legend will need to be revised from time to time. When­
ever possib!e the _preliminary wor_k, at l~st, is done in the company 
of the reg~onal mspector or assiStant mspector, but frequently it 
will be necessary for the chief of party to. undertake this work in 
the absence. of the inspector. The chief of party will utilize the 
services of other competent and experienced scientists who may be 
assigned to his party, but in the beginning it is unnecessary to de­
vote the time of the entire staff to this work. 

First, the chief of party must have clearly and definitely in mind 
the objective of the soil-survey project, in order that he may know 
what degree of detail is to appear on the maps and the scale to be 
employed in the field mapping. Usually the chief of party will be 
instructed on these points, and his problem will be to determine how 
the various features may be shown on the map, clearly and definitely, 
without oversimplification on the one hand or excessive detail 
beyond the limits of clear cartography on the other. 

Technically, this problem consists of a determination of the map­
ping units and symbols, which will be shown on the map; These 
units must be decided on, thoroughly examined at several points of 
their occurrence, and clearly described in full detail before any 
mapping is undertaken. It is desirable that all soil units in a 
given area be examined and described in advance of mapping. 
Sometimes, however, this is impracticable. Therefore·, it is sufficient 
to ~xamine and describe the principal soil units, leaving some of 
the subordinate separations to be determined later, as the work 
pro(J'resses. 

If the area to be surveyed lies adjacent to areas prev:io~sly su~­
veyed, these should be visited first, and at least the prmcipal sOil 
types already established and described car.efully examined i!l the 
field. If any area in. the same general regwn has been previOusly 
surveyed, the reports and maps should be thoroughly studied and, 
if possible, the area visited for examination of the soil profiles. 

On entering the new area to be surveyed, the chief of varty should 
scout the area as a whole, in order to get a general ptcture of the 
soils, relief, vegetation, agriculture, and other pl~ysical. fea~ures, 
which must be shown on the map. 'Vherever poss~ble tl~1s wtll be 
done in company with the rPgional insp~ctor or ~1s ass.Istant and 
with competent State or local representatives. I~. 1s desirable th~t 
the chief- of party reach the area to. be S';lrveyed m .a?v~nce ~f his 
assistants so that he may havl' suffictent time to fanuhartze _lu!11self 
with the area to collett the necessary data, to prPpare a prelumnary 
field legend for his assistants, and to plan a program ~f W?rk .. If 
any members of his party arrive with him, they ~nay asstst hun with 
this preliminary work or proceed to the preparatiOn of the base map. 

9904:1•-3R---5 
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EXAMINATION AND DESCRIPTION OF SOILS 

After the surveyor has a general knowledge of the area to be 
surveyed, in regard to soils, . relief,. and other physical fe,:ttu~es 
which must be shown on the soil map m order to reach the obJective 
of the project, he must determine what soil types and phases occur 
in the area and provide definitions of them. If the area to be sur­
veyed lies adjacent to areas previously investigated and surveyed, 
the preliminary scouting may disclose that rather precise definitiOns 
of the principal soil types are available already. If the area to be 
surveyed lies apart from other detailed soil surveys, it may be that 
several of the soil types have never been defined precisely, or even 
defined at all. Even though a soil type has been defined, its mor­
phology must be examined carefully, in order to be certain that the 
description provided in the field pertains definitely to the type as 
developed in the particular area, including any slight variations in 
its characteristics as compared to those developed elsewhere. That 
is, Orangeburg sandy loam in one area may have slightly different 
characteristics from those developed elsewhere, and it is of especial 
importance that the mapping- legend include a precise description 
of the soil type as developed m the area being surveyed. 

The main task of this phase of the field work is to discover and 
describe the principal mapping units. If the entire area lies in one 
physiographic region, it may be considered as a unit; otherwise it 
must be divided mto its individual natural landscapes and each of 
these investigated separately. The first soil to examine and de­
scribe is the normal soil for the natural landscape, or landscapes, if 
there is more than one in the area. 

The normal soil is the one having a profile in equilibrium with 
the two principal forces of the environment-native vegetation and 
climate-with the other factors-relief, parent material, and age­
in a neutral position. Such a soil develops on the gently undulating 
(but not level) upland, with good drainage, from any parent ma­
terial, not of extreme texture or chemical composition, which has 
been in place long enough for biological forces to have expressed 
their full significance. It must be remembered that the normal 
soil may or may not be the dominant soil of the landscape, areally; 
it may or may not be the most productive soil for any particular 
group of plants; and, in some instances, it even may not be a 
mapping unit in the area surveyed .. The characteristics of the 
normal soil are studied, in order to discover the general trend of 
the normal type of soil formation in the area. The characteristics 
~ay be equally well exl?ressed, all or in part; in soils developed from 
differ~nt parent matenals and which naturally constitute units of 
mappmg. 

OccasiOnally areas will be surveyed where there is no true normal 
soil! for example, in places .where tp.e entire .area is low and poorly 
dra:med, or ~h?llY located m a regiOn. occupied by parent materials 
whiCh are still m process of accumulatiOn, such as movin()' dune sand 
or recent alluvium. If an area is composed of two or ~ore natural 
landscapes, two or more normal soils must be recognized. 
. In order to establish the. principal properties of the normal soil, 
1ts profile should be exammed at as many points as possible and 
preferably in areas of different parent materials. All common char-
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acteristics of the. soils developed from different parent materials 
should be recogniZed among the features of the normal soil. The 
establishme~t of the. normal soil tY.pes, e':en though some I?articular 
areas may mcl!-lde.httle of them, 1s the 1mporta~t beginnmg point 
for. any mvestlgatlon of the morphology, genesis, or geographical 
distribution of t~e soils;_ an~ naturally it is the most important 
reference for their classdicabon. Therefore, these characteristics 
should be defined with the utmost care. 

Having established the normal soil, the investigator will proceed 
to the definition of the local units that vary significantly from the 
normal soil as a result of variations in one or more of the five 
factors of genesis. These units are the units of mapping. In 
determining their definition, it must be remembered that there are 
no definite categories in nature, but a gradual change in charac­
teristics takes place between any two adjoming units. In some places 
these gradations cover only a few feet; in others they may extend 
for a much greater distance. Separate units cannot be established 
for the expression of all morphological gradations. Only distinct 
elements of the landscape, capable of diStinct definition and car­
tographic expression, can be separated on a map. Examples of each 
such element in the area should be examined and the soil profile and 
other features carefully defined. 

The identity of the soil unit is based on the characteristics of the 
soil profile, yet it is not possible to examine the soil profile at every 
given point. The soil surveyor must learn to correlate the internal 
properties of the soil profile with some external features of the 
landscape. Each recognized soil unit should be defined in terms of 
mappable differentiating internal and external characteristics which 

·will serve as a basis for a determination of the areal extension of 
the soil unit and for drawing the soil boundaries. 

Any soil type, as it occurs m nature, has an indefinite number of 
profiles varymg from the average or norm for the type within certain 
limits. Just as no white pine trees are entirely identical no two 
soil profiles are entirely identical, but all the trees called whlte pine 
have the same differentiating characteristics and, similarly, all the 
soil profiles included in one soil type have the same differentiating 
characteristics. ·Therefore, each recognized soil unit must be exaf!l­
ined and thoroughly described at several points, in order to obtat,!l 
sufficient data for a complete description and to eliminate the pos~l­
bility of a too specific or too narrow definition. of the type or Its 
norm. An examination of only one particular s01l profile, no ma~ter 
how carefully it }las been executed, is not sufficient f?r th~ «:>tabhsh­
ment of any mappable soil unit. The mappable s01l ~rut lS a geo­
graphic body and, beino- such its entity can be est~bl.tshed cnly on 
the basis of a definite r~petiti~n of certain differentia.tmg charactt>r­
istics in the soils associated with some particular environment. T~1e 
particular number of examinations necessa~y cannot be ~xed; m 
some illStances three profiles may be sufficient, whereas m others 
more than a dozen may be required. . . 

Every soil profile examined m connectio1;1 with the establishment 
of mappable units should be carefully descrtbed. It mu.st be ~m~m­
bered that the complete field description of the mappmg .urut lS a 
nPcessary supplement to the sheets of a. m~p. The n:aap ~~ USt'l~ss 
without an explanation of all features md1cated on 1t. 1he fidd. 
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descriptions constitute the principal source of data for the prepam­
tion of the final report accompanying the soil map. No details 
should be trusted to memory alone . 
. The soil description must be entirely objective. Any suggestions 

regarding genesis or any other speculative explanation of the facts 
should be kept strictly apart from the description of these. facts. 
Tl).e descriptions of soil J?rofiles are the ~undamental data of soil 
science. These morphological data may be supplemented with chem­
ical, physical, agronomic, and other data, but even the usefulness 
of these depends almost wholly on the preciseness and completeness 
of the field data. The classification of soils is predicated on a 
knowledge of thei.r morpholo~y, and unless that morphology is 
precisely known, classification IS impossible. 

SELECTION OF SAMPLE AREA 

Each soil profile to be examined and described must represent the 
soil of some particular area of land, and great care must be taken 
in the selection of the places where actual examinations are to be 
made. A soil profile represents the synthetie expression of all the 
factors characterizing a particular landscape; and it must be studied 
in the place where the environment is average or normal for a given 
classificational unit. Some examinations should be made to determine 
the limits of variation within the units, but care must be taken to 
avoid gradational areas between types and in other places which 
may have had some unusual history. 'Vhenever possible it is best 
to make the detailed and basic studies of virgin soils, but this cannot 
always be done in certain soil types in intensively developed sections. 
In timbered areas especially, virgin soils must be examined in order 
to determine the morphology of the upper part of the solum. The 
surface horizons of woodland pastures in the Podzol region, for 
example, may be considerably changed due to changes in vegeta­
tion, particularly on the immediate surface, brought about through 
the activity of grazing animals. Forest fires, especially where fol­
lowed by a greater growth of herbaceous ground cover or by erosion, 
may alter the upper part of the solum considerably. 

Examinations of soil profiles can be made from road cuts during 
mapping, but detailed examinations for type descriptions (and espe- · 
cially for soil samples) should never be made in such places unless 
the road cuts are unusually fresh. Exposure of the soil m a road cut 
to freezing and thawing and to wetting and drying leads to enor­
mous changes in structure. In the grassland areas there is a tend­
ency for a layer of dust to accumulate on the soil along roadsides; 
and in the woodland areas the much greater light intensity along 
the roads favors the growth of grasses and other herbaceous plants, 
with a decided change in the character of the surface horizons. 

Before selecting the exact spot in an area of soil for making a 
detailed examination and a type descripton, hasty preliminary 
examinations of the area in several places will assist m determining 
the most representative spot and one free of cultural or abnormal 
influences. Occasionally virgin soils cannot be found or are so rare 
that a sufficient number of type descriptions cannot be made with­
out including some cultivated areas. Unless the land has been abused 
through misuse, the morphology of all except the surface layers 
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WORKS AND STRUCTURES 

Road•-- {Giood•otar . ·---·----------
Poor molar or prlwJte _____ , _ _ ---------

{ 
Good pod·- ·- ---·- - ·- - ·-

Troll• - Poor pod or fool ·- ·- .. ... .. -- ··-········-··-· ... ··-·-·-·· 

Railroad of t:JJnT klad 
(or alagle trcol:) 

Double trcd ···-- ·-····· .. ...... . ··· ·· - --------• 

/u:Jdo~Uoa of-----···-····-··· ·-- ----------• 
Railroad• Narrowgag•·- -· ·- · ··· · ···--·- ... ________ ... 

El=!~;;;~ oalp) _ - ·- --- · -· {. ________ _ 

/1J road or •treet --···-····-· - -·· _ Railroad El.atrlo 

Ralb"=:~:-::;;:;;;~-RRbe;.·~u, .. ····· . - + + -J-
Tunnel (I'Gllrood or road) -·- ······-·-··- ···- - .. ·- ------

Ge~>eralqmbo/ ..... .. . - ·····- ·· ·-··· ·{ __ .., _ _.,. __ _ 

Bridge,-- .Dl't:IJwbrldge•.: .. . ·· ····-····-·- ···- ........ { __ ....,..,._It-__ 
Foot ........ -····---·····---·· ···--··-·· 

Foni• -{ =~- -------
Dam ________________ _ 

Canalloelc (poiiJt up•tream) ------

Canal or ditch----------{ _______ _ 

Canal abandoned ________ _ 

Lumber Dum•----------

. Aqueduct 
----<{ ................... . 

Aquedu_:f ~el--------

WateT pipe lin• ---------------- _ 
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WORKS AND STRUCTURES-CONTINUED 

Telegraph or telephone line ... T T T T T T T T T 

Power-transmission line 

Buildings in general ••• . . .. 
Railroad station of any kind .. 

Church .. . •·· ··· ···· ··· ·····* 

Schoolhouse ····· ············ ··· ····· ·········· · ·· ....... ... t 

Creamery ..... . . .X 

WindmilL ... . ..... ~ 

Sawmill .. ........ ............... ... .... .... ....... ....... ..... . . .... .... .......... .. ... .. ....... .... 

Forest lire or lookout station .. ... 

Cemetery .. 

Ruins .. 

Fort 

Battery . 

Mine or quarry of any kind (or open cut) ... . . ........... ..... ...... ~ 

Prospect ... 

Shaft 

Mine tunnel {Opening ············· · 
Showing direction .... 

Oil or gas wells ... .. 

Oil or gas pipe line 

Levee ... 

Tanks . 

Coke ovens ... 

Airway beacon ...... . 

Lighthouse or beacon .. 

X 

··" 
A 

. ... ............. .. . ... .. ........ . ..,--

. ..... .... ~ 

~·.f) . ... ······. . . 

······* 
STANDARD SYMBOLS FOB USE ON SOIL MAPS 
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DRAINAGE 

Stream• In general-·---··-· ... __ H . { _::::: : :::: === 
Intermittent streams- ·--·-·-·--- (--=-------= -=:.::-_.=:.- _-: 
Probable drainage, unsurveyed_ ---- - - - -

Lalce or pond In general-----·----· .... ·-·­
( wltb or without Unt, water lining. etc.) 

Intermittent /alee or pond----···-·····- ·····- __ . 

Spring __ _ 

Flowing well 

Wells or water tanlcs . 

Falls and rapid• ··-··-········ 

=l 
i-- --- -

Overflowed land 

Tidal flat• . 

Fred marah _ ... . - ... ... . 

Man~h ·· ····- Salllllar.b ... -----·---

8TANDABD 8Y.MBOL8 FOB 11ME ON 84,11. ~AI"8 
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RELIEF 
(ahown by contoura, form linea. bachurea. or ahadlng aa dea/red) 

Contoun (blue II under water) 

Contours (appro1tlmate only) .. 

Form-lines (no definite Interval) 

Hachures . 

Depression contours 

Depression symbols 

Cuts 

Fills . 

Mine dump 

~ Roclcy (or u•• contour•) 

Blu/111 1 

l 

{ c::_-, .. • --
---

1 
Other than raclcy (or uae contour.) 

Washes _ 
Lev _ __ _ 

(On US G S top()9ropblc mapa) 

~~ 
-'l"' -m 

STASDARU S YMBOLM FOR VHE OS SOIL .MAPS 

The .... of .......... "' optional 
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BOUNDARIES. MARKS. AND MONUMENTS 

National, State or Province line 

County line 

Civil township, district 
precinct, or barrio 

Reservation line 

Land-grant line 

City, village, or borough 

Cemetery, small park, etc. 

Township, section, and quarter-section ( 
lines (any one for township line alone, any 1====== 
two for township and sect10n lines) 

Township and section corners recovered-+--+-+ 

Boundary monument 

Triangulation point or primary-traverse station 

Permanent bench mark (and elevation) 

Supplementary bench mark (and elevation) 

U. S. mineral or location monument 

Observation spot 
(astronomic position) 

Any located station or object 
(with explanatory note) 

MISCELLANEOUS 

Rock outcrop 

Stone 

Gravel 

Chert fragments 

Made/and 

Sand spots 

STANDARD SYMBOLS FOR USE ON SOIL 

BM 
X 

1232 

X 1232 

... 

v v v 
v •v 

., 0 0 
•• 0 

. :: .. 
... . . . 

0 

:-: .·. 

MAPS 
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Roads 

WORKS AND STRUCTURES 

{ 

Good motor ._________________ _ 

Poor motor or private - ------

PLATE 8 

Trails { 

Good poe/c .. _________ _ ---------3--------
Poor pack or loot . . .... _ 

Foot-traverse line 
--------~- - ---- - -

Power-transmission line 

~-d . ·-·-·-·-·-· 
Vacant house 

Gravel pits 
c 

BOUNDARIES. MARKS. AND MONUMENTS 

{

Notlound ........ . 

Survey corners ·· ---·- Not po•lllvely Identified 

Poalllvelr ldenUIIed _ . 

+ 
+ 
+ 

Tie points (point• common to odfolnlng field •heel•) % X. 

Location where soil sample was obtained (!) 

DRAINAGE 

Intermittent stream _·-···-····-· .. ·- ... 
(crot,.oble with heavy form machinery) 

-- - --- --- -·- - -- ··- . - -

Intermittent stream - -- -- -- --- - -
Fal;:ot cro .. able with hea~~ .. '::::~~/nfr =~' ==-~=, '--~--

Wet spot 

Bedrock escarpment 

RELIEF 

-·------~ 
Sink holes and small depress/on11 

Ea11y to cultivate acro11s 

Very dJiflcult or Impossible to 
cultivate across 

{

Small 

Lorge 

{ 
Small 

Lorge 

{

Shallow 
Containing water most of time D_p _ 

OP'TTONAL AND SPECIAL YMBOLS 
FOR VSE ON FIELD SHEETS 

• 
(D 



Mioc. No. Z74, u. s. Dept. "' Apiculture PLATE 7 

AB.CD.EF.G.HJJ.KLM.N.OP.Q.RS.T.U.V.WXY2&.. 

.ah.c.d.e.f .ghij.kl.mn.o.p.q.rs.t.u.v.wx y .z. 

1.2 .. 3. A .5 6. 7 .. 8 .. 9 .. 0. 

ABCDEF.GHlJKLMNQPQRSTUVWXYZ'& 

ab.cde.fghyklmnopqrstuv.wxy.z 

L2.3 .4.5.6.7.8.9.0 

Names of natural land features, vertical lettering 

Names of water features, slanting lettering 
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can be j:lXamined. nut care inust be taken that no special features 
induced through tillage or recent changes in vegetation are confused 
with natural features. 
Havi~g selected a representati.ve place for a type description, an 

excavatiOn must be made extendmg through the solum and into the 
parent material. It is necessary tliat the excavation be rectangular 
in order that at least one wall may be made vertical, ·smooth and 
wi~e enough to sh_?w the ~ntire.profile clearl~. It is important that· 
this wall be as umformly 1llummated as possible and the excavation 
la~ge en~mgh t<? allow a~ easy exa!llinati?n of the soil in full depth. 
'VIth soils havmg a noticeable miCrorelief, such as Podzols with a 
well-developed ortstein and the Solonetz complex, it will be necessary 
that :t trench of considerable length be dug, in order that an accurate 
description can be made. . · 

~ESCRIPTION OF THE NATURAL LANDSCAPE 

Since the soil represents the sum total expression of all the forces 
composing its environment, with each soil profile there are associated 
external characteristics as well as internal morphological features. 
Thus, the complete description of a soil must include a description 
of the relief, drainage, stoniness, native vegetation,10 and any special 
features of the landscape. , / . -

V RELit:!' 

From the point of view of soil genesis, there are four important 
general types of relief. Each of these has modifications and there 
are intermediate or gradational subtypes, but first of all the surveyor 
must understand these four principal concepts. · . 

1. Normal.-The undulating to gentl_y rolling upland with good, 
but not excessive, external drainage. The normal lor regional) soil 
'is associated with this class of relief. Under the native vegetation, 
erosion may be said to be normal, or that associated with the genesis 
of the normal soil. 

2. Flat upland.-Nearly flat upland with slow external drainage. 
Under the native vegetatiOn, there is less than the normal erosion. 

3. Hilly.-Hills and hilly upland with excessive external drainage 
and more erosion than normal. . 

4. Flat lowland.-Nearly flat or depressed lowland with poor ex­
ternal drainage, high water table, and no erosion. 

In addition to the general class of relief, the length of slopes_ and 
their curvature, concave or convex, give rise to important modifica­
tions in soils. 

Except for very sandy,_ gravelly, or otherwise exceptional parent · 
materials, at least four distinct profiles can be expected f~om the 
same parent material on these. fou~ primary typ~s of rehef. In 
some mstances important modificatiOns or transit~onal types ~ay 
need to be reco!!llized. From parent materials of average chenucal 
and physical co~position the normal ,Profile can be expe<;:ted on the 
first, or normal, relief. Especially m the genera! regiOn of the 
Pedalfers, soils havin"' a compact or cemented B honzon and a de.ep, 
unusually eluviated A horizon are to be found on the second, or fl~t 
upland, relief where erosion has been insufficient for normal sOil 

10 Ob\'lou•ly the ell mate mu•t also be lndudl'<l, but the necessary obser,•atlons are not 
and cannot be wnde In the course of a soil survey. 
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development. Soils with solums less well developed and thinner 
than the normal are to be found on the third type of relief, or hilly 
upland due to the o-reater run-off and reduced amount of water 
available ~or ~~ant growtht and to greater than normal erosion. 
Poorly drame mtrazonal soils are .to be !ound o.n the fourth type of 
relief or flat lowland. In the humid regions, Wiesenboden (meadow 
soils)' Bog and Half-Bog soils may be expected, whereas the 
Solon~hak, Solonetz, and Soloth soils may develop on such relief in 
the arid re~ions. 

Many S?Il.s, especially intrazonal soils foun?- on the flat lowland 
relief exhibit local unevenness on the surface, m the form of shallow 
mounds or pits, a few (from about 2 to 20) feet in circumference 
and a few (from about 6 to 30) inches in height or depth. Such 
surface configurations are expressions of what is called microrelief 
and may be produced from a variety of causes. For example, the 
microrelief characteristic of the Ground-Water Podzol is due to the 
falling and upturning of shallow-rooted trees. The differential 
erosion of the solodized-Solonetz complex frequently produces a 
characteristic microrelief. The alternate shrinking and swelling of 
extremely heavy clay soils may produce a different type of micro­
relief. Such conditiOns ·must be described in connection with the 
definition of the soil type. -· 

The slope cannot be well defined in terms of percentage alone, but 
attention must also be given to the length of slope and its uniformity. 
A series of comparative terms in common use are flat, undulating, 
gently rolling, rolling, strongly rolling, hilly, and mountainous, with 
such additional modifiers as choppy or broken. These terms are 
comparative only, and it is impossible and undesirable to attempt 
complete standardization for the entire country. In sections having 
well-defined relief, land commonly called rolling might have much 
more actual slope than land called rolling in sections generally flat. 

Certain soil types may have such a range in relief that important 
subdivisions, from the point of view of land use, must be recognized 
in mapping. The manner of defining mappable phases according 
to relief will be discussed later. 

In addition to a description of relief and surface configuration, 
any important facts regarding soil erosion should be noted. The 
definition of erosion phases to be shown on the soil map will be 
explained later. The soil surveyor should distinguish between ac­
celerated soil erosion brought about locally as a result of improper 
land use and the erosion normal for the particular landscape. 

DRAINAGE 

It is of utmost importance that drainage conditions be observed. 
These can be grouped into two general categories, external and 
internal, which are not mutually exclusive, however, as one may have 
an influence on the other. By external drainage reference is made 
to the freedom with which water can ruh off the surface of the land, 
whereas internal drainage refers to the ease with which water can 
percolate through the soil. External drainage is largely a matter 
of ·slope and dissection but not entirely so. On nearly flat relief, 
one soil with good internal drainage may be considered to have 
also good external drainage, whereas the same degre~ of slope 
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might be inadequate for good external drainage with another soil 
having poor internal drainage. Seepage areas on slopes may have 
poor d_rainage, even though the~e is considerable slope. With these 
exceptwns, external dramage IS closely related to relief and is 
expressed by a series of analogous comparative terms as poor slow 
good, free, an~ ~xce~sive. These. same c011~parative terms ~ay b~ 
used for descnbmg mternal dramage. With many soils such as 
the sandy H~lf-~og, for example, the internal drainage ~ould be 
free or excessive If the water table were lowered, but ·external drain­
age is poor. Such a condition should "'be· 50 described. With soils 
~a'1-ng poor or slow exter~l drainage the soil. description should 
md1Ca~,. as .closely as possible, th;e probable internal drainage of 
the soil If the water table were artifiCially lowered or the land tiled 
or ditched. 

STONINESS 

:Many times the capabilities of soils for use will be determined 
in part, by the degree of stoniness. Occasionally, it is necessary 
to establish phases to be shown on the map.,. either as areas or by 
symbols, as explained later. Not only is tne degree of stoniness 
important, but also the character of the stones, especially their size. 
If the stones are loose and can be removed, the stoniness may be 
indicated as (1) free (no stones} or few, (2) common, (3) plentiful, 
and (4) very stony, corresponding to approximately 0 to 2 cubic 
yards, 2 to 20, 20 to 50, and over 50, per acre, respectively. Where 
the stoniness is due to large stones or small outcrops the conditions 
are described, especially bearing in mind their importance in land 
use. Whether the stones are more or' less uniformly distributed 
over the area or concentr_ated in small patches is important. 

NATIVE-PLANT ASSOCIATIONS 

Wherever possible the native vegetation should be described. It 
is not necessary that every species be determined, but it is important 
that the general plant associations be noted, such as plains grass­
land, prairie grassland, desert shrubi oak-hickory, oak-pine, and 
spruce-fir. From the evidence availab e where the examinations of 
the soil are made, the dominant species and the associated species 
should be listed separately: in the approximate order of their im­
portance in the mixture. Common plant names can be used, except 
where such terminology is too indefinite. Especially where SUI';"­
veys include important areas of grazing or forest land, the s01l 
surveyor will need to familiarize himself with both the common a!ld 
scientific names of the principal plant species. In such area~i spectal 
attention must be fiven to the native vef.'e~ation in ~he sot -survey 
report and a list o the plants included w1th both thetr common and 
scientific names. These plant identifications must. be checked care­
fully by a competent taxonomist, eit~er in the field_ or from collecte:d 
specimens. In grassland areas a s01l surveyor wtll ~sually find 1t 
convenient to arrange a collection of the principal spectes at the field 
headquarters. Havmg these identified, subsequent checks can be 
made easily. Discarded magazines of large size may be used for such 
a collection. The specimens may be placed between the leaves and 
their names written on the margins of the adjacent pages. 
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The characteristics of ~owth and use of the native olants must 
be described in the report, where such plants are important. In 
the grazing land, the seasonal growth, rate and volume of growth, 
and palatability of the various species in respect to different graz­
ing animals are of great importance. The presence of any poisonous 
plants is, of course, an important matter in grazing areas. In 
forested areas, information regarding rate. of growth and uses of the 
native trees must be included. 

The soil surveyor must make careful· observations regarding the 
ecology of plants and especially the relationships between plant 
associations and soil types. This is an extremely important matter 
as regards both native and crop plants. Ordinarily there is a 
significant relationship between native plants and soil types, due 
to the great influence each has in the development of the other, 
yet the soil surveyor must be constantly on his guard not to ascribe 
differences in vegetation, due to overgrazing, for_est fires, or other 
activities, to soil differences. Differences in humidity and other 
factors concerned in plant growth may cause variations in plant 
associations that are not directly dependent on soil differences. Fur­
ther, it must be remembered that the ecology of crop plants is not 
identical with that of native plants, and soil differences of importance 
to one group may be less important to the other. Physical features 
of the land, such as small differences in slope or stoniness, that are 
apparently insignificant ecologically, may be very important because 
of their relationship to tillage and other techniques employed in 
using the land for crop plants. 

DESCRIPTION OF THE SOIL PROFILE 

The soil is made up of several layers, or horizons, called collectively, 
the soil profile. In making a type description, each of the horizons, 
including the parent material, must be carefully described as to 
thickness and properties. 

THE PARENT MATERIAL 

The parent material refers always to the unconsolidated mass from 
which the soil profile develops. It should never be confused with 
the bedrock from which parent material is produced through 
weathering. In general, these materials can be divided into three 
classes : ( 1) Those formed in place through disintegration and de­
compositiOn of the country rock, (2) those that have been transported 
from the place of their origin and redeposited before they became 
subje~t to modification by soil-building forces, and (3) organic 
deposits .. 

The principal subdivisions of these classes are suggested in the 
following outline. 

1. Materials produced by the weathering of hard rocks in place. 
These are distinguished according to the nature of the original rocks, 
but the material must be fully described, since different parent ma­
terials may be produced from similar rocks. As much useful in­
formation concerning the mineralogical composition~ hardness, struc­
ture, and other characteristics of the rock should be added as can 
be obtained. Frequently the soil surveyor can obtain considerable 
information from geological surveys. 
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A. ~terials weathered from igneous rocks, such as: 
(1) Granite. 

(3 Basalt. ( 2~ Syenite. 

( 4 Andesite. 
(5 Diabase. 
( 6 Rhyolite. 

B. Materials derived from sedimentary rocks, such as: 

l
1) Limestone. 
2! Sandstone. 
3 Shale. 
4 Conglomerate. 
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(There are many varieties of each of these, many intermediate types, 
and in many places they occur closely interbedded.) 

C. Materials developed from metamorphic rocks, such as: 
(1 Gneiss. 
(2 Schist. 
(3 Slate. 
( 4 1\Iarble. 
( 5 Quartzite. 
{6 Breccia. 
(7 Phyllite. 

2. Materials which have been moved from the place of their origin 
and redeposited during the weatherin~ process itself or during some 
phase of that process and consist ot, or are weathered from, un­
consolidated formations. The principal groups of these materials 
are distinguished according to the nature of the main force respon­
sible for their redeposition. 

A. Those moved and redeposited by water: 
(1) Alluvium: 

(a) Local, as at the bases of slopes.11 

. (b) General, as along stream courses 
(2) Lacustrine deposits. 
( 3) Marine sedin1ents. 
( 5) Beach deposits. 

B. Those moved and redeposited by wind: 
(1) Loess. 
( 2) Dune sands. 
( 3) Wind drifts. 

C. Those moved and redeposited by glacial activity: 
(1) Glacial till (deposits of glacial till may be found in 

ground moraines, terminal moraines, etc.). 
(2) Fluvioglacial deposits: . 

(a) Outwash materials. 
(b) Eskers and kames. 

D. Those moved and redeposited by gravity (colluvial): Talus. 

· u Such local alluvium should not be ealled eollu,1um or eolh.'vial material. Tht>se t<'r~ 
are to be applied to material tran•ported primarily by grav1ty and not to that mo\ 
primarily by water, regardless of the slope. 
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3. Organic materials (these must be described as to color, texture, 
compactness, and other characteristics) : 

A. Woody peat. 
B. Fibrous peat. 
C. Moss peat. 
·n. Sedimentary peat. 
E. Colloidal peat. 
F. Muck. 
G. Diatomaceous deposits. 

The parent material should be described as to mechanical and 
lithological composition, mode of origin, where that can be deter­
mined, and stratification. -Of particular importance is the hardness 
of the formation and whether or not the parent material has developed 
from hard rocks in place or from unconsolidated materials. The 
hardness or induration of the material directly beneath the solum 
is especially important. Of particular importance also is the strati­
fication of the parent material. Great care must always be taken 
to determine as nearly as possible whether or not the solum or 
any particular horizon of the profile is developed from material 
similar to that found in the substratum. In some instances it is 
obvious that the solum has developed from stratified material, and 
it is very difficult to be sure of the exact character of the original 
material from which the soil horizons have developed. As a matter 
of fact, it is frequently impossible to be absolutely certain that the 
solum has developed from the geological material directly under-
neath, no matter how much that appears to be so. - -

Care should be taken to determine the depth of soil, or of soil 
and unconsolidated parent material, over hard rock where such for­
mations lie near the surface. The capability for use of many soil 
types and phases of soil types is greatly influenced by this feature. 

ORGANIC. MATTER AND ROOT DISTRIBUTION 

The content of organic matter is one of the most important charac~ 
teristics of the soil. Two general forms of soil organic matter are 
recognized: (1) that which is undecomposed or only partly decom­
posed, and (2) that which is well decomposed. In addition, the 
living organic matter of the plant roots might be considered a third 
class. The first form is often referred to as organic residue or raw 
humus, and it constitutes the main bulk of the organic matter in 
forested soils. The second form, commonly known as humus, pre­
dominates in the grassland soils. The upper layers (Ao and Aoo) 
of the forested soil are almost entirely made up of organic matter 
and rest on the solum. Thus, the organic matter lying on the solum 
must not be confused with that in the solum itself mixed with the -
mineral portion. The organic matter of the first class should be 
described as to color, texture, degree of decomposition, and thickness. 
Where the plant remnants are distinguishable, the source of the 
material should be noted. The residues may be made up of the 
needles of coniferous trees, leaves of deciduous trees, mosses grasses, 
or other plant remains. ' 
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The relative content of humus in the horizons of the solum is 

indicated generally by the color of the soil. Black soils are usually 
high in this constituent, and progressively lighter colored soils con­
tain, generally, lower amounts. It must be remembered, however, 
that other compounds in the soil which influence color vary independ­
ently of the organic matter. If black well-dispersed organic colloids 
are so distributed as to coat each individual grain, a comparatively 
small total amount may impart a very dark color to the soil. 'Vith 
increases of annual temperature, other things being equal, it seems 
that normal upland soils having the same content of organic matter 
are lighter in color. 

The general distribution of the humus in the solum should be 
described in association with the average thickness of the horizons 
containing humus, infiltration of humus into the deeper horizons, 
and other features. 

The plant roots supply much of the material from 'vhich humus 
is formed. Therefore, it is important to note the general distribu­
tion of roots in the soil, especially where certain morphological 
features unfavorable to roots are present. Frequently, exceedingly 
dense or indurated horizons are more or less impenetrable to roots. 
Sonie other horizons are unfavorable to root development because of 
a high concentration of salts. Some soils have either stationary or 
fluctuating water tables which restrict root growth to certain hori­
zons. A rather wide and important difference in the root develop­
ment of perel111ial plants as compared to that of annual plants may 
be noted, especially in soils having fluctuating water tables. 

All these conditions are important especially in considering the 
soil as a medium for the growth of plants, and should be examined 
and described carefully. The depth at which most of the roots are 
distributed and the depth of their penetration into the lower soil 
layers should always be noted. In evaluating such information it 
must be remembered that plants vary a great deal among them­
selves in the effectiveness with which their root systems may be 
able to extend into different kinds of soil. The soil surveyor cannot 
depend entirely on the examination of a soil made at one time for 
determining the amenability of the soil to roots. As the hardness 
of a horizon may vary somewhat with the seasons and with such 
cultural practices as Irrigation, during certain periods roots may 
penetrate a soil which appears very hard at other times. 

DETI!lRAilNATION OF HORIZONS 

The deseription of the soil profile consists of the descriptions of 
its several horizons. The soil horizons are genetically related to one 
another and are produced through the action of soil-building forces. 
They vary tremendously in different soils; many h<?rizons that are 
well developed in some soils may be absent or only weakl~ deve!­
oped in others. Figure 12 illustrates the general or hypoth~hcal soil 
profile. Like the hypothetical plant used by a botarust to lllustrate 
possible forms, no such entity exists in nature but merely ~r,·es 
to illustrate the possible horizons. No one soil has all the honzons 
well developed, but every soil has at least a part of them. 



Organic debris lodged on the soil; usually absent on 
soils developed by grasses. 

The solum. (This portion includes the true soil, de· 
veloped by soil-building processes.) 

The weathered parent material. Occasionally absent, 
I. e., soil building may follow weathering so closely tbat 
no weathered material that is not included in the solum 
is found between B and D. Horizons lettered Co and C, 
represent possible layers or accumulated calcium carbon­
ate or calcium sulphate found in Chernozem and other 
soils. 

Any stratum underneath the soil, such as hard rock or 
a layer or clay or sand, that is not parent material but 
which may have significance to the overlying soil. 

Zone of llluviation. (Exclusive of car­
bonates or sulphates, as in Chernozem, 
Brown soils, and Sierozem. In such 
soils this horizon is to be considered as 
essentially transitional between A and 
CJ . 
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Loose leaves and organic debris, largely undecomposed. 

Organic debris partly decomposed or matted; frequently 
divided into sub horizons. 

A dark-colored horizon, containing a relatively high content 
of organic matter.-but mixed with mineral matter. Thick in 
Chernozem and very thin in Podzol. 

A light-colored horizon, representing the region or maximum 
leaching (or reduction) where podzolized or solodized. The 
hleicherde of the Podzol. Absent in Chernozem, Brown soils, 
Sierozem, and some others. 

Transitional to B, but more like A than B. Sometimes 
absent. ' 

Transitional to B, but more like B than A. Sometimes 
absent. 

A deeper colored (usually) horizon representing the region 
of maximum illuviation where podzolized or solodized. The 
ortsteinofthe Podzol and the. clay pan ofthesolodized Solonetz. 
In Chernozem Brown soils, and S'erozem this re~ion has defi­
nite structural character, frequently prismatic, but may not 
have much if any illuviated materiqJs and represents a transi­
tion between A and C. Frequently absent in the intrazonal 
soils of the humid regions . 

Transitional to C. 

G represents the gleilayer of the intrazonal soils or the humid 
region. 

Underlyir.g stratum. 

NoTE.-Important subdivisions of the main horizons are conveniently indicated by extra numerals, thus: A21 and A,. represent sub horizons within A,. 
FIGURE 12.-A hypothetical soil profile having all the principal horizons. It will be noted that horizon B may or may not have an accumulation or clay. Horizons designated as 

C, and G may, and usually do, appear between Ba and C. 
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The principal horizons of the soil profile are designated as A, B, 

and C. Taken together, the A and B horizons are referred to as 
the solum which represents the true soil, produced by soil-buildin"' 
processes from weathered materials and in which the biological a; 
tivities take place. The designation C refers to the parent material 
or unconsolidated weathered rock directly under the solumP 

The diagram in figure 12 shows the principal soil horizons in their 
genetic positions in respect to one another, and their nomenclature. 
This system of nomenclature allows each horizon to be lettered ac­
cording to its genetic position and at the same time allows expansion 
for subhorizons or transitional horizons in very detailed studies. 
Thus the letters A, B, C, and D, as used in descriptions of the soil 
profile, designate more than a simple sequence of different horizons, 
and they should not be used unless they can be used with reasonable 
certainty. Especially with young soils, laboratory investigations 
frequently are required, in order to use the correct nomenclature 
with certainty. It is not at all necessary that the soil surveyor use 
the letters, and in all instances of doubt the horizons should be num­
bered simply 1, 2, 3, * * * from the top, and if the genetic na­
ture of any of them can be recognized positivelv, tlus can be indi­
cated by the corresponding symbol in parentheses, as 1 (A) , 2 ( A2 ) , 

3, 4 (B2 ) * * * Where the letters are used they should be used 
according to a definite system, and horizons within the solum should 
never be indicated simply as A1i A2, As, A4, * * * or B1, B2, 

Bs, B4, * * * indiscriminate y. For example, soils are fre­
quently found in which B 1 is either very thin or absent. In such 
instances the designation B1 should not be used in place of the desig­
nation B2 for the main portion of the B horizon. Similarly As or Bs 
may be absent. Sometimes C is absent, that is, soil formation may 
follow weathering so rapidly that there is no material above the 
rock which is not part of the solum. 

Subhorizons within C, the parent material, may be shown as C1, 
C2, * * *. Prominent layers or formations underneath the par­
ent material are better indicated as D than as subhorizons of C. 
The horizons shown in the diagram as C., C., and G usually occur 
just at the top of C. These should be labeled as such, rather than ~s 
subhorizons of either B or C. In the field it is not always easy to 
distinguish the limits of C. and C.; they may almost overlap or they 
may be separated. Again, it must be stressed that, although the 
letters indicating the genetic positions of the horizons may be better 
than simple numbers where correctly used, simple numbering in 
consecutive order is very much better than incorrectly used letters. 

All measurements of the depths of horizons should be made with 
the top of the A1 horizon as 0. In instances of those soils having Au 
and Aoo horizons lying on the A1, these should be measured upw~rd 
from the top of A1• If profile descriptions should be reported w1th 

u Orl~:lnally the A horizon was consldPrl'd to ln~Jude the uppl'r psrt of the solum, In 
which the accumulation of organic matter (and plant nutrients) was taking phu·e thr~u~:b 
the dirl'ct infiuence of plants, as in the surface soil of the Chl'rnozem; and the B ~JOrlz~n 
Included the lower part of the solum, transitional between tl)e mn~ or l<'•s _un~forn,• :V 
dP\'I'loped A horizon and the parent material, unaltered by s01l-~mldmg proei'N.,.s. 'I he 
study of soils was later extl'nded to those ha,•ing a l<'ach!'d layer m thl' nppl'r JJRrt of the 
Holum and a horizon of colloidal accumulation in thl' lowl'r psrt. Thus thP A liS now 
dl'finl'd may lndnde 11 horizon (A,) impoverished of colloids snd bn•<'s thrnuJ<h •urh a 
proc""" ns podzollzation; and the B in such soils wa;v be cbsractel"ized b;y a blgher content 
of colloid. 
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measurements from the surface of Ao or Aoo, it would be very diffi­
cult to make comparisons with other soils, since. th~ !hickness of 
these layers is so dependent on the frequency and mtens1ty of forest 
fires grazing, and similar outside influences. Although horizons Ao 
and 'Aoo rest on the solum, they are nevertheless an important part 
of the whole soil, especially from the point of .view of soil genesis. 

The average depth of each horizon should be noted, as well as the 
approximate limits. In some soils the separate horizons stand out 
rather conspicuously, whereas in other soils each merges into the 
other through gradational zones of some thickness. By simple in­
spection of the profile in place it is sometimes difficult to determine 
the exact position of the boundary .. Small samples must be removed 
and compared side by side, in order to locate the gradational area 
and determine the limits ~;>f the horizons. As each boundary is lo­
cated, small markers can be used until all the horizons have been lo­
cated, after which the measurements can be made and recorded. The 
profile description should include a note regarding the character of 
the boundary, that is, whether it is abrupt, gradual, diffused, smooth, 
wavy, or broken. In many instances, especially with soils having a 
pronounced microrelief, a trench must be dug and the horizons 
sketched to scale for some distance laterally, in order that a true 
picture of the complex profile-may be recorded. For special studies 
of such soils it may be convenient to set stakes, at .intervals ranging 
from about 6 to 12 inches, at the margin of the trench for reference 
in measuring the horizons. Using one stake as a beginning point, 
the elevations of the others in reference to this one can be obtained 
easily by the use of a Y-level. 

Especially for detailed studies of soil profiles, various systems of 
abbreviated. nomenclature have been proposed by several investiga­
tors. The soil surveyor may find it convenient to adapt some such 
system to his needs, but at present no particular one of them is rec­
ommended. In figure 13 is reproduced a sheet removed from a field­
man'~ n<_>tebook, carrying a comparatively brief but adequate profile 
description. 

Each horizon of the soil profile, including the parent material, 
must be described as to texture, structure, porosity, consistence, and 
color. 

TEXTURE 

The texture of soils refers to the relative size of the individual 
grains. On the basis of the relative percentages of different-sized 
particles (separates), the textural soil classes are recognized. The 
principal classes, in order of the content of the finer separates, are 
as follows: Sand, loamy sand, sandy loam, loam, silt loam, clay loam, 
and clay. In addition there are recognized others with modifying ad­
jectives, according to the relative size of the coarser particles, such 
as fine sand, loamy fine sand, fine sandy loam, very firie sandy loam, 
coarse sandy loam, gravelly sandy loam, gravelly loam, and cobbly 
loam. Variations within the clay and clay loam classes are indicated 
as sandy clay, stony clay, silty clay, sandy clay loam, and silty clay 
loam. Where the content of stones in a given soil type is sufficient to 
influence its utilization significantly and is general in the occurrence 
of the type, such textural names as stony loam, stony sandy loam, and 
stony sand may be recognized. ·where the content of stone varies, 
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~p~rt _from the other cha~actez:istics of the .soil type, their .Presence 
IS mdicated by phase designations defined m a way to indicate the 
degree of stoiliness. The manner of defining and indicating such 
phases on the soil map is discussed later. · 

The texture of the soil is determined in the field by feeling with 
the fingers. Considerable skill and experience is required for con­
sistent and accur~te ~eterminations, and each chief of party must 
~heck the determmat10ns of the members. of his party at frequent 
mtervals. Care mu:>t be taken not to confuse small. aggregates of 
the fine separates with sand. Frequently clay particles are grouped 
into small hard aggregates, giving the soil a feel of silt or sand, 
especially when dry. Again a small content of clay, humus, or other 
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FIGURIII 13.-Copy of typical profile description from a fteldman's notebook. Other form4• may be used for takmg the necessary notes, some of which are more elabora~ e,n 
allow the inclusion of more detail by the use of symbols. The type of description 
shown on this sheet is adequate tor ordinary purposes in soU survey work. 

cementing materials may give a soil such hardness or compactne~ 
in place as to suggest a much hi(J'her content of clay than actually lS 
present. The soil must be moist:'ned and worked between the fingers, 
m order to avoid such mistakes. 

It is always difficult to determine soil texture accurately at extremes 
in soil structure. Although every effort should be made for an ac­
curate estimation of texture fortunately small dift'e.rences are of 
less importance at such extr~mes in structure than under ordinary 
conditions where the soil is more or less friable. 

Exact determinations of texture are made on samples in the labora­
tory by mechanical analyses, and against these data the fieldman 
can check his judgment. When the textural class names were first 
suggested, definitions in terms of the relative percentage of the sev­
eral soil separates were made. Recent researches have shown that 
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the older points of separation were not well chosen and that the 
older methods of mechanical analyses did not fully disperse the finer . 
separates. At present no exact definition of the textural classes in 
terms of figures applicable to all the great soil groups can be given. 
Further research on mechanical analyses is being done, especially in 
respect to the clay portion, in order that factors may be developed 
for correlating the laboratory results precisely with the field results. 

STRUCTURE 

·Soil structure refers to the manner in which the individual soil 
o-rains are arranged. Its importance in soil classification and as a 
determinant of soil productivity can scarcely be overemphasized. 
The capability of any soil for the growth of plants depends as much 
on the physical condition or structure of the soil as it does ?n 
fertility (in a chemical · sense). Although there are no precise 
"single-value" expressions for soil structure in the field, there are 

· several fairly well established morphological types of structure 
which vary in themselves as regards hardness and consistence. Soil 
has a structural form in place, such as prismatic, columnar, nutlike, 
platy, granular, crumb, or fragmental. When removed, the larger 
aggregates may fall easily into smaller aggregates, such as prisms 
into nutlike aggregates. Under different degrees of pressure in 
the hand, these forms may be broken down into still smaller aggre­
gates, such as crumb, granular, or single grain. The hardness of 
the aggregates and the ease with which they can be crushed is ex­
tremely variable. For example, soils may have a hard, medium, or 
soft nutlike structure or a hard, medium, or soft granular structure. 
The granular or nutlike aggregates may be angular, subangular, or 
rounded. Some of the more important types with common modi-
fications are listed as follows: ' 

Prismatic.-Blocky structure with the vertical axis longer than the 
horizontal, as in the B horizon of many Chestnut soils. 

Nutlike.-Blocky structure, angular as in the B horizon of the 
Gray-Brown Podzolic soils, or rounded as in the B horizon of many 
Chernozems. · 

Columnar.-Prismatic with rounded tops, as in the"B horizon of 
the solodized -Solonetz. 

Platy.-Thin horizontal plates, as in the A. horizons of the Podzol 
and the solodized -Solonetz. -

Crumb.-Generally soft, small, porous aggregates, irregular in 
sha,pe, as in the A1 horizons of many soils. · 

Granular.-Hard or soft, but firm, small agO'regates angular or 
rounded, as in the A horizon of many Chernoze~. ' 

Fragmental.-Hard. or soft, but firm, .irregular aggregates, angu­
lar or suba~gular, as m many young soils developed from silty or 
clayey alluviUm. 
Phyllifo~m.-~~n l~yers, less dist~nct and thinner than platy. 

(~ere this <;<>ndit10n IS confined t~ mherited layers, as in the C 
horizon of soils developed from thm-bedded sediments the term 
"laminated" should be used.) ' 

To indicate a lack of definite structure, the following terms are 
normally used: · 

Single grain.-Each grain by itself, as in dune sand (structureless). 
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. Massive.--Large uni~orm masses ?f cohesive soil, sometimes with 
Irregular cleavage, as m the C horizons of many heavy clay soils 
( structureless). 

Some investigators use many additional terms for describing soil 
structure, and in the literature there may be all sorts of expres­
sions used, many of which are poorly defined, if indeed they are 
defined at all. A large ;portion of them are used partly in ref­
erence to soil structure and, at the same time, partly in reference 
to soil consistence or porosity and thus cannot be applied to 
any of the three. Unless some special condition is met with, the 
terms already given are adequate. Other terms should not be used 
unless they are properly defined and refer specifically to soil struc­
ture. Soil science has not advanced to the stage where it is possible 
or even desirable to obtain complete standardization of termmology1 but loose or bizarre terms should be avoided. A small number ot 
terms, appropriately modified as to size and quality of the aggre­
gates, makes possible more comparable descriptions than a large 
number of overlapping terms. 

Each structural type should be modified appropriately so that 
t.he hardness, size, friability, and other characteristics of the aggre­
gates are clearly defined. The approximate size should be given of 
prismatic, columnar, nutlike, and granular aggregates. 

The principal description of a soil should be made when it is 
at its normal moisture content, but attention should be called to 
any striking contrasts in structure under other moisture conditions 
to which the soil is subject. For example, a well-developed pris­
matic structure may not be easily recognized under extreme moisten­
ing. The soil surveyor must study the same soils under different 

. moisture conditions and note the changes which take place, in order 
that he may not be misled when examining soils that are abnormally 
wet or extremely dry. 

SPECIAL FORMATIONS 

By special formations in the soil, reference is made to (1) local 
concentrations and segregations of various compounds and concre­
tions, (2) local eftlorescence of salts, and (3) incidental morphological 
features produced by the activity of insects, worms, and rodents, and 
by roots. 

Concretions.-Concretions refer to local concentrations of certain 
chemical compounds which form ~rains or nod?les of various sizes, 
shapes, and colors. These may be nard or soft, Ir!egular or t"?und~d 
(shot). As examples may be mentioned the hme concretlm~ m 
Chernozem and the iron concretions of many Podzols and Laterites. 
Manganese, and sometimes considerable phosph~rus, m~y ~ present 
in such bodies. Wherever they are found, the soll qescr1pt~on should 
indicate their color, size, shape, and durability, and the1r amount 
and distribution in the soil horizons. . . 

Ortstein.-Ortstein is hard, irregularly cemented sandy matE;nal, 
such as that found in the B horizons of sandy Podzols, espe<:tally 
the Ground-,Vater Podzols. It may exist as rather small Isolated 
grains, as large irregular lumps, or in thick solid crusts. 

110045'-:IR-6 
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Efllorescence.-:Efll.orescence of salts refers to the occurrence of 
various salts in crystalline form. Among t.hese the efll.orescence ?f 
lime is of the most common occurrence. Lime carbonate occurs ill 
various forms in soil. It may be uniformly distributed ~hrough the 
mass or in several concentrated forms, as pseudomycehum, repre­
senting thin, irregular veins thoroughly penetrating the soil mass 
(usually along thin tubular pores), as nodules or nests (sometimes 
referred to as "white eyes"), and as films on the walls of cracks. 
Crystals of gypsum are not infrequently foun~ in nests or nodul~s. 
These and other salts may occur as concentratiOns at the surface ill 
crusts or at some depth within the soil. The depth of occurrence, 
degree of concentratiOn, and forms of efll.orescence should be care-
ful1y studied and described. . 

Krotovinas.-Krotovinas refer to irregular tubular streaks within 
one horizon of material transported from another horizon. They 
are caused by the filling of channels made by rodents with material 
:from outside the horizon. In the soil profile they appear as rounded 
or elliptical spots of various sizes. They may have a light color in 
dark horizons or a dark color in light horizons, and their other 
qualities of texture and structure may be unlike those of the main 
body of soil in the horizon of their .occurrence. 

POROSITY 

Soil porosity refers to the pore space or cavities in the soil mass. 
It is an important. characteristic, because these cavities form the 
channels for the circulation of gases and solutions through the soil. 
The total porosity, as expressed in percentage of the soil mass, 
cannot be determined in the field. The field description, however, 
should include some notes regarding any observable features of 
porosity. Not infrequently the soil material is perforated by numer­
ous small and irregular tubular pores; again it may be fractured 
by intersecting fissures; or it may be penetrated by channels dug by 
insects, worms, or small rodents. These conditions often have a defi­
nite relation to the distribution of roots, which must be noted in 
the field descriptions. Again they may have a particular signifi­
cance in the distribution of precipitates from soil solutions and 
suspensions. The walls of cavities often are somewhat glossy and 
have a rather dark color which may indicate an illuviation of certain 
colloids, either organic or inorganic. It must be remembered that 
soil porosity -is subject to considerable change with differences in 
moisture,. The appar.ent por:osity of many heavy soils usually is 
greatly illcreased durmg periods of drought, because of cracking, 
· where~s ,the porosity of the same soils may be reduced greatly If 
the soil IS saturated by water. Therefore, the principal definition 
of porosity must be made when the soil is in its normal moisture 
condition. 

CONSISTENCE 

Soil consistence refers to the relative attraction (cohesion a·nd 
plasticity) of the particles in the whole soil mass for one another· 
whereas structure refers to the attraction and arran()'ement of sod 
particle~ within particular aggregates. Especially cm~sistence refers 
to the different grades of compactness. The self-explanatory relative 
terms commonly used for defining soil consistence are : Loose or open; 
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slightly, moderately1 or very compacti• mellow; friable; crumbly; 
plastic; sticky; hard; and cemented. t must be remembered that 
soil consistence varies with different conditions of soil moisture. A 
soil may be sticky when sufficiently moist and either hard or crumbly 
when it is dry. Therefore, a description of any particular type of 
consistence must include a reference to the moisture conditions at the 
time of the observations and to any changes of consistence under 
different moisture conditions. 

It is of particular importance to note any differences of consist­
ence within the soil profile. Very often the consistence varies 
among the several horizons. For example the consistence of the B 
horizons of many soils is more compact than that of either the A 
horizons or of the parent materiaL The consistence of the A and B 
horizons of the solum as a whole and of 'the parent material should 
be compared. Whenever such comparisons are made, care should be 
taken that all parts of the profile are under comparable moisture 
conditions. 

Color is the most obvious and one of the most significant charac­
teristics of the soil. Each soil horizon has a distinctive color. 
Although color in itself may be of minor importance, it is frequentlv 
a significant criterion of other soil conditions of extreme importance. 
The content of organic matter in soil, for example, is a character­
istic which is nearly always evidenced by soil color. Other factors 
being constant, soil colors may range from nearly white,, through 
the browns or dark grays,·to black, as-the content of orgamc matter 
increases. The most stable part of the decomposed organic matter, 
humus, is darker than the raw, or less well decomposed, plant 
remains. Raw woody: peat is usually brown, whereas the well­
developed organic s01l produced from such material is black m· 
nearly so. It is further true that under high annual temperatures 
soils are not so dark as those of colder regions, provided the con­
tent of organic matter is the same. As organic matter is not the 
only coloring matter in soils, color by itself is not an exact measure 
of the content of this important constituent. There are instances 
where soils owe their dark color largely to compounds of manganese 
or to magnetite. 

The red or reddish-brown colors of soils are greatly dependent on 
the -content of unhydrated iron oxide. As this form of iron. is ~la­
tively unstable in poorly drained soils, red colors usually md1cate 
good drainage and good aeration. This is almost invartably true, 
for exampl.e of the red soils of the Southern States. In som~ 
instances, ho;...ever, the red color of the soil may be inherited f.ror!l 
the parent rocks and is not due to soil-forming processes. Thts lS 

especially true of soils develop~d over the "Red Beds'' of Triassic and. 
Permian formations. . 

The yellow color in soils is conm1only due to hy4rate~ iron oxtde.u 
Many such soils are imperfectly drained or inher1t the1r color f.rom 
a previous condition of poor drainage. Frequently, well-dramed 
sandy soils exhibit a yellow colot: which is brought about by a very 

11 TbP dP!n"l't! of dl•pPr•lon lnlluPn~Pa thP rolor of pl'f'CipltatP& of Iron oxide, as W<'ll .,. 
the hydration. To what f'Zt<'nt thP df'~rt>e of dl•pPrslon is important in determlnhl6 tile 
color or natural 11oll .hol·lsuna ls unknown to the wowr. 
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small amount of organic matter and other coloring materials, such as 
the unhydrated iron oxide, mixed with a large percentage of nearly 
white· sand. 
· Gray shades. may be bro~ght about in several ways. r:J;he com­

pounds contaimng reduced Iron are commonly gray or blmsh gray. 
Thus the color of glei horizons of the poorly drained intrazonal 
soils of the humid region is gray. Especially where the water table 
fluctuates, imperfectly drained soils are frequently mottled With 
gray, yellow, and brown at some depth beneath the surface. Again, 
a gray color may indicate a very low content of organic matter and 
iron, as in the A 2 horizons of the Podzol. In the semiarid and arid 
regions, certain soil horizons, or even entire solums, may appear 
gray or nearly white as the result of a yery ~igh content of. calcium 
carbonate or other salts. Nearly white soils may sometimes be 
found, especially in the humid regions, as an inheritance from the 
parent material. The failure of soils to accumulate organic matter 
ordinarily indicates an environment unfavorable to the growth of 
ordinary crop plants, and white soils are almost invariably 
unproductive. 

Nearly every soil profile consists of several horizons differing in 
color. In every soil examined and described in the field the com­
plete color profile should be presented. A horizon may be uniform 
m color or it may be streaked, spotted, variegated, or mottled in 
many ways. The appearance of the color pattern should be care­
fully studied and described. Local accumulations of lime or organic 
matter may produce a spotted appearance. Streaks or tongues of 
color may result from the seeping downward of colloids, organic 
matter, or iron compounds from overlying horizons. Conditions of 
imperfect drainage may produce a more or les!:_; distinct mottling. A 
variegated coloration often occurs in parent materials which are not 
completely weathered. · 

In a study of soil color it should be noted whether or not a color 
pattern has any relationship to the structure or porosity. Struc­
tural aggregates in the soil must be crushed to determine whether 
the color is uniform throughout the material of the horizon. In 
many instances it will be found that the black color of granules is 
due to a thin coating and that the basic color of the material is 
brown or yellow. 'Vhen such granules are crushed, the resulting 
mass will be much lighter colored than the original surface. A red 
color may exist as a coating over structure particles or sand grains, 
and a gray color also may be due to a thin film of leached soil 
around a darker colored aggrep-ate. 

A marked change in color takes place in many soils on drying. It 
is generally agreed that any quantitative measurement of color in 
terms of physical standards must be made by observation of the 
air-dried sample. Soils in the field usually do not reach such a state 
of dryness, and it is necessary that the colors of soils in the field 
should be noted at some common stage of moisture, preferably at 
the stage of optimum moisture content. The official description of 
the color of a soil type should include that made from air-dry 
samples. The color in the field should be noted also, together with 
sufficient information regarding the moisture conditions of the soil. 
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The ~esignat~on of soil color in the field consists of the principal 
color with modifiers for shades and depths of color. The principal 
soil !Wlors are black, gr~y, brown, red, and yellow. These may be 
modified b:y the appropnate term from among the following: Gray­
ish, browmsh, reddish, yellowish, pinkish, purplish, bluish, or olive. 
Thus the term grayish brown is used where the principal color is 
brown, modified by gray; whereas the term brownish gray indicates a 
principal color of gray, modified by brown. The principal color or 
its modifier according to shade, may· be further modified by 'the 
terms light or dark. Occasionally the terms, dull and bright, 
may be added for further specificity, although their use is usually 
unnecessary. In this way the color of soil horizons may be desig­
nated as reddish brown, light olive gray, yellowish red, dark grayish 
yellow, black, purplish red, light gray, and so on. -

The terminology employed in describing soil color should be con-
. fined to the terms just given urdess some very special or unusual 

condition ewists. Such expressions as mouse gray, lemon yellow, 
cream, tan, and leather brown should be avoided by all means. A 
few other terms, including ashy, olive drab, pale, whitish, rusty 
brown, and coffee brown, have been used in the literature and are 
permissible, but their use should be studiouslY: avoided, as they are 
rarely, if ever, necessary for an adequate description. Without 
doubt, many soil descriptions, including several published by the 
writer, carry an excessive and unnecessary number of fine color 
distinctions. 

A precise measurement of soil color in terms of strict physical 
standards can be made in the laboratory. This can be accomplished 
through duplication of the soil color bv the rapid rotation of a wheel 
on which are exposed segments of disks of standard colors. The 
proportions of the segments are varied until the composite color 
exactly matches that of the soil. Four disks-black, white, red, 
and yellow-will reproduce essentially any soil color. 

As an example, the analyses of the colors of several soils, according 
to physical standards, together with their soil color names, are given 
in table 1. These measurements were made according to the :Munsell 
system, using the following standard color disks, neutral 9 (white), 
neutral 1 (black), red 4/9 (red), and yellow 8/8 (yellow). 

TABLE 1.-Sellel'alaoil colora and their values according to the llfunseU system 

White Black Yel- Red Soil color name White Black Yel· Reel Soil color name low low 

--------------
Ptr· Ptr· Per- Per- Per- Per· Ptr· Ptr-

"""' """' """' """I CYnt e<nt """' C<lll 

Very light gray .•••••••. 73 10.5 10.5 6 Very dark" grayish 
8.5 81 5.5 5 Light gray------------- 40 41 13 6 

brown ________________ 

Gray------------------- 25 61 II 6 
Black __________________ 

4 114 l l 
Dark gray ______________ 18.5 68 7.5 6 Olive gray------------- 15 63.5 15.5 • 
Light grayish yellow ___ 40 16 32.5 11.5 Dark olive gray-------- 16 611.5 10.5 4 

Grayish yellow--------- 23 38 28 II 
Olive yellow ___________ 10.5 «. 5 211 Ul 
Dark olive yellow------ 10.5 72 13.5 ' Yellow----------------- II. 5 Ill 45.5 24 
Li~bt reddish yellow.-- 14 32.5 28.5 25 Groyisb brown _________ 15 50 22 13 u 20 26 45 Yellowish brown _______ II 67.5 Ill. 5 12 Yellowish reel----------

5.5 27 20.5 f7 Brown _________________ 
10 52 21.5 16.5 Reel.------------------- a 71.5 7. 6 18 Li~ht reddish brown ___ 10 36 25.5 2!'.6 

Dark red _______________ 
Dark brownish red----- a. 5 74.5 7 15 Reddish brown ________ 6 50. & 18.5 25 

II.& 59 10.5 Ill l>ark brown ____________ 7 67 13.5 12.5 Purplish brown ________ 
11 53 II 25 Dark grayish brown ____ 7 711 II 5 Purplish red--·--------

Very dark brown _______ 8 79 7 6 
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The color names used in the descriptions of soils are not in precise 
agreemeD;t with the.scientific names. For example, _the S?-called !ed 
soils, which are umversally known as red and whiCh giVe the 1m­
pression of red to the eye, are not found to be an unqualified red 
when subjected to color analysis or when compared with a standard 
chart of colors. Soils that appear bluish or greenish (olive) may be 
lacking in either blue or green. In describing soil color in the field 
and laboratory the commonly accepted names for soil colors should 
be used. ·where quantitative color data are available, they may be 
appended. 

REACTION 

The soil surveyor should determine the presence of free carbonates 
in the soil and parent material by the use of. dilute hydrochloric 
acid. The degree of effervescence may be noted as mild, moderate, 
or strong. When testing dry soils, care must be taken not to con­
fuse the emission of air bubbles with slight effervescence. The soil 
horizons should be tested in several different places. Frequently 
soils will be found which do not contain free carbonates except in 
pieces of undecomposed limestone or in small accretions. The 
boundary between the upper part of the soil not containing free car­
bonates and that beneath, which effervesces with the acid, may be 
extremely irregular. Certain heavy clay soils with a hard, well­
developed, columnar structure, for example, have been examined 
where effervescence occurred at a depth of a few inches from the top of 
the solum on the inside of the structural aggregate but only at much 
·greater depths on the outside of the same aggregate because of the 
much greater leaching between the structural units. This boundary 
is very important and should be located carefully. 

It IS important that the approximate hydrogen-ion concentration 
be known for each of the principal soil horizons, especially of those 
soils in the group of Pedalfers. As heretofore pointed out, the ordi­
nary field kits now available, which make use of various color indi­
cators, may not _give consistently satisfactory results with soils of 
high pH values. With these soils, as well as with others of an ex­
treme character, such as very acid Podzols and Bog soils, dependable 
determinations can be made only in the laboratory. ·with the 
Pedalfers of the United States, the determination of pH between 
about 4.8 and 7.5 can ordinarily be made with fair accuracy in the 
field. In addition, the pH of samples of the horizons from the prin­
cipal soil types of each area should be determined in a suitable labora­
tory with a h:ydrogen or glass electrode. 

The followmg terms are. used in order to describe the reaction of 
soils of known pH : 

pH 
Extremely acid------------------------------------------- Below 4.5 
Very strongly acid-------------------------------------------- 4.5-5.0 
Strongly acid------------------------------------------------- 5.1-5.5 
Medium acid------------------------------------------------- 5.6-6.0 
Slightly acid------------------------------------------------- 6.1-6.5 Neutral _____ .,. ______________ _: _________________________________ 6.6--7.3 

Mildly alkaline----------------------------------------------- 7.4-8.0 
Strongly alkaline------------------------------~-------------- 8.1-9.0 Very strongly alkaline ________________________________________ 9.1 and highei 
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v PRESENT LAND USE 

Having described the soil and associated features of the natural 
landscape, the present u~ of th~ l~nd must be described briefly as 
a part of the complete s01l descnption. The present use of the soil, 
the crops grown, and similar facts should be noted. It is of utmost 
importance t~at esse.ntial differences be~ween sou. types as regards 
crop adaptatwns, ytelds, and appropnate practwes be described. 
Such information must be had by direct observation in the field 
for the most part, with and without interviews. Only rarely d~ 
two soils have differentiating differences as soils without a corre­
sponding difference in pro?uctivity for native or crop plants. This 
does not mean that the s01l ·surveyor must "find" the difference in 
crop ecology in every instance, but it does mean that all observable 
relationships should be recorded. 

The necessary observations regarding the use capabilities of soil 
types cannot be made in connection with profile examinations alone 
but must be continued throughout the area. These observations must 
be made carefully and in a way to obtain information and interpre­
tations on the basis of the individual soil types. The soil type is 
the important t>hysical basis for the classification and extensiOn of 
data and experience regarding land use. At the same time, infor­
mation regarding use capabilities must be so presented that there­
lationships between soil types are clearly brought out, even when 
several soil types may make up one farm or other operating unit. 

In a great many instances information is available on soil types 
from experiments conducted by other agricultural research agencies. 
AH reliable data of such kind should be used in developing what 
might be called the "agronomic definitions" of the soil types. Fre­
quently the results of experiments located in adjoining areas on soil 
types similar to those Within the project are useful. Care must be 
taken that the data employed are reliable and obtained under condi­
tions comparable to those which could be expected on a normal oper­
ating unit. 

In describing the use capabilities of a soil txpe, attention cannot 
be directed simply to the capabilities of a soil under the simplest 
system of management; frequently the responsiveness of the soil 
to more intensive systems of management is equally or. even more 
important. Certain soils, for example, may be naturalll" unproduc­
tive for general or special crops but responsive to particular types 
of management. This responsiveness is itself dependent on the 
character of the soil type and in many instances is very important. 
in the agronomic definition of the soil type. Actual yields on such 
resl?onsive soils may vary greatly according to mapa~m~nt. Su.ch 
variations are to be expected and, rathe~ than mdiCa~mg varia­
tions within the soil type, prove responsiveness to certam manage­
ment as a type characteristic. 

UNITS OF CLASSIFICATION AND MAPPING 

On the basis of their differentiating charact~ristics. soils are 
g_r?uped into categori~s which can be defined wi~h suitable. pre­
cisiOn. Three categories are commonly employed m the classifica­
tion of soils in the field-(1) series, (2) type, and (3) phase. The 
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grouping of these ~nits into c~tegories h~gher th~~;n so~l series .and 
finally into great sOil groups will not be discussed m this manual. 

. Not all land can be shown on the soil map by the use of these 
three classificational categories alone. Occasionally areas of two or 
more soils, each belonging to a distinct classificational category, may 
exist in such an intimate and complex pattern that they cannot be 
separated on the soil map. Thus all units of classification are not 
necessarily mapping units. Two or more soils may be separated by 
important differentiating characteristics as far as soil classification 
is concerned, but such umts of classification must also have mappable 
differences if they are to be used as mapping units. In addition to 
the units already mentioned, a fourth, called the "complex" is nec­
essary. Strictly speaking, the complex is not a fundamental cate­
gory in soil classification but a mapping unit defined as a combina­
tion of two or more series, types, or J?hases. 

Certain types of land exist, whiCh possess little or no definite 
soil character, due to extreme stoniness, sandiness, hilliness, or some 
similar quality. - Such conditions are recognized simply as "miscel­
laneous land types." 

The soil surveyor must have clearly in mind the definition of 
these five classes of mapping units, the characteristics which are 
concerned with each, and their relationships to one another. Map­
pable differentiating soil characteristics should not be expressed as 
phases, nor should purely physiographic or other features outside 
the soil itself be expressed as series or types. In those . instances 
where soils have differentiating characteristics which are not map-
pable, the complex must be used. · 

THE SOIL SERIES 

A series is a group of soils having genetic horizons similar as to 
differentiating characteristics and arrangement in the soil profile, 
and developed from a particular type of parent material. Except 
for texture, especially of the A horizon, the morphological features 
of the soil profile, as exhibited in the physical characteristics and 
thicknesses of the soil horizons, are not allowed to vary significantly 
within a series. These characteristics include especially structure, 
color, and texture (except the texture of the A horizon) but not 
these alone. The content of carbonates and other sa)ts, the reaction, 
and the content of humus are included with the characteristics which 
determine series. 

Each soil in a series is developed from parent material of similar 
character. Parent material for soil is produced through the 'forces 
of weathering from rocks. Similar parent materials may be pro­
duced from different geological deposits and in different ways, and 
unlike farent materials may be produced from the same rocks be­
cause o differences in weathering. It is the character of the parent 
material itself which is important. It is not necessary that the origi­
nal rocks or the manner of the accumulation of unconsolidated par­
ent material be uniform throughout a series. 

Variations in texture, especially of the A horizon, are found with­
in a series. In the early days of soil surveying a considerable rang:e 
in texture throughout the entire profile was sometimes included withm 
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a series. Significant differences in texture of the parent material 
are riot to be included within a series as now defined. 

This does not mean that every single observable characteristic in 
two S_?il profiles must be identical if they are in the same soil series. 
If this were true each profile would be a separate series, as no two 
are identical any more than are any two black spruce trees, two 
horned toads, or even two soil surveyors. Slight variations in the 
thickness of the individual soil horizons must be expected. Where 
such variations have a practical, but not a genetic, significance, they 
n;tay be indica~d _by ph~se5: V ari:ttions in the soi! pr?file, quantita­
tively or quahtabvely Significant m· the characteriZatiOn of the soil 
as a natural entity, are recognized as series differences, and only 
these. · 

It is not easy to make a hard and fast rule regarding the variations 
allowed within a soil series. Ideally and especially from the point 
of view of applied soil science, it might be said that mappable differ­
ences of importance to the growth of native or crop plants should 
be recognized, and only these. The first part of this suggested guid­
ing statement can be accepted. All mappable differences in the soil 
profile significant to the growth of plants should be recognized in 
the classification. Inasmuch as science does not have at its disposal 
complete knowledge in regard to the relationships between soils and 
plants, this prinCiple cannot be fully accepted. As applied soil 
science has progressed the enormous practical importance of soil 
differences, thought to be only of academic interest a few years pre­
vious, have been demonstrated again and again. 

The guiding principle in separating soil series might then be 
revised to include all differences in the soil profile. Tins cannot be 
accepted entirely, as certain characteristics can be determined only 
with great effort and may not be worth the time and expense in­
volved. To illustrate: Two soils may have profiles closely resembling 
that normal for the Gray-Brown Podzolic group except that the C 
horizon of one has a pH of 6.8 to 7.5, due to the presence of calcium 
carbonate in the parent material, whereas the C horizon of the other 
has a pH of about 5.5 to 6.0. These soils should be separated, even 
though some trouble is involved. Most likely this characteristic will 
be associated with other accessory characteristics. From a practical 
point of view such a separation IS important to appli~d soi~ science 
and agronomy. On the other hand, suppose a similar difference 
existed between two soils associated with the normal Gray-Brown 
Podzolic soils but developed on flat upland relief and charac~rized 
essentially by impervious, cemented, or very comp~t B horizons. 
With these soils the aO'ronomic importance of the difference would 
be materially less than""with the first/air, and th~ d,ifficulty of mak­
ing the necessary examinations woul be greatly mcreased. 'fro.m a 
practical point of view the separation probab~y woul~ not l?e ~ustified 
If no consistent external feature were associated with thiS mternal 
characteristic. . 

A further restriction on the observable differentiating so~ char­
acteristics is that such characteristics must be ma{>p~ble. Like the 
se,cond example just explained, certain characteristics ~ay heed~ 
difficult to observe uniformly that the time and expense mvolv 1s 
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not justified. Again two soil series may be so intimately mixed in 
small areas that their distribution cannot be shown on the scale 
employed ·in mapping. The field scale ordinarily used in soil sur­
veying has already been discussed. Although this scale is not defi­
nitely fixed and can be adjusted according to the soil conditions, 
situations will frequently arise where complex soil differences can­
not be shown on any reasonable scale. In such instances the soils 
will need to be grouped and mapped as a complex. 

From what has been said, it is clear that no precise rule explain­
ing exactly which characteristics are considered differentiating be­
tween series can be laid down for all conditions. Generally, it may 
be said that those observable and mappable characteristics which 
are known to have, or are likely to have, significance in th~ growth 
of native or crop plants are concerned. Through experience in the 
field and a wide appreciation of the findings m plant physiology 
and agronomy, the judgment of the soil surveyor must become 
tempered. · 

The soil series names are place names taken from the area where 
the soil-is first defined, such as Miami, Hagerstown, Mohave, and 
Houston. In the early days of soil surveying many soil series were 
given a very broad definition, in fact, so broad in some instances 
that it became necessary to split the series into two or even several 
series after the soils had been more thoroughly studied and under­
stood. For example, several soil series are now recognized for soils 
included with the Miami and Carrington as first defined. Although 
Carrington is a place name from North Dakota and the series was 
first mapped there, subsequent investigations have shown the soils 
to be significantly different in many ways from those given the same 
name elsewhere. Since the name had been widely used in other sec­
tions it was retained for soils in Iowa, and those in North Dakota were 
renamed Barnes. This development has caused a certain amount of 
unavoidable confusion, as soils shown on the older maps do not con­
form to the later, more precise, definitions. Recently, however, as the 
classification has been more nearly perfected, this confusion has dimin­
ished, and if the descriptions in the report accompanying the particular 
map being used are followed, their identity offers no difficulty. 

As the same place names frequently occur in several parts of the 
country, care must be taken in correlation to r.revent the use of the 
same name for different soils. When the soil surveyor makes his 
field-mapping legend each series should be given a place name. 
As it is of the utmost importance that each soil be mapped in 
accordance with its definition for the particular area, if any doubt 
exists in the mind of the soil surveyor about the identity of any of 
the series previously defined, it is always best to use local names 
during the progress of the work. In the final correlation by the 
inspectors, like soils will be given their proper names. 

v' THE SOIL TYPE 

T~e soil type is .the principal un~t of .mapping and because of its. 
specific character Is usually the sml umt to which agronomic data 
are definitely related. Each soil series is composed of one or more 
type~, differenti:;tted on the basis of texture. The soil type name thus 
consists of a senes name plus the textural class name determined prin-
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cipally by the texture of the upper part of the solum.. In soils with 
well-developed profiles the texture of the A horizon determines the 
class name. 'Vhere the A hor~n is thin or poo:ly dev~loped, the 
average te~ure of the upper 6 mches (or ~ppr_?xunately equivalent 
to the cultivated surface layer of arable soils} IS used as a basis for 
determining the class name. 

In a few instances, the texture of the material at greater depths 
was given major emphasis in determining the class name before 
the prese!lt ~n~pts. w~re so precisely de~ned.; This practice was 
adop¥ l_Il .diStmguiShing between ~rtam soils whose principal 
var1atwn 1s m the texture of the B hol'IZon. For example, two soils 
havin~ sand or loamy.: sand A horizons to a depth of 20 inches, and 
B hol'IZons, in one soil of loamy sand and in the other of sandy clay 
loam, were given class names of sand and sandy loam, respectively. 
According to present usage, such soils would be placed in separate 
series, but as certain soil types thus defined such as Norfolk sand 
and Norfolk sandy loam, are so well estabii.;hed, the old nomen­
clature is retained. There are only a few soil types thus defined. 

It is not to be presumed that there is no difference whatever be­
tween soil types within a series other than the texture of the upper 
part of the solum.. If there is no important difference, except tex­
ture, the class name is determined (with the exception noted) from 
the upper part of the solum, but at the same time the texture may 
vary elsewhere in the soil. To illustrate: :Miami silt loam and 
:Miami loam have a silt loam and loam texture, respectively, in the 
upper part of the solum. The B and C horizons of :Miami loam 
have, on the average, a slightly lower percentage of the finer sepa­
rates than those of Miami silt loam, but the other characteristics of 
the soil are similar although allowed to vary qualitatively to the 
same extent that is expressed by the differences in the class name 
of the type. 

In instances of soils developed from stratified parent material, the 
question frequently arises in regard to where differences should be 
expressed by type and where by series. For example, suppose a soil 
is developed from heavy lacustrine clay and in places overlain by 
varying thickness of sand. Such a soil developed on clay is illus­
trated by Ontonag-on silty clay loam. As the sand layer on the top 
becomes thicker, silt loam, loam, and sandy loam types are produced. 
The question arises as to how much of the soil must be developed 
from the sand before the soil is placed in a different series. In such 
an instance, the outstanding characteristic of the series is the heavy 
clay and at least a part of the solum must be developed from ~he clay 
for the soil to be included as a type within the Ontonagon sen~s. 

With Bog soils, the textural class name~ use~ witJl other. soils are 
not npplic!lhle, and there are no type designatwp.s m. a s!rict sense. 
In Bog smls having well-decomposed surface soils, h1~h mash, the 
designation muck is used· and those which are not well deco~posed 
and are low in ash are cahed peat. This mucklike surface .sml ~ay 
be developed by soil-buildin(J' forces from peat or. may be mhented 
from the parent material. Thus, the complete sml name of a Bog 
soil consists of the series name and the word peat or muck as .tJte 
case may be, as Carlisle muck and Greenwood peat. Intermediate 
types are called peaty muck. 
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THE PHASE 

. A phase of the soil type is defined and shown on the soil map on 
the basis of characteristics of the soil, or of the landscape of which 
the soil is a part, that are of importance in land use but are not dif­
:ferentiating characteristics of the soil profile. Important variations 
in relief and stoniness are typical examples. 

Differences in the texture of the up.Per part of the soil, of sufficient 
significance to be recognized in mappmg, are indicated by type desig­
nations. Similarly, important differences in structure and other 
characteristics of the solum should be recognized by series defini­
tions. · The most common phase designations include variations 
within the soil type as to slope, erosion, stoniness, and drainage, that 
are important in land use. but not expressed in mappable differenti-
ating soil characteristics. / 

V SLOPE 

Each soil type has its characteristic range in relief, and any 
marked departures involve a change in those characteristics of the 
soil itself which determine series. With some soils this range is 
rather narrow, whereas with other soil types, within the range al­
lowed, there are frequently differences in relief of great significance 
to land use, especially in respect to cropping, even thou~h there is 
little difference in the character of the soil or its capabilities for 
native plants. It must be emphasized that these relief phases are 
primarily concerned with the relationships of the particular soil 
type to land use. The suitability of land for the use of agricultural 
machinery, and, in areas where soil erosion is· a problem, the erodi­
bility of the soil depends, in part, on the slope. From the point of 
view of land use2 there are five principal classes of land defined 
according to relief as follows : 

A. Nearly level to levelland, on which external drainage is poor to 
slow. From the point of view of slope there is no difficulty in the use 
of agricultural machinery nor is there likelihood o:f erosion. 

B. Gently undulating land, on which external drainage is good but 
not excessive. All types of ordinary agricultural machinery may be 
used with ease, and there is little likelihood of serious soil erosion: 

C. Gently rolling lands, on which external drainage is good to free 
but not excessive. Ordinary agricultural machinery may be used, but 
the heavier types of equipment with difficulty. On soils subject to 
erosion there is likelihood of water erosion where intertilled crops are 
planted. 

D. Strongly rolling land, on which agricultural machinery cannot 
be used. External drainage is free, but sufficient water is available 
for a good grass cover. Soil erosion is likely to be serious on land 
planted to cultivated crops. 

E. ~teeply sloping and hilly land, on which external drainage is so 
excessive that good pasture grasses cannot maintain themselves 
although trees may be able to do so. ' 

The impor!ant criterion o~ !hese clas!es i.~ not the percentage of 
szope but t~e~~ land-use defimtwns. In It.self slope has a limited sig­
mficance; ~ts zmportance can only be stud~ed and evaluated in respect 
to a definite tyP.e of soil. For example, some soils with a 5-percent 
slope erode ~aslly when devoted to clean culth:ation, whereas others 
erode very: httle under such treatment, even With slopes in excess of 
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50 percent. In many sections of the country the division lines will 
be about~' 7%, 15, and 25 per<;:ent of slope, respectively, but in 
some sections these figures, especially the last two, may be twice 
their suggested value, and in other sections they may be lower espe­
ciallY. the second one. The division lines) especially in reg~rd to 
erod1bility7 may not have the same values m terms of percentage of 
slope on different soils in the same region. . In many areas that are 
taken up for survey, there is no land oi theE class or even of the 
D class. 

The importance of differences in slope vades in different sections, 
but on the whole it is an important matter, and the final soil map 
must be so made that these relationships are clearly expressed by the 
definitions of the soil types and phases if the objective of the survey 
is to be reached. In a hill-valley section in the region of Pedalfers 
there are three principal use groups of rural land: Cropping, graz­
ing, and forestry, in the approximate order of their intensity. The 
boundaries of land capable of these uses are of first importan~~ and 
in many instances they are determined by differences in slope. 'vnere 
the soil type does have a range including one or more of these relief 
classes, one class is selected as tyfical for the soil. and the others 
are shown as phases in detailed soi mapping. 

Considerable study is required before the definitions of the relief 
of th~ soil types and phases can be made accurately. Differences 
in erosion due to differences in land use should not be interpreted 
as indicating relief conditions. The classes must be so defined that 
the boundary lines between them are readily recognizable. This re­
quires considerable judgment. Having established suitable mapping 
units, the slope in percentage should be determined. In figure 14 
is shown a suitable instrument for this purpose. Unless care is 
taken and the types and phases clearly defined as to relief, the tend­
ency will be for numerous subphases or subclasses to be established 
and the ma:pping become hopelessly involved. In the survey of areas 
where special techniques or conditions are involved, as with land 
proposed for irrigation, special slope differences may be required, 
even though these are not intended for publication on the final 
lithographed map. 

In the final correlation, the relief phases will be named by the 
use of terms representi~ the departure from the relief defined for 
the typical soil, as slopmg phase, rolling phase, steep phase, an.d 
flat phase. In many instances where the soil survey is used as a basis. 
for detailed land classification, at least a part of the data may not 
need to be shown on the published soil map. _ 

V EROSION 

As with slope phases, erosion phases cannot be defined in precise 
physical terms applicable to all the various sections of the country 
where there are soils subject to erosion. The soil surveyor must 
distinguish between two general types of erosion: (~) Nat ural ~ro­
sion, or that normal for the soil type under the nat1ve vegetation i 
and (2) accelerated erosion, or that brought about locally as the re­
sult of incorrect land use Phases established to show the former 
are designations of naturai land types, as are relief phaS(>S; whereas 
the latter conditions are transitory. For example, a land type only 
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recently placed under cultivation may show little erosion under a 
method of management which can be .expected to lead to erosion 
as shown by other areas of the same kind of land under the same 
manao-ement for a longer period. In the final published soil map 
only the rela.tively permanent condi~ions are shown. In areas w~ere 
soil erosion IS a problem, however, m order to reach such an obJec­
tive as a basis for detailed land-use planning it may be necessary 
that the existing erosion conditions be shown in greater detail on 
the master soil map made in the field than is required for the pub­
lished soil map. 

FIGURE 14.-Abney band level, with case. 

The number of categories to be recognized and their definitions 
will depend on the scale employed in mapping and the requirements 
of the particular objective. The problem of erosion mapping as 
such, for special studies, cannot be discussed in detail here. Th~ 
general principles involved in the mappin~ of erosion in connection 
with the usual detailed soil survey can only be generally stated, as 
each area has its own peculiar problems. As With all other parts 
of the mapping legend the test of the categories for any particular 
feature is: Can the land be placed in the categories and does the 
map show those differences of importance in the operation of indi­
vidual farm units~ 
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The erodibility of the soil is a characteristic of the soil type and 
should not be sh<?wn by phases. For each .soil type of a ]?articular 
slope class there 1S a normal degree of eroswn, or that which main­
tail!S the soil_profile at its normal depth for the type under the 
native vegetatwn. 

To determine the degree of erosion when the soil is under culti­
vation, the depth of the solum must be coml?ared to that of the 
virgin soil. This depth should not include honzon Ao or Aoo• Fre­
quently there is a marked difference in volume weight as the result 
of cultivation, and the thickness of the A horizon is reduced without 
any loss of soil. Since most soils have some range in depth of 
the A horizon under natural conditions, the· average depth, and its 
range, of the solum of the normal soil type must be compared to 
the average depth, and its ramge, of the eroded phase of the type. 
This can be done accurately for important differences significant in 
land use, but if too much detail is attempted the mapping may become 
hopelessly confused. The thickness of the solum will, of course, 
vary with different soil types and to some extent with relief phases 
within a soil type. From both the practical and scientific standpoints, 
it is highly Important that erosion phases be defined in relation 
to each particular soil type concerned. Having established the stand­
ards, the mapping must be done on the basis of the soil as found, 
not on the basiS of soil gone. · 

This accelerated erosion due to incorrect land use may have reduced 
the depth of soil more or less uniformly by sheet erosion, irregularly 
by gullying, or by both. All the various degrees may be found, but 
ordmarily two or three phases differing in degree, will be adequate, 
as slightly eroded, moderately eroded, and strongly eroded phases. 
These may need to be recognized for sheet erosion, gully erosion, and 
for a complex of the two. The separation between the second and 
third classes should represent the boundary line between land gen­
erally suitable for the most intensive use group of which the natural 
land type is capable and that suitable only for a less intensive use. In 
most Instances, the use groups concerned will be cropping on the 
one hand and grazing and forestry on the other, but the division may 
represent the difference between land suitable for grazing .and waste 
land. On the final soil map this distinction is the one which should 
be shown; but finer distinctions may be made in the field, where 
required to reach the objective of the survey. . . 

Occasionally, "silted" or "overwash" phase~ ~re necessar~ to mdt­
cate conditions produced by the fresh deposthon of alluvmm over 
a soil type. V . 

BTONINESS 

Stony cherty cobbly or gravelly phases are used· to indicate soils 
which v~ry sig~ificantly from the soil type onl.y in these features. 
If a soil type Is characterized by a consistently htgh content of such 
fragments their presence is indicated in the textural class name, 
such as st~ny loam, gravelly sandy loam, or cobbly. loam. Of t~ese 
conditions, stoniness is the most important, and m la!ge sec!tons 
of the country, especially in mountainous areas, a!ld ~~ glact~!ed 
areas, it may be a determining factor in land classtfica_twn. '' 1th 
those soils naturally productive for crop plants an~ hav~ng a fa_,·or­
able relief for crop production, the degree of storuness ts t'spectally 
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important. Of first imp.ortance i~ ~h.e boundary line between. degre~s 
of stoniness that determme capabihties for land use. Thus, If a soil 
type is s-qitable for crop :production, but in genera~ ~he stony phase 
is not it 1s of the utmost Importance that the defimt10ns of the type 
and phase be made so that the boundary line accurately separates 
the potential cropping land from that not suitable for crops. 

For the usual detailed soil map published in color on a scale of 
1 inch to the mile, subphases of stoniness ordinarily are not shown. 
Where the field maps are to be used as a basis for detailed land classi­
fication, however, greater detail than that indicated on the litho­
graphed maps is sometimes required. If this mapping of subphases 
showing degrees of stoniness requires considerable detail, a secondary 
field sheet should be employed. Usually three classes of stoniness . 
in addition to the stone-free land will be sufficient to indicate the 
necessary detail as follows : 

0. Land essentially free of stones. 
1. Land having enough stone~ to interfere with cultivation unless 

removed but not so numerous as to preclude the practicability of their 
removal. 

2. Land having sufficient stones to preclude the practicability of 
their removal, in order that the land may be cultivated, but not enough 
to reduce its capabilities significantly for permanent pasture if other 
factors are favorable. · 

3. Land so stony as to be unfit for cultivation and of no use, or of 
only limited use, for pasture. Land of this character is commonly 
included with the miscellaneous land types which will be described 
subsequently. 

The most important distinction lies between class 1 and class 2. 
For the published soil map classes 2 and 3 are grouped together as 
the stony phase or, commonly, class 2 is shown as the stony phase 
and class 3 as one of the miscellaneous land types if the stoniness is 
of such a nature as to render the land essentially useless for either 
cropping or grazing. These definitions are, like those of the relief 
classes, in terms of land-use capabilities and are more or less arbitrary 
from a strictly scientific point of view. The quantitative definition 
of the classes in cubic yards per acre will vary somewhat in different 
sections of the country depending on the other factors influencing 
the intensity of land use. A set of figures found useful in several 
places are, 2 to 20, 20 to 50, and over 50 loads (equivalent to cubic 
yards) fer acre for the three classes of stoniness. Like the defini­
tions o relief phases in terms of percentages the figures must be 
subject to revision in different sections, in order to maintain the 
definitions according to land-use capabilities. 

Small spots of the stony phase may be indicated by symbols, and 
where this is done the symbols employed must be carefully defined 
as to the degree of stoniness and the size of the area indicated. For 
the published soil map classes 2 and 3 defined above are grouped 
together fQ_r the stony phase when shown by symbols. Thus each 

·stone symbol may be used conveniently to indicate 114 (%-1%) 
acres or 2% (1~3%) acres of the stony phase accordinO' to the detail 
nec~ss~ry. Thus 1h , 2, 5, 10, and 15 acres of the sto~y phase will 
be mdiCated by 1, 2, 4, 8, and 12 symbols, respectively, or by 0, 1, 2, 
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4, and 6 symbols, according to the second suggestion. The same 
definitions may be· given to the symbols showing small areas of the 
cherty, cobbly, or gravelly phase. · 

J DRAINAGE 

In most soils significant differences in drainage axe reflected in 
differentiating characteristics that determine soil series. Occa­
sionally, however, small differences, highly significant in land use, 
are not ac<".ompanied by significant differences in the soil J?rofile. This 
is especially true of soils developed from alluvium whiCh have de­
veloped little or no profile characteristics. With such soils, im­
portant differences in drainage can be indicated by phases. Again 
soils developed in benchlike positions, such as stream terraces, may 
have small differences in the drainage beneath the solum, which are 
important to land use but are not reflected in the soil. Indirectly 
re!ated to drainage i~ the like~ihoo4 of overflow: Here again yo~ng 
smls may vary significantly m this respect Without correspondmg 
differences in soil characteristics, and high-bottom :phases may be 
defined for the separation of part of a soil type distmctly superior 
from the yoint of view of capabilitieS for crops. 

The soi surveyor should never represent the fundamental differ­
ences in soil brought about by differences in draina~re, as phases. 
This legitimate use of drainage as a criterion for phases 1s very 
closely limited but nevertheless important with some soils. 

OTHER PHASES 

Many desio-nations previously used as mixedlhase or alkali phase, 
are essentialfy complexes and will be describe under that heading. 
The mapping of differences in salt content is discussed in a special 
section. Phases have been used incorrectly in some instances to 
indicate differences of the order of series or type. 

Physiographic phases, in addition to those necessary for indicating 
relief, drainage, or overflow, should be avoided. Many of those 
suggested. from time to time have no definite significance, either 
scientifically or practically, partly because of the difficulty of precise 
definition. There are a few legitimate uses of such phases, how­
ever, where they can be d~fined accurately and where relief phases 
do not give .a satisfactory representation of actual conditions. For 
example, a sandy soil type derived from stratified materials may 
have an essential counterpart where the sandy material had been 
moved about by the wind and the surface left hummocky. In a 
strict sense such a condition is a relief phase complex aild may be 
best mapped and defined as a hummocky phase or as a dune phase, 
depending on the nature of the mounds. A few other ex~~ples 
may be met but, for the most yart, there is little need for addttional 
physiographic phases. In soi mappin..,. no attemJ;>t should be made 
to show geology or physio..,.raphy as su~h. The sml an~ other P. h:ys­
ical features of importan~ in land use are to be shown m categones 
defined in such a way that the capabilities of land for use may be 
seen from the map. . . 

Phases based on slight <·hangt>s in color are rarely ]UShfi~d. If 
the color of the soil varies significantly it should be recogmzed as 

9!1045·-as-7 
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a different series. If the color difference is not significant it should 
not be recoQ'Ilized at all in the mapping but should be clearly de~ 
fined in the ~oil-survey report. An exception may be made in a few 
instances where the color is inherited from the parent material and 
has little significance to tJ:e soil it.self. Differe~1ces in p~rent mat';­
rial which are accomparued by httle or no difference m the soil 
itself are rarely of sufficient importance to separate, but occasionally, 
especially where the solum is thin, it may be necessary. Usually 
such separations can be sufficiently described, both as to character 
and location, in the report. · 

·where phases according to depth are used., especial care must be 
taken to define them. The terms "deep phase" and "shallow phase" 
have been used to indicate (1) the thickness of the A 1 horizon, (2) of 
the A horizon, (3) of the solum, and (4) of the solum plus parent 
material over some lower strata, especially of hard rock. Instances 
will arise where differences in depth, especially to hard rock (4), are 
legitimately shown as such by phase designation. Less commonly, 
differences in the depth of the A horizon (2) may be shown adequately 
by phase distinctions. Aside from these conditions, however, phases 
can rarely be used with correctness. Differences in depth due to ac­
celerated erosion should be shown as erosion phases, but most of ths 
significant variations in depth are series differences and not phase 
differences. 

THE COMPLEX 

The mapping unit known as the complex has not been conceived 
clearly by many soil surveyors. These· complexes are not categories 
of classification but are cartographic units composed of such intimate 
mixtures of series types, or phases that they cannot be indicated 
separately. Complexes are frequently called phases on the published 
soil map and described in the soil-survey report. This is satisfactory 
from the point of view of those using the maps, but from the point 
of view of soil classification there is an important difference which 
must be conceived clearly for logical results. 

A phase represents a uniform change in some character other 
than a differentiating soil character, but a complex represents a 
mixture of two or more series, types, or phases, that cannot be 
~el?arated because there are p.o mappable differentiating character­
Istics. A few complexes, unfortunately, have been given separate 
series names in the past, whereas they were in reality mixtures of 
two series. Many of the Solonetz and Solonchak soils occur as spots 
within other soils and the two so intimately mixed that the areas 
can be shown only as complexes. Intimate patterns of Bog or Half­
Bog soils with upland soils must be mapped as complexes, some­
times called in the past mixed phases. It is better, however, to use 
the series names of the two dominant constituents of the complex as 
Rubicon-Rifle complex or Saugatuck-Newton complex. The descrip­
tion of the complex should include a description of each soil and of 
the pattern whiCh they make. A more useful map will be made in 
this way than by trying to draw boundaries accordinO' to the rela­
tive predominance of each type where the intimate detail cannot be 
mapped. 

Frequently textural differences within the series cannot be sepa­
rated on the map, although the series can be shown. This is espe-
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cially true of alluvial soils, but the condition is by no means con­
fined f::o thein: Such _a comi?lex can be gi_ven t~e series name only, 
as Gnffin soils, undifferentiated, or Gum soils, undifferentiated. 
Again the soi~ tJ:pe may be mapped ou~, but r~lief phases of great 
Importance w1thm the type may be mmgled m such an intricate 
pat~rn t~at they <;annot b_e separated. This matter was touched on 
m discussmg physwgraphic phases. Although such conditions may 
be physiographic, they are more logically conceived as phase com­
plexes. A landscape may consist of nearly level land with steep 
mounds, too small to indicate individually, scattered through the area. 
Such a mixture of phases may be indicated as Mancelona cobbly 
loam, mound phase, more strictly a complex than a phase. Simi­
larly, a sheet-eroded phase of a soil type and the normal soil for the 
type may be so confused that a complex of the two must be recognized. 

MISCELLANEOUS LAND TYPES 

Although the soil. map is primarily concerned only with soil, other 
areas of land that are without a definite soil must be indicated on 
the map. Many terms are in current use for .such land, and the 
principal ones of these are defined as follows. It will be noted that 
some of them may also be complexes or parts of complexes. 

' Alluvial soils, undifferentiated.-Alluvial soils, undifferentiated, 
is a complex of various alluvial and young soils. This term is to be 
preferred to "meadow." Where the mixture consists of established 
soil types, the area should be mapped as a complex, using the series 
name, as Congaree soils, undifferentiated. 

Coastal beach.-Coastal beach designates lands which are -recently 
uncovered lake or ocea.n beds with the strand or wave-worked beach, 
along large lakes or oceans. The land may be covered with water 
during high tide or stormy periods. If the material is predomi­
nantly sandy the term "beach sand" is used. 

Dune sand.-Dune sand designates shifting dunes or those only 
partly fixed or so recently fixed that no soil has developed. 

Made land.-Made land includes filled-in areas, such as those in 
cities and near industrial plants. The material may be a mixture 
of earth and trash. 

Mines, pits, and dumps.-Mines, pits, and dumps include areas of 
land mutilated by mine operations. 

Peat.-Peat is applied to a complex of unclassified peat. If the 
surface of the peat is fairly well decomposed and has a high content 
of ash the term "muck" is used. 

Riverwash.-Riverwash includes those pa.rts of the present ::;tream 
bottoms that are frequently covered with water and subJect .to 
movement. The land consists of stony, gravelly, and sandy mater1al 
that is generally bare and essentially -useless for plants. 

Rock outcrop.-Rock outcrop incllldes exposures of. bare rock oc­
curring in areas sufficientlv large to delineate on the so1l map . 
. Rough broken land.-Roucrh broken land includes areas ha~g 
steep or very steep relief, which in many places may l?e badly gulhed 
or broken by intermittent drainageways and may mclud~ narrow 
winding rid ... es and steep knobs. Where the landscape lS alm?st 
entirely a r:Sult of rather recent erosion the term "rough gulhed 
land" 1s used. 
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Rough mountainous land.-Rough mountainous land refers t& 
very rough land, dominantly st~ny in ch~racter but in~luding small 
areas of land suitable for croppmg and, m places, considerable land 
suitable 'for grazing. This mapping unit is essentially a complex of 
rough stony land with small areas of soils. lt is not recognized in 
detailed soil mapping, only in reconnaissance soil surveying. 

, Rough stony land.-Rough stony land includes land having steep 
relief accompanied by many outcrops of solid rock and large 
boulders. The land is too steep and otherwise unsuitable for either 
cropping or grazing of any consequence. 

· Scabland.-Scabland includes areas of nearly level or sloping land 
having a thin layer of soil intermingled with rock outcrops, generally 
volcanic rocks, as basalt. The land may support a scant vegetation. 

' Smooth stony land.-Sinooth stony land includes land similar to 
rough stony land but havin~ less pronounced relief. It consists 
largely of ledges or outcrops of solid rock and boulders, with a small 
amount of soil material. 

/ Steep hilly Iand.-Steep hilly land includes land with steep slopes 
which are not stony and not recently eroded. In most instances 
such land will be shown as a complex, such as steep hilly land, 
Madison-Louisa complex. 

, Swamp.-Swamp is used for a complex of poorly drained im­
mature soils, mainly inorganic and usually forested. Where the 
grass vegetation predominates the term "marsh" is used. 

Tidal marsh.-Tidal marsh includes wet land bordering bodies of 
salty or brackish water and periodically covered by the tide. 

MAPPING SYMBOLS IN LEGEND 

After the descriptive legend has been prepared, each soil type, 
phase, complex, and land type must be given a particular symbol. 
It is usually most convenient to assign numerals to the soil types, 
complexes, and land types, and letters or numerals to the phases. 
Where the mapping is done in considerable detail it may be con­
venient to employ fractions such that certain numbers and letters 
are employed in the numerator and certain others in the denomina­
tor. It is neither necessary nor desirable to suggest a uniform sys­
tem for all areas. The symbols should be as short and as clear as 
possible and so arranged as to be easy to remember. Since the prob­
lems in any two areas are rarely identical, the system of symbols 
us~d !fiUSt vary from place to place, in order to reach these 
ObJectives. 

Some examples of symbols will suffice to illustrate some of the 
possible devices. A soil type may be shown as a simple number, say 
14. Relief phases might be shown as 140 and 14D. Further phases 
for stoniness might be shown as 14S1 , 140S1 , 140S2 , and so on. If, 
instead of phases for stoniness, there are phases for erosion, they could 
be shown in the same way. If several phases and present land use 
are to be shown on an unusually detailed map, a fraction may be 
employed for convenience as: 

Soil type-relief -stoniness ( 14CS1 ) 

erosion -land use S2 0 
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If !>ne of these. factors_, such. as. stoniness or erosion, is not im por­
tant m the area, It would be ehmmated from the fraction and other 
f!lctors, such as drainage or. saltiness~ added if necessa~y. The par­
ticular form of symbols will thus depend on the obJective of the 
mapping, the detail shown, and the nature of the landscape. Long 
and complicated symbols, such as the one illustrated in the last 
example, should be avoided wherever possible. 

In addition to the symbols used within areas enclosed by bound­
aries, others must be used f?r .small spots of a stony phase, a wet 
phase, a rock outcrop, and similar features not enclosed by bound­
aries. 'Wherever possible the standard symbols should be employed, 
but occasionally it may be necessary to use special symbols for some 
special feature or condition. Above all, the mappmg legend must 
define every such symbol, quantitatively and qualitatively. If stone 
symbols are used, for example, the legend must define precisely the 
area and degree of stoniness each symbol represents. The same is' 
true for symbols showing rock outcrop, gravel, wet spots, depre3-
sions, sinks salty spots, and similar features. 

The symbols for drainage and cultural .features have been dis­
cussed. These are well standardized, but special deviations al'e 
sometimes necessary, especially when the scale of the map is very 
small. These symbols, mcluding those which are standard, together 
with their definitions, should be mcluded in the field legend, in order 
that no possibility for confusion may exist. 

It is the responsibility of the chief of party to be certain that all 
symbols, of whatever kind, appearing on the soil map are fully de­
fined and included in the mapping legend, and that there is no con­
fusion or duplication of Syillbols. No mapping should be d~me by- ~ny 
member of the party until such a legend has been ft4rmshed hrm. 
Even if the use of certain symbols appearing in a few places has 
been discontinued, they should be included in the legend and a nota-
tion made of their restricted use. · 

PREPARATION OF THE SOIL MAP 

After the base map· is available and the soil-mapping legend pre­
pared, the work of constructing the soil maP. ~an begin. 'Vl~ere 
the soil surveyor must construct the base map It IS most convement 
to lay out the primary traverse befor~ any soil mappin~ is at­
tempted. After the primary traverse IS made, the remamder of 
the base map can be constructed as the soil map is made. 'Vl1ere 
beginners are in the party it will usually save time and trouble 
if the primary traverse is made by experienced men and _these sheets 
(without removing them from the traverse boards) g1ven to the 
less experienced men for completion. · 

LOCATION OF SOIL BOUNDARIES 

Soil boundaries must be located on the line of traverse and the~r 
course sketched accurately on the base map. Although the soli 
boundaries are not actually traversed they mu.st be obsert~ed t~rough­
out their course in detailed soil mappin~. A study of the soil types 
and phases to be shown will commonly show external features wluch 
assist in the sketchin(J' of the boundanes after they haYe been located 

"' 
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on th~ line of traverse. That is, a. great many of the soil bound­
aries are coincident with such easily .observable features of the 
landscape as the foot of a slope, the crest of a ridge, the margin of 
an escarpment, or changes in vegetation. 

But not all soil boundaries are so easly discernible. For example, 
several soil types, varying si~cantly in their.' capabilit_ies for 
· aaricultural use, may be developed from lacustrme deposits and 
erist in an intricate pattern without any marked external evidences 
in the terrain. Under such conditions additional time and care are 
required for accurate mapping. Althouah external features are use­
ful in locating boundaries, the identity of the soil must be established 
by internal examination and not from the external evidence alone. 
In all instances, frequent internal examinations · of the soil mus~ 
be made and in the absence of external evidences, the boundaries 
must be located entirely b;v examinations with a spade or auger. 

Sometimes soil boundaries are sharply defined and clearly evident; 
again they represent the midway line within a transitional zone as 
one soil type gradually merges into another. For example, the 
boundary line between a well-drained upland soil and a Bog soil 
may be very abrupt at the foot of an escarpment. Again there may 
be a very gentle slope from the upland soil to the Bog soil with a 
broad transitional belt, occupied by Half-Bog soils, and transitional 
belts between the three types of soil. Care must be taken to place the 
soil boundaries in the middle of the transitional belt. 

The boundaries are located precisely at the points of traverse 
and sketched accurately in relation to features shown on the base 
map, as dotted pencil lmes, from opservations between these points. 
It is highly important that the boundaries be accurate in reference 
to roads, land lines, houses, streams, and other local points of 
reference. It has been mentiOned that in the average detailed soil 
survey no feature should be in error more than 125 feet. Even 
within this limit, prominent features must be shown in proper rela­
tion to one ·another. For example, even though a house might be 
shown within 50 feet of its true position, if it were placed on the 
wrong side of a road, a section lme, a stream, or a soil boundary, 
the error would be serious and the map not acceptable. The begin­
ner will find it necessary to make frequent shots with the alidade 
and measurements to the side before angles and distances can be 
estimated with sufficient accuracy for· sketching. Especially in re­
connaissance mapping, side points through whiCh boundaries pass 
can be locate4 conveniently by graphic triangulation. ' 

Only the skilled and experienced soil surveyor can estimate distances 
greater than.40 rods under the best conditions, and a beginner should 
have a definite check on all estimations over a few rods. Variations 
i~ the. formation of tp.e landscal?e int:r:oduce many well-known illu­
SIOns m respect to dista.nce, whiCh mislead the beainner. For ex­
ample, equal distances when viewed over water, cle~red land brush 
l11;nd, and through trees, do not appear equal to a beginne;. The 
d~stance across a smooth valley appears very different than a similar 
distance across a valley with low hills within it. Soil boundaries 
drawn in reconnaissance mapping may not be observed throuahout 
their course but between points of observation are sketched o~ the 
basis of the general appearance of the landscape. More skill and 
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e~erience in the interpretation of external features are required here 
than in the detailed soil survey. · 
~n the pra<?tical job of soil map:ping it must be recognized that all 

sml boundaries are not of equal rmportance. The boundaries that 
separate soil_types or phases with capabilities in different use groups 
are of first Importance. For example, the boundary line between 
well-drained land and poorly drained land is of first importance. 
Tl~e boundary _lines betwee~ land suited to cropping and that not 
smted ~ cr:opp~ng are more rmportan~ than those separating various 
types withm e1ther group. Such prrmary boundary lines must be 
drawn with especial care and accuracy. · 

SIZE OF AREAS SHOWN 

It is sometimes difficult for the chief of party to instruct his 
assistants as to the minimum size of areas of distinct soil types 
or phases that are to be separated from other types and to achieve 
uniformity of mapping in this respect. Despite the difficulty, uni­
formity of mapping is essential, and much attention needs to be 
devoted to this problem, in order to meet the objectives of the work 
effectively and economically. 

No categorical definition, applying to all conditions, can be laid 
down covering this point in terms of area. In the detailed · soil 
survey, areas which influence significantly a unit of operation should 
be indicated. If, for example, a small spot of excessively stony land, 
wet land, or steep land,· occurs within an area otherwise suitable 
for cro:p productwn it should be shown even if only one-half or 
1 acre m size. Such small areas· of distinctive land types must 
be show:Q ordinarily by special symbols rather than as areas enclosed 
by boundaries. On the other hand, if two soil types are similar and.z 
although varying somewhat in their crop ecology, small areas ot 
one within the other do not significantly influence the use of the 
land, areas less than 5 acres should not be separated. With soil 
types suited only to some extensive use, such as ~razing or forestry, 
the minimum will be considerably higher, dependmg on the objective 
of the soil survey. 

Thus, the more important the soil boundary, the smaller will be 
the minimum size of the areas to be enclosed by it. In instances of 
small areas of distinctive importance, care must be taken not ~ 
exaggerate their size on the map. By the judicious choice of defim­
tions and symbols, small areas can be indicated with sufficient ac­
curacy without drawing actual boundaries. In intimatei intricate 
mixtures of two or more types in areas so small that the ~nd must 
be used all together without differences in treatment, the so1ls should 
be mapped as a complex rather than attempting to separate them, 
where tliis cannot be done accurately. No boundaries should be placed 
on the detailed soil map t111less they can be sketched accurapely. 
If difficulty is experienced in mapping observed features by tral';!OO 
surveyors, it generally will be found that some part of the mappmg 
legend is not logically developed or arranged. 

SECONDARY SHEETS 

Secondary sheets may be used for secondary traverses 'Yhere, ~or 
some reason, it is impractical to carry the master map, as m heanly . 
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wooded areas. In extreme instances, the[lane table is scarcely usable 
at all except on the roads, and the chie part of the mapping must 
be done on sheets carried in the notebook. In unusual instances, these 
sheets may be copied in ink and considered the final field copy 
of the map but ordinarily this is not done, and it should be done 
only under ~pecial instructions. The data from the secondary sheets 
are transferred carefully to the master map as soon as convenient 
after completion but are filed for possible future reference. 

Again secondary sheets may be used for the entire area to show 
data in addition to those included on the master map. Their use 
for this purpose should be limited. The data not intended for the 
final published soil map, such as subphases of stoniness or erosion and 
land cover, may be mapped in order to reach some special objective. 
Oil-treated paper is prefer~ble for such uses. 

Field notes to accompany the map should be made for any special 
conditions not adequately expressed by the map itself. ·These will 
be especially helpful in the early part of the work, before the legend 
has been whipped into final form. Any departures from the legend 
should be noted on the spot and brought to the attention of the 
leader of the party as soon as possible. The chief of party must 
insist that beginners keep such notes of their mapping, in order to 
assist him in checking their work, both in the office and in the field. 
It must be remembered that a much greater degree of accuracy and 
uniformity can be realized by the use of standard mapping symbols 
than by written notes. As a matter of fact, when copiOus field notes 
become necessary to any great extent, that in itself is sufficient evi­
dence that the legend is not logically arranged or is improperly 
understood by the surveyors. 

CHECKING FIELD SHEETS 

Each field sheet must be carefully checked with all adjoining 
sheets, in order that there may be no discrepancies as to the base 
map or soil map. This should be done both before and after 
the sheets are copied in ink. The separate sheets should also be 
carefully examined for any open boundaries, unlettered or unnum­
bered areas, or other omissions. Each surveyor should check his 
own sheets and where possible, they should be rechecked by some 
other worker, in order to be certain that every part of the map is 
complete and entirely legible. The chief of party should check each 
sheet in several places in the field. With be(J'inners the sheets will 
need especial care in field checking which sh01~d be done before they 
are copied in ink. 

The field maps must be given a careful final checking by the 
chief of party before being sent to the office for preparation for 
publication. If there are any omissions on the map or in the legend, 
the costs for drafting are greatly increased and the publication 
delaye~·- It is, therefore, one of the principal responsibilities of 
the chief of party to see that all maps and legends are complete in 
every detail. 

INKING FIELD SHEETS 

Field work is done with pencil in areas where the soil-survey party 
makes its own base map. After the primary traverse is completed 
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and closed it is best to trace at least the roads in ink. As the final 
map is completed it should be copied with ink, although the margin 
of the field sheets should not be traced with ink until they have 
been carefully checked to the adjoining sheets. As has already been 
pointed out, the work of beginners must not be inked until it has 
been checked in the field and approved by the chief of party. 

Only waterproof inks are to be used on soil maps. Streams, drain­
ageways, and bodies of water are to be shown in blue. A small 
quantity of yellow or black must be mixed with the blue, in order 
that these features will be clearly reproduced when the maps are 
photographed. Only a small quantity of the yellow or black ink is 
required, and if black ink is used alone, care must be taken not to 
reduce materially the contrast between the blue and black lines. 
Section lines or other land lines where there is no road are shown 
with red ink; other cultural and physical features are shown with 
black ink. A ruling pen can be used very conveniently for roads 
and land lines, but most of the map must be made freehand with a 
crow quill or a fine lettering pen. Since the maps are made on a 
comparatively small scale, lines and symbols must be fine and dis­
tinct, in order that the photographs may be clear and legible. Neat­
uess, but not artistry, is of the utmost importance for the work to 

. be interpreted and published accurately. The lettering of towns, 
streams, and other features should be done last. Plain legible let­
tering is all that is required. Each sheet must carry the name of 
the area as well as definite reference as to its position within the area. 
Erasures of ink can be made with a knife only to the extent of re­
moving the ink from the paper. They may be completed with l,t 

fine sand eraser and finally with a plain rubber eraser. If the sur­
face becomes soft and cannot be restored by burnishing, a thin coat of 
collodion usually will restore an inking surface. 

It has been the practice to color the field sheets after inking, using 
a different shade for each soil separation. This has a distinct ad­
vantage of making obvious any omissions on the map. The coloring 
of the sheets aids m making them complete and assists in correlation 
and the preparation of the report. Since practically all of the field 
sheets must be photographed, coloring either should be postponed 
until after the sheets have been photographed or the pencils used 
lightly and the color scheme arranged in such a way that the color­
ing wtll not interfere with photographing. 

PREPARATION OF THE SOIL-SURVEY REPORT 

The. soil-survey report is a vital. adjunct to the ~oil. map. In it 
the so1ls are described as observed m the field and md1cated on the 
map and their capabilities for various uses ~xplained. The .present 
uses and manacrement of the soils are descnbed, together with ~­
ommendations for the future. In giving meaning to the mappmg 
units shown on the soil map, the report serves as an. ~xpanded ~e­
scriptive legend. Without an adequate report d~scribmg the. so1ls 
and explainincr their important characteristics m relahonslup to 
their capabilitfes for use, the soil map is of littl~ use to. the. layman. 

The report and map are largely concerned with specific ~nforma­
tion gained by observation in the field, supplementt;d with data 
obtained from the laboratory, greenhouse, and experimental field. 
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Of particular importance to the soil surveyor are the results of prac­
tical operators using the soil for various crops under various types 
of management. Certain generalizations regarding the physical, so· 
cial, and economic conditions of the county or area as a whole are 
important and necessary as a general ·frame of reference within 
which the more specific information finds its usefulness. Neverthe­
less, the principal function of the soil-survey report is to give the 
available specific informatio:Q. regarding each of the individual map­
ping units, their relationships to each other, and especially their 
relationship to an operating farm. 

OUTLINE OF REPORT 

In order to achieve some uniformity in the treatment and arrange­
ment o~ subject matter in· the report, especially for the convenience 
of those using large numbers of these reports, the outline which fol­
lows has been prepared. This outline cannot be followed blindly, 
as each area has its own particular features and problems requiring 
emphasis, and certain sections, given only broad headings, must be 
carefully organized in subdivisions. 

GENERAL ARRANGEMENT OF MATERIAL IN THE SOIL-SURVEY 
REPORT 

1. Description of the area surveyed. 
v (A) Location and extent of the area .. 

(1) General location within the State or Territory. 
(2) Distance of county seat or principal town from 

one or more important places. 
(3) Size of area in square miles. 

J (B) Physiography. 
(1) Mention of the physiographic division of the 

United States in which the area is located. 
(2) General description of the physiography and 

v (C) Relief. 
geology of the area. 

(1) Discussion of any modification of the physio­
graphic surface by natural dissection. 

(2) Sketch map of relief areas if such a sketch is of 
material assistance to the discussion. 

v' (D) Elevation. 
(1) General elevation of the area and ranges in 

elevation. 
(2) Altitude of some of the main topographic fea­

tures. 
(3) Altitude of towns or other known points. (Cite 

/,(E) authority for data.) 
\.} 1 Vegetation. . 

( 1) General but brief discussion of the vegetation, 
including especially the original and present 
forests, grasses, or shrubs. (Ordinarily there 
should be no detailed description of species 
u_nless this is important where many compara- · 
bvely uncommon plants are mentioned. The 
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common names should be used, but a glossary 
of botanical names should be given, especially 
where noncrop plants need to be discussed at 

/ length.) 
V (F) Organization and population of the county. 
·~-1) Date of settlement. t 2~ Important historical data . 

. 1 - 3 Source and distribution of the population. 
• 't ___.( 4 Nationality ofthe settlers. (To be supported by 

, census data.) _ 
V(G) County seat and prinmpal towns. 

{1) Name of county seat. 
(2) Principal towns and their relation to the agricul­

ture of the area. 
(H) Transportation, markets; and other cultural features. 

V(1) Railroads and highways and the service rendered 
· by them. 

X (2) Any service rendered by steamship lines. 

q3~ T~e disposition and marketing of farm products. 
v 4 Condition of public roads. 

5 Schools, churches, telephones, and other features 
v relating to rural culture and social life . 

./ (I) Industries. 
(1) Important nonagricultural manufacturing in­

dustries, mining, and other industries affecting 
the area should be mentioned and any relation­
ship these have to the agriculture of the area 
noted. (The plants engaged in processing 
agricultural J?roducts~ such as flour mills and 

2. Climate. 
cheese factories, are discussed under H (3).) 

V(1) General type, that is, oceanic, continental, etc. 
II' ~2) Variations among seasons. 
J 3) Distribution of rainfall during the growing season. 

- 4) Influence of physiography and bodies of water on climate 
in different parts of the area. 

v (5) Climate as a factor in the production of special crops. 
y (6) Discussion on value of the data on average dates of frost 

I ' and average frost-free periods. 
c1 (7) Discussion on value of data on average annual means for 
: precipitation. 
: (8) COnditions, favorable or unfavorable, for farm wor~ .. 
·,_: (9) Tables from Weather Bureau of. temperature, precip~ta-

'. tion, and frosts. -
~ (10) Discussion of unusual weather conditions, such as winds, 
• storms, and hail. 

3. Agricultural histor~ and statistics, 
_:__ ---(A) Early agricultural development of the area. 

- (B) Important changes that have taken place in the use of the 
land since settlement. 

(C) Census data on the agriculture of the area as far back as 
available and up to and including latest census reports. 
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(D) Present condition of agriculture. 
~.--· (1) Use of fertilizers, lime, and other amendments. 

(a) Amount and cost. 
(b) Kind of fertilizers used. 

-v(2) Labor. 
(a) Kind and availability: of labor. (Do 

not discuss the spemfic wages paid in 
different farm operations as condi­
tions change from year to year.) 

v-·(3) Size of farms. 
(a) General range in the size of farms and 

the size of the average farm. (To be 
checked by census data.) 

(.b) Any trends toward change in size of 
farms and the reasons fo:r such change. 

V (4) Tenure of farms. 
(a) Percentage of farms operated by the 

owners and by tenants. 
(b) Systems of rental, such as cash rent, 

1 
share of crop, or other. 

4. Soil-survey methods and definitions. 
(1) Description of methods used in mapping soils. 
(2) Definition of terms used in the description and classifica­

tion of soils. 
5. Soils and crops. 

t-- ( 1) General characteristics of the soils of the area. · 
v · ~2) Systems of agriculture :r,racticed. 
v' 3) Relationship between soils and agriculture. 
".· 4) Grouping of soils on the basis of capability for use. 

5) Brief description of each group. 
" ~,...- (a) Agronomic relationships .. 

{ (b) Characteristics common to soils in the group that 
_ . determine use. 

(c) The names of series in the group and the charac-
! teristics of the types of the series brought into 

this group. 
(d) Description of each type and phase of the group, 

including all the :following features, if appli­
cable. 

1. Describe each horizon as to­
v a. Color. 
V b. Texture. 

c. Structure. 
d. Consistence. 
e. Thickness. 
f. Reaction. 
g. Content of organic matter. 

V h. Stoniness. -
i. Root penetration. 
j. Salt or alkali. 

2. Important variations within the type. 
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3. Location and extent of soil. 
v a. General location of the larger areas 

and definite location of areas of 
minor types. 

V b. Estimate m square miles of areas 
--- of each type. 

v 4. Relief. 
v 5. Geologic origin of parent material. 

'l ~-6. Drainage (external and internal). 
• i 7. Native vegetation, if important. 

·.;s. Uses to which soil is put and cror. yields 
woven in with capabilities of s01l. Ap­

. proximate at:reage in different crops. 
v 9. Management of the soil. Systems of man­

agement compared with those of area 
as a whole. Susceptibility to erosion or 
deterioration from other. causes under 

9- wrong management. 
L "'10. Methods of drainage or irrigation. 

/ . • ~ 11. Water supply if related to soil type. 
v 6. Land uses and agricultural methods. 

(A) Capabilities of soils for use. · 
1"'(1) Crops, (2) native pasture, (3) forests. 

(2) Successful and improved methods of manage­
ment as demonstrated within the area. 

· (3) Results obtained by experiment on soil types or 
closely related types, including-

(a) Use of vanous fertilizers, lime, or other 
chemical treatments. 

V (b) Rotations. 
v' (c) Farm implements. 

. ,/ (d) Prevention of erosion. 
v (e) Tillage. . 

j __ (f) Drainage .. 
• ~ J (g) Varieties of plants. 

~ (h) Plant diseases, insect pests, and noxious 
weeds. 

(This discussion should be specific in respect to the 
separate soils.) 

7. Drainage, irrigation, or alkali amelioration (n?t ~lways neces~ary). 
(Indicate exact meaning of the term "alkah" m each particular 

report.) · 
8. Productivity ratings.. . . . . . . 

(Instructwns on this chapter will be supphed m each mstance.) 
9. Morphology and genesis of soils. · . 

(A) Location of the area with reference to the great so1l 
groups. 

(B) Parent materials. 
(C) Factors of environment influencing soil de,·elopment. 
(D) Description of normal regional profile and a few of the 

more important variations. . 
(E) Character of intrazonal and ezonal so1ls. 
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-
10. Summary. . . . . 

(A) Brief discussiOn of area and Its agriculture. 
(B) Uses made of soils and reason for such use. 
(C) General sta~e~ent of the c~aracter of the S~?ils. . 
(D) Brief descriptiOn of the soil groups and their relatwn to 

agriculture. 
(E) Names of the principal soils, their characteristics, and 

their influence on the agriculture. 
This outline should be followed in preparing the report; unless 

some special, individual feature of an area makes some change im­
perative in order to achieve a logical presentation of the material. 
The beginner will need to study the outline carefully, together with 
special letters of instruction, particularly in regard to the section on 
productivity ratings, in order to be thoroughly familiar with the 
form and general treatment of the subject matter and the kind of 
data which must be available to him. A careful examination of re­
cently published reports will be of great assistance. . Conformity to 
the general style of these reports, even in spelling and punctuation, 
is necessary. · 

SOURCES OF DATA 

It is evident from the outline that the information· in the report 
is of two general kinds: (1) That relating to specific mapping units 
shown on the soil map; and (2) that dealmg with the general condi­
tions within the area. It can scarcely be overemphasized that the 
major attention and effort is to be given the specific information re­
garding individual soil types and phases, their relationship to grow­
ing plants, their response to different methods of management, and 
their utilization in the farm unit. For example, it is important to 
know the kinds and quantities of fertilizers used in an area, but it is 
far ·more important to know the kinds and quantities most economi­
cal for particular crops on particular· soil types. 

The principal source of specific information is the record of ob­
servations made in the field, in the notebook and on the map. These 
data must be supplemented by those available from. farmers, experi­
mental fields, and chemical laboratories. The soil surveyor must 
be certain that he has all available data, published and unpublished, 
including any obtained by other scientists in the area or on similar 
soil types in other areas. The necessary material for preparing the 
more general discussions is usually available, in considerable part, 
in the published reports of various governmental agencies. 

FIELD DATA 

The data collected in the area, embodied in the field notes and 
outlined on the soil map, form the most important part in the re­
port and serve as a check on the accuracy of data drawn from other 
sources. The need for complete and accurate data is fully realized 
when the so!l surveyor prepares the mapping legend and especially 
when he .wntes the final report. 

AttentiOn has been called to the necessity for complete descrip­
tions of the soil profiles and the notation of all facts observed relat­
ing to t~e environment of the soil, such as vegetation, topography, 

. and dramage, as well as to other factors which determine the capa-
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bilities of the soil for use. Several detailed descriptions of every 
definite type of soil should be in the soil surveyor's notebook. It is 
highly important that estimates should be made of the present utili­
zati~n of the so~,.the proportion in cultivation, !l:r;td the yield and 
quahty of the various crops, as well as of the ability of the soil to 
produce crops not grown at present. It must be stressed that the 
!ieldmen '?btai!l and co~relate, for purpos~ of the productivity rat­
mgs, detailed mformahon as to average y1elds of crops under speci­
fied practices of management for the individual soil types. Aside 
from the difficulty of getting the farmer to correlate yields with 
soil type, there is also the need for the fieldman to evaluate the 
sources of his information. 

It cannot be emphasized too strongly that notes must be taken on 
the s_pot wherever any observation of value is made, or any facts, 
based on actual experience, are obtained from farmers or others. 
Notes should also be taken on the important variations from type 
and on unusual soil developments. The beginner must guard agamst 
the common tendency to note the unusual with a failure to describe 
precisely the more common and general conditions. The soil sur­
veyor must be ever on his guard against errors due to unconcious 
assumption gained from superficial appearances and from the liter­
ature. His notes should be of facts that he has definitely observed. 

Suggestions have been given already as to the form of the field 
notes. The size, form, and arrangement of the field notebook is a 
matter of preference. It has not been found practicable to prepare 
an outline that can be used everywhere for describing soil profiles. 
The number of horizons and other characteristics of different soils 
vary so widely that such an outline could be used for only a limited 
group of soils. Several types of notebook are available, and the soil 
surveyor should procure those best adapted to his needs. Several 
systems of abbreviated nomenclature are m use for taking notes, and, 
although no particular one is definitely recommended, where many 
notes are taken the use of a standard system is often very helpful. 

• OTHER DATA. 

The chief of party must be certain that he obtains all available 
information bearing on the nature and use of the individual soil 
types as soon as an area has been assigned to him. The reports of 
areas previously surveyed and the reports of other researches, espe­
cially those from the State experiment stations and the United States 
Department of Agriculture, in which the soils and agricultural con­
ditiOns are similar to those under observation, should be at hand as 
reference guides. Also the chief of party -may gain co~siderable 
assistance m the interi?retation and classification of the soils of the 
area from his superVISOrs and other scientists, who may be ac­
quainted with the area or similar ones. During the progress of the 
survey, th~ mapping legend and soil-type descriptions. must be re­
vised and perfected from time to time as new information and data 
are accumulated. Other members of the party. should ~ directed to 
collect and turn over to the chief of party mform!lt10n on t_hose 
parts of the area in which they work, to supplement h1s. observations. 

All available publications on the geology of .the ~gwn should be 
consulted. If these are not available at local hbrar1e~, they may be 
supplied from other sources. If the parent materials cannot be 
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identified in the field, samples should be submitted to the laboratory 
for examination. Similarly, data on the elevation of the area as a 
whole and of particular points are usually available from official 
publications. . . . 

The history of the county or area, mcludmg an account of 1ts 
settlement and agricultural development, can be obtained usually 
from the writings of some local histor~an. If p..o such ~ork is in 
existence, recourse must be had to the mformatlon supphed by old 
settlers or by residents who have had an interest in collecting such 
data. Since the recollections of truthful men often become inac­
curate after a lapse of many years, estimates and opinions from such 
sources should be checked wherever possible by the data of the 
Census Bureau and the Weather Bureau. If all these sources fail, 
the salient facts of the history and development of the area often can 
be compiled from the data given in a history of the State. 

Climatic data are furnished the fieldmen by the central office. 
The records of the Weather Bureau are tabulated for selected points 
within the area, or, if no records have been kept within the area, the 
data from the nearest stations outside with similar climatic condi­
tions are used. Where climatic conditions are not uniform over an 
entire area, as in a mountainous country, or near large bodies of 
water, it will be necessary to secure information from local sources, 
especially facts relating to the occurrence of frosts and the length 
of the growing season. 

Agricultural data along many lines can be obtained from the 
figures of the census. Tabulations of many subjects of interest are 
usually sent to the chief of the field party soon after work is started, 
but he must be certain that the latest available census data are in 
his hands. In recent years, the county agricultural agent has been 
able to furnish much reliable information on the types of farming 
in the area, the crops grown, varieties, yields, and other facts. This 
information can be interwoven with that taken more directly in the 

·field from individual farmers. All statements must be evaluated 
and a check made with data of the Census Bureau, Weather Bureau, 
and other official sources. The information given by local farmers 
may have certain limitations, as it relates to crops growing on specific 
soil types. In some places, particularly in small towns, the local 
freight agent can give valuable information on the subject of agri­
cultural products. Managers of storage warehouses and grain ele­
vators and the secretaries of cooperative agencies often know within 
very close limits the character and volume of the shipments of 
products handled by them and their competitors. 

WRITING THE REPORT 

After the writer has considered carefully the general arrangement 
of the material for the report and the style of its presentation, he is 
ready to assort and classify his notes, abstracts, tables and other 
~ata and gr~mp them under t~e proper subject headings ~s set forth 
m the outlme. Although his field notes may contain carefully 
written. descr.iptions ?f soils or features of the landscape that can be 
transcri~ed literally mto the report, the author cannot make his re­
port a disconnected assemblage of notes and tables. It is necessary 
that maps, field notes, and all supplementary data have sufficient 
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explanation and discussion in the text to bind the material into a 
harmonious unit. . 

In order. to present a. clear discussion rel;~,ting to the uses, present 
and potential, of the soils of the area, certam factors that determine 
land utilization must be considered as indicated by the outline. The 
entire field of the agricultural geography of the region must be 
covered to the extent necessary to achieve this objective. As shown 
by the outline, the first section of the report includes brief discus­
siOns of certam physical and cultural features which influence, to 
greater or less degree, the present use of the land. In discussing the 
physiography of the area, the more important relationships between 
parent geological formations and dynamic geological processes and 
the resultant surface features and distribution of land and soil types 
are brought out in nontechnical language. Technical explanations of 
geological deposits in relation to parent material are included under 
the discussion of soil genesis near the end. 

The second section is devoted to a discussion of climatic conditions, 
particularly with reference to those features which promote or limit 

·crop :production. The climate ·as a primary factor in soil develop­
ment IS treated in the section on the morphology and genesis of soils. 
The data of the Weather Bureau can be conveniently presented in 
tabular form, but interpretations and conclusions drawn from these 
tables and any peculiarities or variations in the climatic conditions 
of the area reqmre explanation in the text. 

The discussiOn of agricultural history and statistics should begin 
with an account of the types of farming practiced by the early 
settlers. The changes that have taken place in the kind of crops 
grown and in methods of cultivation should be traced briefly from 
the time of the first settlements to the present, and the causes for 
these changes should be explained. The rest of this section is mainly 
statistical, and its purpose is to present the basic facts of the agri­
culture. The kinds of crops grown, their production within the area1 
the number and value of the livestock, the kind and availability ot 
labor, the size and tenure of farms, and other features of the agri­
c,ulture are some of the items enumerated in the outline. 

The discussion of methods and definitions includes a brief, general 
statement of the purposes of the soil survey and the methods by 
which the desired results are obtained. The purpose of this ex­
planation is to give the reader the facts necessary to enable him to 
use the map and report. Technical details regarding methods beyond 
this are not included. 

The fifth section on soils and crops, is the most imJ?ortant part of 
the report and includes the principal part of the original work of 
the soil-survey party. This section IS designed to present descriptiolld 
of the soils, to explain their individual capabilities.for use, to bring 
out their relationships to one another, and to explain their response 
~o management. The crops now being grown, the distribution of 
different crops over the area, and the degree to which soils determ~ne 
this distribution should be explained. Included here are the sr,ec1fic 
yield data of crops on the individual soil types which are bas1c for 
the productivity ratings. 

After the soils have been described and their utilization has been 
discussed, the question arises whether the soils identified in the area 

911041)'-:!8--8 
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could not be utilized to better advantage. This sub]ect is treated 
under the heading, Land Uses and Agricultural Methods. The results 
obtained on similar soils by the experiment stations and by farmers 
in other areas are re{>orted. 

The section on dramage, irrigation, or alkali reclamation should be 
given especial attention in the reports of areas where these subjects 
are important. In areas where these conditions of the land are mci­
dental or of minor importance, a brief discussion of these subjects may 
be included in other parts of the report. 

The discussion and table of proauctivity ratings will be prepared 
jointly by the author and the central office, as the productivity rat­
ings reflect not only the specific productiveness of the local soil types, 
but also present comparative ratings on a national basis. The recent 
development of the concept of productivity ratings and accompany­
ing questions demand a more detailed discussion in respect to each 
local situation than falls within the scope of this manual. It can be 
reiterated, however, that the chief of the field party is responsible for 
the collection of data on crop yields and adaptations and soil-man­
agement practices of the soil units shown on the map, in order that 
he may prepare a rating of them on a county basis. 

The preparation of a report on the results of a soil survey that 
will meet the requirements of all readers is very difficult. The 
people who use these reports have a wide range of interests. The 
reports are designed to serve the needs of farmers, extension leaders, 
land appraisers, soil scientists, agronomists, and many others. In 
order to select and arrange the material of the report for the conven­
ience of two principal groups of readers, two divisions of the report 
have been made. The facts of interest and of immediate practical 
use to the farmer and those who deal directly with him have been 
placed in the front and main body of the report. The writer should 
have constantly in mind the object of this more important part of the 
report, which is to present a picture of the area with its soils and 
t~eir uses. The soil profiles should be described in some detail but 
in language as free as possible from technical expressions. Where 
the use of technical terms is unavoidable, their meaning should be 
briefly explained. 

The second, and much smaller division of the report, which bears 
the heading Morphology and Genesis of Soils, deals with the char­
acteristics and development of the soils from a more strictly sci­
entific point of view. The usual procedure in this section is to trace 
the pedological history of the soil, beginning with the physical and 
chemical properties of the parent rock and the weathermg processes 
by which the orh1;inal rock was transformed into the parent mate­
rial for soil. A knowledge of the factors of environment, such as 
climate, relief, and native vegetation, which govern the soil-forming 
processes, and the len~h of time during which these processes have 

• acted to bring the soils to their present stage of development, are 
essential if the soil scientist is to understand the morphology of the 
soils of the area. If the soil scientist is given the factors that 
govern soil formation in a p:iven area, he can predict within reason­
able limits the character of the mature normal soil that will develop, 
even over rocks of widely different composition. In instances of 
immature soils, the composition of the parent rock exerts a greater 
residual influence. 
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The soil of the area that has had impressed on it the maximum 
force of the soil-forming processes is of special interest to the soil 
scientist. One or more of the soils which best represent the re­
gional development should be described in detaiL These descrip­
tions will, in some respects, be a repetition of the more popular. 
description of the soil given earlier in the report, but the horizons 
can be described more precisely, and the chemical and biological 
relationships can be pointed out. The intrazonal soils, which have 
developed under local conditions of environment, such as excessive 
moisture, should be briefly described and their relationship to the 
zonal sml of that region should be explained. The azonal soils, 
which as a result of local conditions, have not reached maturity, 
should be briefly described, and the causes of their retarded develop­
ment should be given. Supplementary data on the physical or chem­
ical properties of the soils belong, as a rule, in this section. 

The soil-survey report ends with a brief summary in which the 
salient facts discussed in the report are enumerated. Perhaps a 
development of future reports may be a summary presentation in 
tabular form of the relationships existing between parent material, 
soil-forming processes, environmental conditions, soil characteristics, 
and productiveness. · 

COLLECTION OF SOIL SAMPLES 

During the course of the soil survey and after the mapping legend 
has been prepared in its final form, samples of the imJ?ortant types 
should be collected for purposes of correlation, mecharucal analyses, 
and pH determinations. · Frequently it is. necessary to collect 
samples for other laboratorv investigations, under special instruc­
tions. The collection of the necessary samples should not be post­
poned until the survey is completed but accomplished during the 
course of the mapping after the soil definitions are well established. 

Soon after the mapping legend has been prepared it is often 
advisable to collect samples of at least thejrincipal soils for use at 
the field headquarters. These can be place conveniently in shallow 
rectangular cardboard boxes with partitions arranged to scale ac­
cording to the thickness of horizons, thus giving a miniature soil 
profile. Such samples are especially useful where the_ parties are 
large, where beginners are in the party, or where there are several 
soils previously not identified. Monoliths of actual soil profiles are 
very useful in educational wor·k but are not nece~ssary in the_ con~uct 
of the soil survey. Several method~ most of wh1~h are modificaho~s 
of the methods used by Professo_r ulinka a!ld his coworkers, an: m 
use. A discussion of the collection and preservation of monohths 
hardly falls within the scope of this manual. Wh£'re such samples 
are required additional instructions will be furnished. . 

The greater part of the work attendant to the collection o_f ~il 
samples is the preparation of a suitable excavation an4 a descrlptw?­
of the soil profile. This has already been discussed .m some detail 
(p. 72). The sketch in figure 15 illustrates a convement metl~od of 
preparing a soil profile for sampling. 'rhe measure of detail and 
care required dep~nds on the use to which _the samples .are to be 
put. If a comr.lete examination of the chemical an~ physical prop­
erties of the sml is to be made, it is of the utmost Importance that 
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every precaution be taken to be certain that each sample is an 
accurate representation of the horizon from which it is taken, un­
contaminated by foreiiO'n matter or other soil. The soil surveyor 
should be ever mindfu of the fact that much time and expense on 

-the part of other workers in the laboratory, in the greenhouse, and 
on the field experimental plot may be nullified if he neglects to col­
lect samples in the proper way. Althou~h great precaution may 
not seem necessary for the samples not mtended for chemical or 

. physical analyses, If the sample is worth collecting, in most instances 
It is worth the trouble of doing the job with care. 

Proper samples, for chemical work especially, always should be 
taken from a fresh excavation. Except m the unusual instances of 
very recently exposed road cuts, no soil samples for any purpose other 

. than immediate field identification should be taken from road cuts. 
Samples of rock and occasionally of parent material can be taken 
from road cuts, but not soil samples. There are several reasons why 

Flounm 15.-Sketeh showing n eonvl'nient method of pl'eP.nring an exeavatlon for colll'ct­
lng soil samples. The samples should he collected, so far as possible, one directly 
above the other. 

soil samples from road cuts would be unsatisfactory. The dust, 
es:r.ecially from a graveled road, quickly contaminates the exposed 
s01l and the surface soil even if several hundred feet to the side. 
The native vegetation has usually been so disturbed along road­
beds that the soil is markedly altered, even thou(J'h the land has 
!lot ~een plowed or otherwise m~chanically disturbed: For e~ample.; 
It will be noted that the A1 horizon of a Podzol is greatly thiCkened 
under the more luxuriant mesophytic vegetation, made possible by 
the greater light intensity along the roadway as compared to con­
ditions within the forest. In the grassland areas the road and 
fence favor the accumulation of dust and other foteign matter. 

As soon as a soil profile is exposed it is altered in many ways 
rather quickly. It is exposed to more rapid and thorough desicca­
tion than previously. The alternate wetting and dryin(J' and freez­
ing and thawing of the exposed soil markedly alter "'the natural 
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stt:n<;tural evidence. Further, the ~il becomes more thoroughly 
oxidized than normally. Whereas m the natural soil the move­
ment of water by both capillary action and that due to differences 
in vapor pressure is largely in a vertical direction as soon as the 
profile is exposed movement becomes lateral and' largely in one 
direction, leaving an increased concentration of soluble salts on 
the exposed surface. Frequently soil horizons that are soft or · 
friable under natural conditions may become hard and indurated 
as the .result of exposure. 

After the profile has been exposed in a suitably located excavation 
samples are collected by taking a core or block from each horizon i~ 
such a way as to get a representative portion. Where the parent 
material has been developed in place, samples of the underlying 
rock should be obtained. Except for the margins, which should be 
avoided, care must be taken to remove the soil uniformly from the 
entire horizon and not from either the upP.er or lower part alone. 
Samples should be taken, as nearly as possible, from a vertical sec­
tion, one directly beneath the other. It is sometimes best to collect 
two or three subsamples from the upper and lower, or upper, center, 
and lower parts of thick horizons, for example, where the B1 horizon 
of a soil being sampled for careful chemical study ranges from about 
24 to 36 inches in thickness. Of course, if subhorizons are evident in 
the field they should be sampled as subhorizons and labeled sub­
horizons. But even where such horizons do not appear from the 
field exainination, supplementary samples should be taken of each 
12-inch section and labeled as subhorizons. In highly detailed 
studies of soil genesis subsamples representing only 1 or 2 inches 
of soil may be required. 

Samples may be placed in clean cloth or paper sacks, or metal, 
cardboard, or glass containers. 'Vhere the soil is to be used for 
making miniature profiles, care must be taken not to destroy the 
structure, and moist samples can be placed in solid containers and 
allowed to dry with the minimum of distortion. The samples col­
lected for the correlation files are usually placed in small clean 
cloth sacks, each carrying an identification card giving the date of 
collection, name of the surveyor, the location, the name of the soil 
type, the number of the soil horizon and its position in the profile, 
and a brief summary of the complete description. While the soil 
is moist, samples should be kept from contact with one another, or 
from anything except a clean surface. Unusually wet samples a~e 
best placed in containers and allowed to dry before being placed m 
the sacks. · 

Samples collected for chemical studies can be placed conveniently 
in heavy paper sacks such as those used for nails in retail hard ware 
stores. A clean wooden box may be taken into the field, the half­
filled sacks of soil set in the box and these lightly covered to prevent 
any contamination from the outside or from one another. The group 
of samples may then be allowed to dry in some convenient place. 
Tl~e .moist soil will slightly weaken the pap~r, but later, aftt>r the 
sml IS dry, t'ach may be removed and placed m ne~ .sacks .and care­
fully wrapped. Samples should be packed very tJ~ht.ly m stron~ 
boxes for shipment. Comparatively smallboxes wewlung less tha.n 
75 pounds when ,Packed are best, in order that tl.1e. danger of tht>lr 
wrapping becommg loose may be held to a mmm1Um. The ad-
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vantage of the paper sacks. is their lig~t weight and, coml?ared to 
cloth sacks, their greater Impen.etrabihty to dust. I£ soils vary 
greatly in hydrogen-ion concentration or content of soluble salts 
or carbonates samples placed in cloth sacks cannot be allowed to 
get in~o ?lo~e contact with one another without danger of 
contammatwn. 

Heavy cardboard contain~rs, such as those used by ret~ilers for 
ice cream, are equally as smtable as paper sacks but reqmre some­
what more space for packing. Samples used for certain physical 
studies must not be allowed to lose their moisture, and these must be 
collected in metal cans with tightly fitted covers or in glass jars. 
Owing to their weight and danger of breaking, glass jars are not 
so suitable for shipment as metal cans. 

Samples of highly organic soils, such as peat and muck, if. col­
lected when moist, as they usually are, should be placed in containers 
which can be sealed to preserve the original- moisture. For ordinary 
purposes pint fruit jars are satisfactory, i£ sealing rubbers are used. 

Unless otherwise stated it is always assumed that soil samples are 
of virgin soils. It is not always possible, however, to find good 
examples of certain soil types in the. virgin state, and samples must 
be taken of soils under cultivation or in pasture. For purposes of 
defining the soil types as to their nutrient status and especially as 
to the variations which may be expected, it is sometimes necessary 
to collect a large number of supplemental samples. Frequently it is 
unnecessary that the complete profile be sampled, but only the sur­
face soil (the plowed layer or its equivalent) and the one or two 
principal horizons underneath. For the lower part of the soil, it is 
much better to collect a sample of the principal part of the B hori­
zon than one from an arbitrarily chosen depth. Samples collected at 
arbitrary depths cannot be compared and have little i£ any useful­
ness. Time should not be devoted to their collection except under 
special instructions. 

For use in connection with the correlation of soils, samples by soil 
horizons should be taken of all soil types unless specifically directed 
otherwise. Samples of such land types as rough broken land and 
riverwash are unnecessary. Especially when new series are pro­
posed, samples of the avera~e or typical profiles of the soil types 
in the series are required. ~f there are any important variations 
within the series, as shown on the soil maps, additional sam:eles o:£ 
such variations are necessary. The characteristics of each sml type 
must be well in mind before precisely representative samples can be 
obtained. The type descriptions must conform to and be accurately 
illustrated by the samr,les for the correlation files. This is especially 
important for new soil types, even though their total area, as shown 
on the maps, be very small. 

ESTIMATION AND MAPPING OF SALTS OR ALKALI IN 
THE SOIL 

Soils having soluble salts in sufficient quantities to be toxic to 
plants are largely confined to arid and semiarid regions and to nar­
row coastal strips affected by tides in the humid rerrions. The 
amount and nature of salts in the soil will be reflegted in the 
morphology. of the soil profile but frequently not with sufficient 
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specificity as to the actual quantities which might be harmful to 
crop pl~nts. This is ~speciall~ true of young .soils d~veloped, or 
developmg1 from alluvial deposits. From the pomt of view of relief 
and other factors, these alluvial lands are frequently capable of use 
for crops if irrigated. The nature and amount of any soluble salts 
in the soil may he a matter of extreme importance in determining the 
feasibility of irrigation and the best use of such lands. 

THE NATURE OF SApNE AND ALKALI SOILS 

In much of the literature dealing with the utilization of soils con­
taining salts, especially the American literature, there is some confu­
sion regarding terminology. The confusion is primarily with the 
common names, such as "saline soils", "alkali soils"1 and "alkaline 
soils" and not with the names of the recogni?.:ed morphological types. 

There are recognized three intrazonal soil groups associated largely 
. with the Pedocals: Solonchak, Solonetz, and Soloth, in the supposed 

order of their genesis, one after the other, and in the decreasing 
order of their content of total soluble salts. Within each group 
there is considerable variation and there are many transitional soils, 
such as the very common solodized-Solonetz. Although certain 
useful generalizations may be made regarding the chemistry of each 
of these groups, their identification is primarily a matter of soil 
morphology, and both the reaction and salt content may vary 
considerably. · 

The Solonchak typically is friable and massive (structureless) or 
has a crumb structure with no well-developed v.risiDS; is light in color, 
~enerally high in soluble salts, and ordinarily not extremely high 
m pH value although occasionally it is so, especially as this soil 
approaches the Solonetz. The Solonetz typically has a dark-brown 
or black B horizon and a hard yrismatic or columnar structure; it 
usually has a relatively low tota salt content but a high pH value1 
although not necessarily so, especially as the soil becomes solodized 
(the solodized-Solonetz) and approaches the Soloth. The Solot~ 
has neither a high salt content nor a high pH value. These soil 
groups are defined on the basis of soil morphology, and the group 
nam~ are used in referen~ to soil mprphology, genesis, a~d ~lasst­
ficatwn, although they will need to be modified for specificity to 
"sodium interior Solonchak", "slightly solonized Solonchak", "solo-
dized-Solonetz" and similar expressions. . . . 

These teriDS however, are not in common use m agrononuc h~r­
ature in the tlnited States, but other teriDS, generally less specific 
as to mor_phology, are frequently used. These include the expres­
sions ''salme" "alkali" and "alkaline" used alone or as modifiers 
of soil. Thek words' are borrowed from chemistry and are, of 
course subject to precise definition. . They have had other me!ln­
ings at~ached to the~, however, in agricultural l~terature deahn~ 
with this group of soils. Unfortunately, the meamngs are not u.m­
form in the various parts of the country. For example, an "alkalme 
soil" in many places refers to any soil having a p~ valu.e greatt>r 
than 7 · in other places it refers particularly to a so~l havmg a pH 

· betwee~ 7 and 8.5 and again it is sometimes used m referenee to 
soils over pH 8.5.' Obviously the expression ~annot have all. throo 
meanings. In the practical diseussion of sotls and crops m the 
soil-survey report, great care nm~t be taken to define these words. 
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Where a certain local usage is very much e~trenched, the terl? ~ay 
be used in its local sense, even though that IS not the best scientific 
usaO'e but the word should always be enclosed in quotation marks 
to i~dicate it has a special meaning. In the technical discussions the 
more accurate terms can be used. 

·wherever pr~cticable the terms. should ~e use~ wi.th their a~cepted 
chemical meamngs. The expressiOn "salme soils" IS approximately 
equivalent to Sol~nchak (with a pH value less than 8:5) and may 
be considered as Its common name. The term "alkah" should be 
restricted to such compounds as sodium carbonate and the expres­
sion "alkali soil", where used without a localized definition, restricted 
to soils with pH values over 8.5. The term "alkaline" should be 
used in its chemical sense in reference to any reaction greater than 
pH 7. The expression "alkaline soil" should be restricted to soils 
not excessively salty and not charged with alkali (over pH 7 but 
less than pH 8.5). Where local usage is contrary to these defini­
tions and the expressions are used in other senses, they should be 
set off with quotation marks and clearly defined. 

In some localities both saline and alkali soils are included under 
the expression "alkali soil." Occasionally this is modified to "white­
alkali soil", roughly equivalent· to Solonchak and saline soil, and 
to "black-alkali soil" roughly equivalent to alkali soil and only very 
roughly equivalent to Solonetz. ·(but not to solodized-Solonetz). 
'Vhere the expression "alkali soil'' includes both general groups of 
soils, it· becomes almost hopelessly broad, as there are important 
pedological and agronomic differences between the two. Occasion­
ally the term "alkaline soil" is also used in reference to soils con~ 
taining alkali. Ordinarily this term is not necessary at all, except 
in reference to the actual reaction. Calcareous soils, that is, those 
containing enough of the carbonates of the alkaline earth metals to 
maintain a mildly alkaline reaction, may be referred to as calcareous 
rather than alkaline. 

The common salts that may accumulate in soils are of two generaL 
kinds: (1) Salts that are normally neutral in chemical reaction, 
predominantly the chlorides and sulphates of sodium and magnesium, 
with which may be associated the less common and less injurious 
chlorides of calcium and potassium and other salts of rare or infre­
quent occurrence. These neutra~ salts are sometimes known locally 
as "white alkali." Soils impregnated with such salts are saline soils 
or Solonchak and frequently have white incrustations. (2) The 
carbonate of sodium with minor associated carbonates which are 
chemically marked by being highly alkaline in reaction. Soils im­
pregnated with such salts are alkali soils and because of the dark color 
Imparted to the soil in the presence of moisture and organic matter 
they are sometimes known as "black-alkali" soils . 

. While both the ~eutral and. alkaline. salts are frequently inter­
mmgled and sometimes collectively designated as "alkali", use of 
the more exact and chemically correct terms of saline and alkali is 
necessary for clarity. 

Salts may be localized in the surface soil or in some horizon 
beneath the surface soil, or more or less uniformly distributed 
through the soil profile, depending on soil texture, irrigation, drain­
age, and soil-moisture relationshiJ?S· Accumulation of salts toxic to 
plants is indicated by a yellowmg and unthrifty appearance of 
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crops, development of surface crusts and mulch, occurrence of slick 
and barren spots, or by the growth of salt-tolerant grasses and other 
plants. 

THE ELECTROLYTIC BRIDGE AND ITS USE" 

Quantitative determinations of the approximate salt content of 
soils in the. field are m3;d~ by use of th_e electr~lyti~ bridge (fig. 16). 
The electncal conductivity of salts m solutwn IS determined by 
measuring the electrical resistance of a prepared sample of soil 
inserted in the electrical circuit. Results are expressed in terms of 
percentage of total salts in th air-dry soil, readily com·ertible into 
terms of parts per 100,000 if dPsire<l. 

FJGCJUI 16.-Portable eiPctrolytic bridge, with box open and cup in ph•c•• ready for USt.'. 
Ou tbe side are tibowu tbe mixing cup, spatula, aut! tbermouwter . 

Electrical resistance is affected not only by the salt concent'-:ation 
but by the percentage of ionization of the sa.lts and by the m01~ture 
content and temperature of the sample tested. In. field opera_twns, 
corrections are made for temperature and compensatwns for mo1sture 
content. The approximate salt content is determined from a curve or 
table representin ... avera ... e conditions in chemical character and rel:l-

. . b b 
t1ve proportions of the salts over wide areas. . 

Samples for salt determination must be taken carefully m selected 
locations. Some of these should be chosen to represent the salt con­
tent in places of maximum concentration and others to n:pre~ent the 
lower· or gradational degrees of accumulation. To obtam dnta for 
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constructing a special map showing the distribution of salts and 
alkali, samples should represent average conditions of salt accumula­
tion over areas of such extent and uniformity of character that they 
may be differentiated on the map. Samples of maximum salt accu­
mulation ori the immediate surface, including crusts and efflorescence, 
or localized in any horizon of the soil profile may be taken for special 
study. As a basis for mapping, samples of soils with weakly devel­
oped profiles are usually taken by 1-foot sections to a depth of 6 feet 
unless prohibited by impenetrable bedrock, hardpan, boulders, gravel, 
quicksand, or ground water. Samples of soils with well-developed 
profiles are taken by horizons. Samples are preferably taken with a 
spade, but the lower part of the. soil may be sampled with an auger 
where the use of a spade is impracticable. Care must be taken to 
avoid contamination, especially where the auger is used. 

Determinations of salt content may be made in the field at the 
time the samples are taken, or later in a laboratory or other conven­
ient place where water is available for washing equipment. Fre­
quently field testing is preferable, as the salt content of the soil is 
determined immediately and can be correlated on the spot with vege­
tation, drainage, relief, appearance. of the soil, and any other factors 
which may be related. By this practice the surveyor can quickly 
form a sound basis for estimating the salt content of soil types and 
can draw boundaries of salt-affected areas with comparatively great 
accuracy. Where tests are made in the field, samples may be mixed 
on small squares of oilcloth and placed immediately in mixing cups nr 
glasses. A bottle of distilled water for saturating the soil to be 
tested and a large can of water for washing equipment must be 
carried. 

In some areas it is preferable to take the samples in cloth or paper 
sacks, carefully labeled; and make the tests at a convenient time. 
Where this system is used the surveyor may find it necessary to return 
to the field after the tests are made and visit the places where the 
samples .were taken. Boundaries of salt or alkali phases can then be 
drawn on the basis of the test results and related facts. Difficulty 
may be experienced in mixing dried-out samples of heavy clays which 
are very tough and absorb water slowly. 
. Pebbles, fragments of roots, and other foreign material are . 
removed from the sample before the determination is made, and a 
portion of the soil is placed in a convenient mixing cup. Distilled 
water is added slowly while the soil is mixed carefully with a spatula, 
until a condition of saturatiori is reached. The hard-rubber cup or 
electrolytic cell is filled with the saturated soil. The cell should be 
tapped gently to exclude air bubbles. The top is struck off with a 
spatula, leaving the surface smooth and the cell evenly filled. The 
ce~l is sli~ped into the electrical contacts, the circuit closed, and the 
bridge pomter turned back and forth, throwing into the circuit the 
10-, 100-, or 1,000-ohm coils, as needed, until the buzzing in the tele­
p~one is reduc~d to a m~ni~um. The product of the. resistance of the 
?Oil and the bndg_e ~eadmg IS the resistance of the soil. For example, 
If the 109-~hm coil IS used and the scale reading is 1.25, the resistance 
of the smlis 125. If the extra 100-ohm test coil is used 100 ohms is 
subtracted from the resistance obtained. The observ~d resistance 
J?USt be corrected to a uniform temperature basis. The temperature 
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of the saturated soil in the cell must be determined at once by placing 
the thermometer in the cell and recording the temperature as soon 
as the mercury column has reached a stable position. Electrical 
resistance of irrigation, drainage, or other waters mar. be· determined 
by substituting the water sample for the saturated s01l. 

INTERPRETATION OF BRIDGE READINGS 

Resistance and temperature readings, soil texture, and field notes 
are recorded most conveniently in the special notebook arranged for 
this purpose. Resistance readings must be corrected to uniform 
temperature of 60° F. For this purpose table 2, taken from Bureau 
of Soils Bulletin 61, is used. 

TABLE 2.-Reduction of the electrical resistance of Boils to a uniform temperature 
· of60° F. - · 

DegTeeS, 
Resistance when indicated resistance is--, 

Fshren- -heit 1,0011' 2,0011 3,0011 4,0011 6,0011 6,0011 7,0011 8,0011 9,0011 

---------------
OhmB Ohm~ Ohm~ Ohm1 Ohm1 Ohm• Ohm1 Oh1llll OhmB 32 _________ 

625 1,250 1,875 2,500 3,1~ s. 750 4, 375 6,0011 6,625 32.5 _______ 632 1,264 1,896 2,628 3,150 3, 792 4,424 5,056 5,688 33 _________ 
639 1, 278 1,1117 2,556 3,196 3,834 4,473 6,112 6, 751 

33.6------- 646 1,292 1, 938 2, 584 3,230 3,876 4,622 6,168 6,814 
34--------- 653 1,306 1,11511 2,612 3,265 3,1118 4,571 6,224 5,sn au _______ 

660 1,320 1,1180 2,640 3,300 3,960 4,620 6,280 6,940 as _________ 
667 1,334 2, 001 2,668 3,335 4,002 4,669 6,336 6,003 

35.6------- 674 1,348 2,022 2,696 3,370 4,0« 4, 718 6, 392 6,066 
36--------- 681 1,362 2,043 2, 724 3,405 4,086 4, 767 6,448 6,129 
36.6 _______ 688 1,376 2,064 2, 752 3,440 4,128 4,816 5,504 6,192 
37--------- 695 1,390 2,085 2, 780 3,475 4,170 4, 865 6,000 6,255 
37.5 _______ 702 1,404 2,106 2,808 3,510 4, 212 4,914 6,616 6,318 
38--------- 709 1,418 2,127 2.836 3,645 4,264 .4,963 5,672 6,381 38.5 _______ 716 1,432 2,148 2,864 3,580 4,296 5,012 5, 728 6,4« 39 _________ 

722 1,444 2,166 2,888 3,610 4,332 5,064 5, 776 6,498 39.6 _______ 
7:a9 1,458 2,187 2,1116 3,645 4,374 5,103 5,832 6,561 

40--------- 736 1,472 2,208 2,1144 3,680 4,416 5,152 6,888 6,634 
40.5 _______ 743 1,486 2,229 2, 972 3, 715 4,458 5,201 5,944 6,687 

"--------- 750 1,500 2,250 3,000 3, 750 4,500 5,250 6,000 6, 750 41.5 _______ 757 1,514 2, 271 3,0'.!8 3, 785 4, 542 li, 299 6,056 6,813 
42--------- 763 1,526 :t 289 3,052 3,816 4,&78 5,341 6,104 6,867 
42.5 _______ 770 1, 640 2,310 3,080 3,850 4,620 5, 390 6,160 6,930 
43--------- 776 1,552 2,328 3,104 3,880 4,656 5,432 6,208 6,984 
43.5 _______ 

782 1,&64 2,346 3,128 3,910 4,692 6, 474 6,256 7,038 

«--------- 788 1,676 2, 364 3,152 3,940 4, 728 5,516 6,304 7,092 
44.5 _______ 7114 1,688 2,382 3,176 3,1170 4, 764 5,568 6,352 7,146 
45--------- 800 1,600 2,400 3,200 4,000 4,600 5,600 6,400 7,200 45.6 _______ 

807 1,614 2,421 3,228 4,035 4, 842 6,649 6,456 7, 263 
46--------- 814 1,628 2, 442 s. 256 t,070 4,884 6,698 6, 512 7,326 

46.6 •• ----- 821 1,642 2,463 3,284 4, 105 4,926 5, 747 6,568 7,389 
47--------- 828 1,656 2,484 3,312 4,140 4,968 5, 796 6,624 7,452 
47.6 _______ 835 1,670 2,505 3,340 4,175 6,010 5,845 6,680 7,515 

48--------- 842 1,684 2, 526 3,368 4,210 6,052 5,884 6, 736 7,578 
48.6 _______ 

849 1,6118 2,547 3,396 4,245 5,094 6,933 6, 7112 7,641 
49. ________ 

856 1, 712 2,&68 3,424 4,280 6,136 6,1192 6,848 7, 704 
49.5 _______ 862 1, 724 2,586 3,448 4, 310 6,172 6,034 6,896 7, 758 50 _________ 

668 1, 736 2,604 3,472 4,340 6, 208 6,076 6, 944 7,812 
6Q.6 ____ : __ 

875 1, 750 2,625 3,500 4, 375 6,250 6,125 7,0011 7,875 
61. •••••••. 881 1, 762 2,643 8,524 4,405 5, 286 6, 167 7,048 7, 9".19 
61.6 .•••••• 887 1, 774 2, 661 3,548 4, 435 6,1122 6,209 7,096 7,983 

62--------- 893 1, 786 2, 679 3,672 4,465 6,358 6,2Sl 7,1« 8, 037 
52.6 _______ 

900 1,800 2,700 3,600 4,500 6,400 6,.300 7,200 8, 100 
53 _________ 

1106 1,812 2, 718 3,624 4, 530 6,436 6,342 7,248 8,164 
63.5. ______ 912 1,824 2,736 3,648 4,560 6, 472 6,384 7, 296 8,208 

64--------- 919 1,838 2, 757 3,676 4, 695 6, 614 6,433 7,352 8, 271 
64.5 _______ 

1126 1,852 2, 778 3, 704 4,630 5,556 6,4N2 7,408 8, 334 66 _________ 
933 1,866 2, 7119 3, 732 4,665 6, 698 6, 531 7,464 8, 897 

56.5 _______ 
940 1,880 2,820 a. 760 4, 700 6,640 6,5!j() 7,520 8,4ti0 

66--------- 1147 1,894 2, 841 3, 780 4, 735 6,61l2 6,6:19 7,5;6 8,523 
66.6 .• _____ 

1164 1,1108 2,862 8,816 4, 770 6, 724 6,678 7,632 8, WI 

67--------- ~~ 1,922 2,!11!3 3,844 4.806 6, 766 6, 727 7,6!!8 8,649 

67 .6 .• ----- 1,936 2,1104 3,872 4,839 6,807 6, 775 7,743 8, 7ll 

11!1.. ••••••• 974 1, 948 2,1122 3,896 4,870 6,844 6, 818 7, 792 8, 766 
58.6 _______ 

1181 1,962 2. 943 3,924 4,905 5,8~6 6,867 7,848 8.8~'11 59 ________ 
1187 1,1174 2, 962 8,949 4,936 6, 923 6, 910 • 7,898 8,lii!S 

69.6 _______ 
1194 1, 9!!8 2,111!2 8,976 4, 971 6. 965 6,959 7,9.'>3 8, 947 

6Q _________ 
1,000 2,000 a.ooo f,OOII 6,0011 8,000 7,000 8,000 11,000 
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TABLE 2.-Reduction of the eZectricaZ resistance of soils, etc.-Continued. 

Resistance when indicated resistance Is-
Degrees, 
Fahren-

beit 1,000 2,000 3,000 4,000 5,000 6,000 7,oo0 8,000 9,000 
' ---------------- ---- -------- ---- --~-

Oh1118 Oh1118 Ohms Ohms Ohms Oh1118 Ohms Ohms Ohms 
60.5. ______ 1,006 2,012 3,018 4,024 5.030 6,036 7,042 8,048 9,054 
61. .. ______ 1,013 2,026 3,039 4,052 5,065 6,078 7,091 8,104 9,117 
61.5 _______ 1,020 2,040 3,060 4,080 5,100 6,120 7,140 8,160 9,180 
62 _________ 1,027 2,054 ~. 081 4,108 5,135 6,162 7,189 8,216 9, 243 
62.5. ______ 1,033 2,066 3,099 4,132 5,165 6,198 7, 231 8, 264 9,297 63 _________ 1,040 2,080 3,120 4,160 5, 200 6, 240 7,280 8,320 9, 360 
63.5 _______ 1,047 2,094 3,141 4,188 5,235 6, 282 7,329 8,376 9,423 64 _________ 1,054 2,108 3,162 4, 216 5,270 6,324 7,378 8,432 9,486 
f\4.5 _______ 1, 061 2,122 3,183 4, 244 5,305 6,366 7,427 8, 4I'S 9, 549 65 _________ 1,068 2,136 3,204 4,272 5,340 6,408 7,476 8,544 9,612 
65.5. ____ ·- 1,075 2,150 3, 225 4,300 5,375 6,450 7,525 8,600 9, 675 66 _________ 1,082 2,164 3, 246 4,328 5,410 6,492 7,574 8,656 9, 738 
66.5 _______ 1,089 2,178 3, 267 4,356 5,44.1 6, 534 7,623 8, 712 9,801 
61--------- 1,096 2,192 3,288 4,384 5,480 6, 576 7,672 8, 768 9,864 
67.5 _______ 1,103 2, 206 3, 309 4,412 5,515 6,618 7, 721 8,824 9,927 
68 ..• ______ 1,110 2,220 3,330 4,440 5, 550 6,660 7, 770 8,880 9,990 
68.5. ______ 1,117 2, 234 3,351 4,468 5, 585 6, 702 7,819 8,936 10,053 69 _________ 1,125 2, 250 3, 375 4,500 5,625 6, 750 7,875 9,000 10,125 
69.5 _______ 1,133 2,266 3,399 4, 532 5,665 6, 798 7,931 9,064 10,197 70 _________ 1,140 2,280 3,420 4,560 5, 700 6,840 7,980 9,120 10,260 
70.5 _______ 1,147 2, 294 3,441 4,588 5, 735 6,882 8,029 9,176 10,323 71. ________ 1,155 2, 310 3,465 4,620 5, 775 6,930 8,085 9,240 10,395 71.5 _______ 1,162 2,324 3,486 4,648 5,810 6, 972 8,134 9,296 10,458 72 _________ 1,170 2,340 3,510 4,680 5,850 7,028 8,190 9,360 10,530 72.5 _______ 1,177 2,354 3,531 4, 708 5,885 7,062 8,239 9,416 10,593 73 _________ 1,185 2,370 3,555 4, 740 5, 925 7,110 8, 295 9,480 10,665 73.5. ______ 1,193 2,3R6 3, 579 4, 772 5, 965 7,158 8,351 9, 544 10,737 74 _________ 1, 201 2,402 3,603 4,804 6,005 7,206 8,407 9.608 10,809 74.5 _______ 1, 208 2,416 3, 624 4,832 6, 040 7,248 8,456 9,664 10,872 75 _________ 1, 215 2,430 3,645 4,860 6,075 7,290 8,505 9, 720 10,935 
7fi.5 _______ 1, 222 2,444 3,666 4,888 6,110 7, 332 8, 554 9, 776 10,998 
76 _________ 1, 230 2,460 3,690 4, 920 6,150 7,380 8,610 9,840 11,070 76.5 _______ 1, 238 2,476 3, 714 4, 952 6,190 7,428 8,666 9,904 11,142 77 _________ 1, 246 2,492 3, 738 4, 984 6,230 7,476 8, 722 9,968 11,214 77.5 _______ 1,254 2,508 3, 762 5,016 6,270 7, 524 8, 778 10,032 11,286 78 _________ 1,262 2, 524 3, 786 5,048 6,310 7, 572 8,834 10,096 11,358 78.5 _______ 1,270 2,540 3,810 5,080 6,350 7,620 8,890 10,160 11,430 
79--------- 1, 278 2, 556 3,834 5,112 6, 390 7,668 8, 946 10,224 11,502 79.5 _______ 1, 286 2,572 3,858 5,144 6,430 7, 716 9,002 10,288 11,574 so _________ 1, 294 2,588 3,882 5,176 6,470 7, 754 9, 058 10, 352 11,646 80.5 _______ 1,302 2,604 3,906 5, 208 6, 510 7,812 9,114 10,416 11,718 81. .. ______ 1,310 2,620 3, 930 5, 240 6, 550 7,860 9,170 10,480 11,790 81.5 _______ 1,318 2,636 3,9.54 5, 272 6,590 7,908 9,226 10,544 11,862 82__ _______ 1,327 2, 654 3, 981 5,308 6, 635 7, 962 9,289 10,616 11,943 82.5 _______ 1,335 2,670 4,005 5,340 6,675 8,010 9, 345 10,880 12,015 
83--------- 1,343 2,.686 4,029 5,372 6, 715 8,058 9,401 10,744 12,087 83.5 _______ 1, 351 2, 702 4,053 5,404 6, 755 8,106 9,457 10,808 12,159 
84--------- 1, 359 2, 718 4,077 5,436 6, 795 8,154 9, 513 10,872 12, 231 84.5 _______ 1, 367 2, 734 4,101 5,468 6,835 8,202 9,569 10,936 12,303 85 _________ 1, 376 2, 752 4,128 5, 504 6,880 8, 256 9,632 11,008 12,384 85.5 _______ 1, 385 2, 770 4,155 5, 540 6,925 8,310 9, 695 11,080 12,465 86 _________ 1, 393 2, 786 4,179 5,572 6, 965 8, 358 9, 751 11, 144 12,537 
86.5. ______ 1, 401 2,802 4,203 5,604 7,005 8,406 9,807 11,208 12,609 87.. _______ 1,409 2,818 4,227 5,636 7,045 8,454 9,863 11,272 12,681 87.5 _______ 1,418 2,836 4,254 5,672 7,090 8,508 9,931 11,344 12,762 
88--------- 1, 427 2,854 4,281 5, 708 7,135 8, 562 9, 989 11,416 12,843 88.5 _______ 1, 435 2,870 -4,305 5, 740 7,175 8,610 10,040 11,480 12,915 89 _________ 1,443 2,886 4,329 5, 772 7,215 8,658 10,091 11,544 12,987 89.5 _______ 1, 451" 2,902 4,353 5, 804 7, 255 8, 706 10,157 11,608 13,059 90 _________ 1,460 2,920 4,380 5, 840 7,300 8, 760 10,220 11,680 13, 140 90.5 _______ 1,488 2, 936 4,404 5,872 7,340 8,808 10,276 11,744 13,212 91. .. ______ 1,477 2,954 4, 431 5,908 7,385 8, 862 10,339 11,816 13,293 91.5. ______ 1,486 2, 972 4,458 5, 944 7,430 8,916 10,402 11,888 13,374 92__ _______ 1,495 2,990 4, 485 5,980 7,475 8, 970 10,465 11,960 13,455 92.5 _______ 1,504 3,008 4,512 6,016 7, 520 9,024 10,528 12,032 13,536 93 _________ 1,513 3,026 4,539 6,052 7,565 9, 078 10,591 12, 104 13,617 93.5 _______ 1,522 3,044 4,566 6,088 7,610 9,132 10,654 12, 176 13,698 9L _______ 1, 531 3,062 4, 593 6,124 7,655 9,186 10,717 12,248 13,779 94.5 _______ 1, 540 3,080 4,620 6,160 7, 700 9,240 10,780 12,320 13,860 95 .. _______ 1,549 3,098 4,647 6,196 7, 745 9,294 10,843 12,392 13,941 95.5. ______ 1, 559 3,118 4,677 6, 236 7, 795 9,354 10,913 12,472 14,031 96 _________ 1,569 3,138 4, 707 6, 276 7,845 9,414 10,983 12,552 14,121 96.5. ______ 1,579 3,158 4, 737 6, 316 7,895 9,474 11,053 12,632 14, 211 97 _________ 1,589 3,178 4, 767 6, 356 7,945 9.1\34 11,123 12,712 14, 301 97.5 _______ 1, 599 3,198 4, 797 6, 396 7,995 9~ 594 11, 193 12,792 14, 391 98 _________ 1,609 3, 218 4,827 6,436 8, 045 9,654 11, 263 12,872 14,481 98.5 _______ 1,619 3, 238 4,857 6, 476 8, 095 9, 714 II, 333 12,952 14,571 99 _________ 

1,629 3, 258 4,887 6,516 8,145 9, 774 11,403 13,032 14,661 
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As an example, suppose the resistance at 78° F. to be 1,439 ohms. 
A resistance of 1,000 ohms at 78° is shown in the table as having a 
value at 60° of 1,262 ohms, one. of 400 ohms (one-tenth of 4,000 
ohms) an equivalent value of 505 ohms, one of 30 ohms (one one­
hundredth of 3,000 ohms) a value of 38 ohms, and one of 9 ohms 
is equivalent to 10 ohms. The sum of these corrected values is 1,815 
ohms, the corrected value for 60° as shown below. 

ReBiBt4JWe at 78" 'fl'. 
1,000 

400 
30 

9 

Resilltance at 60" 'fl'. 
1,262 

505 
38 
10 

1,439 1,815 

Variations in soil texture and in the quantities of water required 
for saturation of the sample must be taken into consideration. Table 
3 may be used for determining the apJ?roximate content of salts 
in soils of different textures, which contam predominantly chlorides 
and sulphates and little or no carbonates. The figures represent parts 
per 100,000, eguivalent to 1,000 times the percentage, of total salts in 
the air-dry soil. · 

TABLE 8.-Approa:imate amount of salta in aoila containing predomittantly 
Blllphatea attd chlorides with given reai.~tatt,cea 

I 
Resistance at Sand Loam Clay Clay Resistance at Sand Loam Clay Clay 60° F. loam 60° F. loam 

-- ----
Parte Parte Part• Parte Parta Part1 Parte Partt 
per per per per per per per ,., 

100,000 100,000 100,000 100,000 100,000 100,000 100,000 100,000 
18 ohms .••••••• _ 3,000 3,000 ............... 95 ohms ••••••••. 350 370 390 420 
19 ohms .••••..•. 2,400 2,640 ··a~ooo- -··a;ooo· 100 ohms •• ----- 330 350 370 390 
20 ohms .••••.••. 2,200 2,420 2,800 105 ohms .••••.•. 310 330 350 370 
25 ohms ..••••••• 1,500 1, 700 1,940 2,200 110 ohms ________ 300 320 330 350 
30 ohms •..•••••. 1,240 1,340 1,460 1,580 115 ohms .••••••. 280 290 310 330 
35 ohms .••• : •••. 1,040 1,140 1,220 1,320 120 ohms •••••••• 270 230 290 320 
40 ohms .•••• _ •. 860 940 1,040 1,140 125 ohms •••••• __ 250 260 280 300 
45 ohms .•• ·----- 750 780 880 980 130 ohms ________ 240 250 260 280 
50 ohms ..••••••. 670 710 770 860 135 ohms ________ 230 240 250 270 55 ohms _________ 

600 640 690 770 140 ohms ________ 220 230 240 260 
60 ohms ••.•.•.• _ 550 580 630 700 145 ohms .•.•.••• 210 220 230 250 
65 ohms _________ 

510 640 570 630 150 ohms .••..... 210 210 220 240 
70 ohms _________ 460 500 530 590 155 ohms ________ 200 210 210 230 
75 ohms .••..•.•• 450 470 500 550 160 ohms ________ 200 200 210 220 
80 ohms _________ 

420 440 470 510 165 ohms _ ·--·-- 190 200 200 210 
85 ohms _________ 390 420 440 480 170ohms-----·-- 190 100 200 200 
90 ohms ••••••••. 370 300 410 450 

'Vhen carbonates are present in more than small a~o~nts ~he 
percentages of total salts for given resistances are matertally m­
creased. In pure carbonate solutions the increase in salt content at 
certain resistances, temperatures, and soil textures is nearly 100 per­
cent. Comparable conditions are rarely met in the -field, an.d t!lble 3 
ordinarily will give reliable results. 'Vhere carbonates are mdtcated 
or suspected they should be checked by phenolphthalein indica~r or 
other colorimetric tests and the reaction recorded. The appronmate 
salt content of soils containing carbonates is given in table 4. 
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TABLE 4.-ApproaJimate amount of salts in soils containing carbonq.tes with given 
resistances 

·Resistance at Sand Loam Clay Clay 
60° F. . loam 

----
Parts Parts Parts Parts 
per per per per 

100,()()() 100,()()() 100,()()() 100,()()() 
24 ohms _________ 3,000 

--3~000- -~-------25 ohms _________ 2.900 --3~000-
3u ohms _________ 2, 100 2,220 2,220 3,000 
35 ohms _________ 1,640 1,910 1, 910 2, 550 
40 ohms _________ 1,420 1, 720 1, 740 2,280 
45 ohms _________ 1,240 1, 540 1,560 2,050 
50 ohms _________ 1,300 1,400 1,420 1,870 
55 ohms _________ 1,000 1, 270 1,290 1, 720 
60 ohms _________ 870 1, 160 1,180 1,600 
65 ohms _________ 800 1, 060 1,080 1,480 
70 ohms _________ 740 980 1,000 1,380 
75 ohms _________ 680 920 950 1,290 
80 ohms _________ 640 860 900 1, 220 
85 ohms _________ 590 810 860 1,140 
90 ohms _________ 560 770 820 1,080 
95 ohms _________ 540 730 790 1,010 
100 ohms ________ 510 690 750 970 
105 ohms ________ 4~0 650 720 910 
110 ohms ________ 470 630 690 870 
115 ohms ________ 450 600 660 830 
120 ohms ________ 430 570 640 790 125 ohms ________ 420 550 610 750 

Resistance at Sand Loam 60° F • 

--
Parts Parts 
per per 

100,()()() 100,()()() 
130 ohms ________ 410 530 
135 ohms ________ 390 510 
140 ohms ________ 380 490 
145 ohms ________ 370 470 
150 ohms ________ 360 450 
155 ohms ________ 35Q 440 
160 ohms ________ 340 430 
165 ohms ________ 330 410 
170 ohms ________ 320 400 
175 ohms _____ c __ ' 310 390 
180 ohms ________ 310 380 
185 ohms ________ 300 370 
190 ohms ________ 300 360 
195 ohms ________ 290 350 200 ohms ________ 20 340 
210 ohms ________ 260 320 
220 ohms ________ 240 310 
240 ohms ________ 210 280 
260 ohms ________ 190 260 
300 ohms __ "----- -------- 220 
340 ohms ________ -------- 180 
380 ohms ________ 

--------~--------

Clay 
loam 

--
Parts 
per 

100,()()() 
590 
570 
550 
530 
510 
500 
490 
470 
460 
450 
440 
430 
420 
410 
400 
380 
370 
340 
320 
280 
230 
200 

Clay 

--
Part• 

per 
100,()()() 

720 
690 
660 
630 
610 
590 
560 
540 
520 
510 
490 
47 0 

0 
0 
0 
0 

60 

46 
45 
43 
39 
3 
33 
31 
29 
24 

0 
0 
0 
0 

200 

. In the earlier work of the Bureau of Soils a standardization curve 
and table were constructed :for each area in the field, based on 
resistance readings of solutions of known concentration and successive 
dilutions prepared from reprEsentative crusts and samples of con­
centrated salts of the area to be surveyed. Chemical character as 
well as the concentration of salts, however, often varies widely from 
time to time in local areas, rlepending on fluctuating ground water 
and cultural and climatic conditions. Facilities fer performing 
accurate standardization in the field are usually unfavorable, and it 
is now believed that more generally reliable results can be obtained 
from tables 3 and 4 based on careful laboratory manipulation. Should 
a standardization curve appear essential to _represent unusual local 
conditions of salt accumulation, 10 or 12 crusts of strong salt concen­
trations :from representative localities should · be collected. It is 
recommended these be :forwarded immediately to the laboratories 
where standardizations may be made. This may, however, be per­
formed in the field in accordance with instructions given in Bureau 
of Soils Bulletin 61 ( 5) . 

Salt content in solutions or waters is determined in the same man­
ner as in the saturated soil, using table 5, reproduced from that 
bulletin for interpolation and interpretation of resistance in terms 
of salt content. 
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TABLB 5.-.Approzimate total Balt content of water of given reBiBtanceB at 60" P. 

Resistance60" F. ~~= 
Car-
~t!;" Resistance60" F. ~i~ 

Pam 
per 

Pam per IIJO,IXJO 
30 ohms......... 750 

IIJO,IXJO 
140 ohms....... 141 

35 ohms......... 670 150 ohms....... 132 
40 ohms......... 595 160 ohms....... 124 
45 ohms......... 525 170 ohms....... 116 
60 ohms......... 460 460 180 ohms....... 109 
55 ohms......... 400 425 100 ohms....... 102 
60 ohms......... 355 395 200 ohms....... 96 
65 ohms......... 305 375 210ohms....... 91 
70 ohms......... 265 355 220 ohms....... 87 
75ohms..... •• 230 335 230 ohms....... 83 
80ohms......... 213 320 240 ohms....... 79 
85 ohms......... 203 306 250 ohms....... 76 
OOohms......... 195 294 260ohms....... 71 
95 ohms......... 188 284 270 ohms....... 68 
100 ohms........ 181 262 280 ohms.. .• • • 65 
110 ohms........ 170 250 290 ohms....... 62 
120 ohms........ 160 231 300 ohms....... 59 
130 ohms........ 150 213 320 ohms....... 54 

Car­
bon­
ates 

Pam 
per 

liJO,IXJO 
200 
187 
176 
165 
154 
144 
138 
130 
122 
116 
no 
105 
100 
95 
90 
86 
83 
77 

Resistance60" F. ~~ 
Car­
bon­
ates 

Part. Pam 
per 

IIJO,IXJO 
340ohms •• ~----- 50 
360 ohms........ 47 
380ohms........ 44 
400 ohms........ 41 
450 ohms_______ 35 
500 ohms........ 31 
550 ohms .• .• .• .• 28 
600 ohms...... • 25 
700 ohms.... • • 22 

per 
IIJO,IXJO 

71 
65 
60 
55 
46 
38 
32 
27 
23 

600ohms........ 20 
900 ohms........ 19 
1,IXJO ohms...... 18 
1,200ohms...... 17 
~.400ohms...... 16 
1,600 ohms...... 16 
1,800 ohms...... 15 
2,IXJO ohms...... 15 

CARE OF THE ELECTJlOLYTIC BRIDGE 

The electrolytic bridge is a delicate instrument and should not 
be subjected to unusual shock or jar. It may be carried safely in 
the field if placed in a container with liberal cushion or packing. 
The electrodes of the hard-rubber cell should be kept bright and 
free from grease, and the cell and bridge parts should not be 
allowed to become encrusted with mud or covered with dirt. Con­
tacts should be kept clean and the circular bridge wire free from grit 
or dust by wiping with a soft cloth. The bridge should be provided 
with a hve active battery and the buzzer or current interrupter 
adjusted to give a sharp reading. When thrown in circuit, the 
100-ohm test coil should balance the 100-ohm comparison coil if 
the bridge is in proper adjustment. To make tlll.s test a piece of 
metal connecting the two contacts is substituted for the cell. 1\lajor 
adjustments and repairs should not be attempted in the field. When 
shipping or transporting the bridge Ion~ distances, the heavy elec­
tric cell in the lower compartment should be removed as it might 
become loosened and cause serious damage. . 

THE MAPPING OF SALT AND ALKALI PHASES 

The location of samples taken for testing with the electrolytic bridge 
should be shown accurately on the map by a dot or a small cross. 
Each mark should be accompanied by the serial number of the sample 
as recorded in the field book. · · · 

In the absence of SJ?ecial instructions, which may be issued to 
meet particular conditiOns, the salt concentration of each sample 

. is shown on the map in the form of a fraction, as ~-;~ • The upper 

figure indicates the content of salts in the surface or surface horizon, 
the lower figure the average salt content to a depth of 6 feet, or 
depth of sampling. Ordinarily determinations are made of each 
horizon or 1-foot section separately, but if the distribution of salts 
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in the soil profile is relatively uniform, a savin~ in time may some­
times be effected by testing composite samples ot two or more 1-foot 
sections. · . . 

The boundaries of salt-affected areas are mdiCated by broken 
lines. Both boundaries and data are shown in red ink. The defi­
nition of grades or degree~ of salt ac.cumulatio~ to be differentiated 
in mapping salt and alkah phases, w1ll yary w1th the characte_r and 
conditions of salt accumulatwn, the phys1cal character of the s01l, the 
possible utilization of the soil, and t~e special objective of the 
survey. 

In areas where local and infrequent salt accumulations occur, 
conditions may be indicated satisfactorily by merely recording the 
results of field tests on the map without any attempt to delineate 
boundaries. Ordinarily .if an accumulation of salts presents a defi­
nite problem, delineation of boundaries between degrees of salt 
accumulation will be justified. It is now believed that the recording 
of the actual results of field determinations on the map, together 
with a somewhat wider latitude in delineating boundaries based on 
land-use capabilities, is preferable to the earher system of attempt­
ing to map finer distinctions, defined on the basis of more exact 
percentages of salts in the soil. · 

Where salt accumulations occur in small scattered areas which 
may be either bare of vegetation or only sufficiently affected to re­
duce crop production, but in which only part of the land is affected, 
a "spotted" condition or complex may be indicated by the letter S 
and enclosed within a broken line delineating the. general area in 
which the unproductive spots occur; or where the spots are too 
small for enclosure by boundaries a symbol is employed. These sym­
bols are inked in red, both on the field sheets and the published map. 

Where more uniform and extensive salt accumulations are de­
veloped, three or four degrees of concentration, which are of agro­
nomic significance are indicated as "free"; "slightly affected", "mod­
erately affected", and "strongly affected.' Supplemental maps are 
published in the soil-survey report showing these conditions. If 
only .rarts of the entire area are salty, the supplemental map need 
only mclude those parts, or if saltiness is comparatively unimportant, 
the condition may be shown with red symbols on the soil map and 
no supplemental map published. 

Salt-free soils are limited to areas in which the average concen­
tra.tion of .sal~s to. a <l:epth of 6 feet i~ less than 0.2 percent and of 
umform d1stnbutwn m the profile w1thout localizatwn in any one 
hor~zon withi~ the feeding zone of plant roots. Surface concen­
tratwns exceedmg 0.2 percent may be sufficient to limit or prohibit 
crop production, even though the average salt content to a depth of 
6 feet may fall under the 0.2-percent limit . 
. Slightly affected areas contain relatively small amounts of salt, 

usually from 0.2 to 0.6 percent, so distributed in the soil profile 
as to threaten or sensibly decrease crop yields. 

Moderately affected areas include concentrations of 0.4 to 1 percent 
of salt and represent conditions in which a serious decrease in yields 
and in the capabilities of the soil for agricultural use are reflected. 

Strongly affected areas cover conditions in which salt concentra­
tions usually exceed 0.8 or 1 percent and are associated with barren, 
encrusted soils, on which the use of the land for crops is prohibited. 
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The significance of the average salt concentration in the soil pro­
file in determining the grades to be recognized in rna pping and the 
capabilities of the soil for use is materially modified by any concen­
tration of salts in the surface soil or other horizons within the soil 
zone of root development, and by soil texture and structure. These 
factol"s must, therefore, be considered in defining the grades or con­
ditions of salt accumulation to be mapped, which are better deter­
mined in individual areas after the preliminary observations and 
field tests have been made. 

Field boundaries and data should be shown on a secondary map 
having the same scale as the soil map, except where the affected 
areas are local and few. In these instances they may be added to 
the master soil mav if this can be done without crowding or obscur­
ing other boundanes and symbols. The presence of carbonates in 
appreciable amounts may be indicated by the letter C, in addition 
to other data recorded on the map. Other data may be obtained 
in the field under special instructions. · 

Complete field notes and descriptions of all special separations 
are required for the soil-survey report, as with any other separations 
shown on the map. The character of the native plant growth and of 
crop growth is always important, but it is especially important in 
connection with saline or alkali soils. The vegetation must be noted 
at each location where a sample is taken. A correlation often exists 
between certain plants and narrow ran~es of salt concentr~tion. 

INSPECTION AND CORRELATION 

The techniques involved in the identification, classification, nomen­
clature, and mapping of soil types vary according to the nature of 
the landscape and of the practical objective to be reached. At the 
same time 1t is highly important that similar soils be everywhere 
classified and named uniforml.:y: if the maps are to have their maxi­
mum usefulness. Also each s01l surveyor should have the advantage 
of full information regarding the most accurate and efficient methods 
of work. Further, the maps, legends, and reports of every 
area must be carefully checked for accuracy before released for 
publication. 

For the purpose of facilitating the technical supervision and in­
spection of the soil survey work in t.he United States there have been 
established five districts as shown in figure 1. The work of each 
district is under the technical supervisiOn of an experienced soil 
scientist. Depending on the number: and comi?lexity of the areas 
under way within a district, less definite subdiVIsions may be under 
the res.Ponsibility of an assistant inspector. Jt is the duty of these 
superv1sors to instruct the partv chiefs regarding all teclmical phases 
of the work and to pass upon its accuracy. 

INSPECTION 

Ordinarilv soil-survey areas are inspected at the beginning of a. 
survey at the end, and at one or more times durin~ its pro_gress, 
depending on circumstances. During the first inspectwn particular 
attention 1s devoted to the construction of the mapping legend. The 

9110~5"-38--9 
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soil units to be mapped are determined and their des?riptions care­
fully checked in the field. Plans for the constructiOn of a base 
map of an adequ~te s~ale, for transportatio~ facilitie~ and si~l~r 
details are exammed m respect to the conditions which obtam m 
the ar~a. Any subsequent inspections during progress are devoted 
largely to the revisions in the descriptive legend an:d to examina­
tion of the field mapping. During the final inspection, the maps 
are thoroughly exammed and the chief of party advised of all 
necessary revisions. The soil units shown on the map and described 
in the descriptive field legend are carefully rechecked in the field 
and a final correlation memorandum l?reJ?ared by the inspectino­
scientist, assisted by the chief of party, mdiCating the recommended 
nomenclature to be used .in the published report. The general out­
line for the report is carefully gone over by the inspector with the 
chief of party and a detailed outline prepared for the report of the 
particular area. A grouping of the soils for treatment in the report 
and similar details are decided, in order that the chief of party 
ma'y prepare the finalr.eport promptly at the close of the field work. 

The following outline is a reproduction of the report required of 
the inspecting official after each visit to a soil-survey area: 

UNITED STATES DEPARTMENT OF AGRICULTURE 

BuREAu OF CHEJ\IISTRY AND Son.s 

SOIL SURVEY DIVISION 

REPORT OF INSPECTION 

Area______________________________ State----------------------------------
Period of inspection-------------------------------------------------------­

( Preliminary, progress, final, for revision) 
Number of previous inspectio!ls of this area __________ :_ ______________________ _ 
lCind of surveY-------------------------------------------------------------

(Detailed, reconnaissance, detailed-reconnaissance, or other) 
Name of cooperating agencies-----------------------------------------------

N~~~-~f-~l~~tlst-l~~h~;g;~{-fi~]d);;;t~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Other members of partY----------------------------------------------------
---------(Ind~t;~~g;~i;atl~n~f-;a~h-~;nif~the;tha~-B~~;;~~~pl~yee) ________ _ 

~~-;~~~-~pi~i;~-;~;-e-;c~-;ith;;~-~~~-p;t;~t-f~~-t~i~~~k-to-b~-d~~~?--ii-~~t. 
so state------------------------------------------------------------------

VVh~t-t~a~sp~~t;ti~;-1;-;~;i];bl~-f~~-th;-P~~ty?~~===============~=========== 
State number of cars and trucks owned by: Bureau __ , State __ , and personaL­
Is there ample transportation?----------------------------------------------

(Yes or no) 
How is the cost of this transportation arranged for?_ ______ ----------------
Are there ample supplies and tools for carrying on the survey?_ _____________ _ 
If not, explain-------------------------------------------------------------
Are the automobiles and other Government materials well handled by the men 

in the area? If not, explain-----------------------------------------------
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\\·hat loeal organizations in the area have been interested in the survey? 
----------------------------------------------------------------------------
With what results?------------------------------------------------------

Gil'e the name and address of the count;v agricultural agent, if any----------
------------------------------------------------------------------------~-What sort of field notes are being kept by the party? ______________________ _ 

-------------------------------~-------------------------------------------

Do all the mappers keep field notes or just the scientist in charge L-----------­
Does your inspection of the field notes indicate that sufficient notations are 

being made for purposes of preparing the necessary legends and reports? ____ _ 
· (Yesoroo) 

If your answer to the above is no, give your suggestions.:--------------------

Of what is the scale of the mapL----------------------------------------­
Is this scale adequate?----------------------------------------------------­
llow is the base map prepared?--------------------------------------------
----------------tPI~~~-t;bi~-lJ~ted-Sii;te;(i~l~gical~~~~y~;t;.)----------------
Do the men have available all previous surveys and control data? ____________ _ 
If no~ explain--------------------------~----------------------------------

•Is the map tied to all available control data by United States Geological Sur-
vey, United States Coast and Geodetic Survey, and Army engineers?_ _______ _ 

•Where United States Geological Survey topographic sheets are used are altera­
tions and revisions of the base map shown on a separate sheet?-------------­

• Are these shown accurately, especially new roads and railroads, or are they 
merely indicated?--------------------------------------------------------

Do the men understand that errors are to be located and corrected where 
possible but that small closure errors are not to be "adjusted" in the 
field?---------------------------------------------------------------------

Are the conventional signs used in conformity with those adopted by the 
United States Board of Surveys and Maps?--------'----------------------lf not, are all departures clearly indicated?_ _________________________ _: ___ _ 

• Are streams named throughout their courses 1------------------------------­
Does your inspection indicate that the base map being used or being prepared 

is adequate for the soil surveyL-----------------------------------------­
If not, what are your suggestions?--------------------·----------------------

•The maps are (write each man's name after proper wol'd): 
,.ery neat-------------------------------------------------------------­
Neat------------------------------------------------------------------JB:asily legible _________________________________________________________ _ 

Barely legible---------------------------------------------------------­
Illegible---------------------;..-----------------------------------------

• Are the following shown on each sheet : 
Natne of area?--------------------------------------------------------­
Natnes of field ruen?----------------------------------------------------
lf more than one man worked on the sheet, and especially if more than one 

man ran the traverse, is the portion of the work done by each man 
indicated by sketch?--------------------------------------------------

Scale of IUap?-------------~--------------------~----------------------Magnetic north-and-south line?_ ____________ _: _____________________ ------
•Do the letters or symbols on the map corre~pund with those in the legend'-----
•Is every syiUbol used on the maps defined in the field legend? ________________ _ 
•Are the maps properly copied with ink as the field work progressesL------·-­
• Are the individual sheets properly Joined as to roads, streatns, soU boundurief\ 

etc.?---------------------------------------------------------------------
•u no~ what is your suggestion'---------------'-----------------------------

i)~;th;-p;;ty-h~;~-;;;tl~bl;-pl;t~-~ftt;;(};~;;;i-L;~d-0-tHZ~-;~~;;y?~~~~~:~~ 
Is the Dlap properly tied to the Land Offi<'E' sur\"ey?-------------------------­
•Are located sediou corners and qnartPr~ornPrS iudicatl'd as snch'P---------­
• Are the municipal boundaries of l'illagPs, towns, and cities shown'-----------
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*Are towns and Yillages shown on one sheet in their entirety and without large 
closure errors?-----------------------------------------------------------

*Are the maps properly joined to preyious soil surveys of adjoining areas?_ __ _ 
---------------------------------------------------------------------------
*If not, explain------------------------------------------------------------

;D;e_s_y-;;l"I~-i~~i~;~tl.-;;~-i;d:ic~-t~-th;t-the-;~ll-b-;;l"I;_-d;~i~;-;~~-;~~~~;tely-d~a~;L~?== 
------------------------------------------------

*ii;e~--i;~~-i~;p-;~ti~~-;h~-; that equal care is taken distant from roads as 
near roads?--------------------------------------------------------------

"'lf your answer to either of the above is no, explain your suggestions _______ _ 
-------------------------------------------------------------

i;-th~-;~11-~l;;sification logically constructed?--------------------------------
Explain any inconsistencies-------------------------------------------------

-----------------------------------~------------------
ii;;-;-£~11-d:~;~~iPti~~ legend showing all mapping symbols and describing a/J 

soil separations been furnished each mapper?_ ____________________________ _ 
(Yes or no) 

Does your inspection show this legend to be complete and accurate?_ _________ _ 
(Yes or no) 

If your answer to either of the above two questions is no, explain the action 
taken--------------------------------------------------------------------

Are the men instructed as to the proper way of collecting soil samples for 
correlation?----------------~---------------------------------------------

Who is writing or is expected to write the report?_ __________________________ _ 
What progress has been made toward preparation of the report?_ ____________ _ 
'Vhen do you expect the map to be completed 1-------------------.,------------
What provision is being made for a!l extra copy of the map for the StatE>?-___ _ 

'Vhen do you expect the report to be completed?-----------------------------­
State total number of reports and maps of the area which should, in your 

opinion, be printed------------------------------------------------------­
Submit a list showing all separations, including phases and any special features 

(to be attached>-------------------------------------------~-------------

Remarks and recommendations for improvement (include brief statement of 
changes that you directed the men to mal•e>--------------------------------

Date reached area _________________________________ , 
(Date and timP) Date left area _____________________________________ _ 
(Date and timP) 

Date------------------------
-----(sig-n-at"ii~;~Ti~spe~ti;;.g-~iii~iai) ____ , 

NoTE.-It is important that all questions be answered where the work has 
been started. Certain questions, marked with an asterisk ( •), cannot be 
answered where field work has not been started, but in these instances also it 
should be made certain that the men are properly instructed. 

, CORRELATION 

The correlation of soils refers to the procedure for the determination 
of the final names to be given the mapping units shown on the pub­
lished maps. This is accomplished by the correlation committee. 
consisting of the district inspectors, one of whom is chairman, from 
a study of the type descriptions and samples submitted by the chief 
of. pa~ty. and th~ final correlation memorandum of t)1e inspecting 
s~Ienbst ~n re)abon to standard samp_les and descriptions of estab­
lished soil umts. A large part of this work mi o-ht be called more 
appropriately "collation" since the purpose is e. to determine the 
nomenclature of similar soils. It is equally important to determine 
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which soils in the new area are similar to ones already established 
and which are entirely new and must be given new names and a 
place in the general system of classification. 

The final correlation of the soils of an area involves both an 
adjustment of the local classification to conform to the principles 
of soil taxonomy and the fitting of the local classification into the 
framework of the Nation-wide system of nomenclature. The first.· 
step involves the proper adjustment of the categories so that distinc­
tions which have been mapped may be designated properly as soil 
types, phases, complexes, or land types. In the adjustment of the 
nomenclature and as a matter of economy in J?Ublication, it is some­
t~es n~ssary to combin.e types or phases whiCh haye ~een differen­
tiated m the field mappmg. At bmes such combmatlons may be. 
made because of a very small total area of the type mapped. From 
a strictly scientific point of view, such combinations are not desirable 
and when made, care must be taken that the characteristics of the · 
soil which has been eliminated from the map by inclusion with some 
other soil be described fully in the report. 

All data bearing on the problem must be given consideration. 
These data include the field maps, the descriptive field legend, the 
report the soil samples and· the recommendations of the inspector, 
as well as available results of laboratory examinations. In addition, 
.it is necessary to have an estimate of the total area of each soil type 
and phase which appears in the legend. These estimates should be 
submitted with the soil legend accompanying the field sheets. It is 
important to the correlatiOn committee that the soil nomenclature 
be uniform throughout and that the soil names used in.mapping the 
legend correspond to the soil names used in the report, in the descrip­
tive legend, and in the inspector's correlation memorandum. It is 
helpful to append the field symbol to the soil name in each instance. 

This work of correlation requires careful judgment and a consid­
eration of all available data from the field, frequently supplemented 
by laboratory determinations. After the correlation committee has 
made its findings the chief of party and other interested scientists 
are advised of the results and given an opportunity to express sug­
gestions for any changes supported by additional data. After re­
ceiving approval of the scientist in charge of the organization, the 
final report of correlation is adopted and copies are furnished those 
preparing the map and report for publication. Especial care must 
be taken to insure the correctness of this work. The value of the 
mapping depends to a great degree on the correctness of the nomen­
clature. 

During the development of soil nomenclature in the United States 
tremendous advances have been made in soil science, both funda­
mental and applied. Many of the earlie~ ~stablished soil ser.i~ cov­
ered such a wide variation of characteristics that any defimhon of 
their capabilities for use lacked the necessary specificity for the 
demands of practical application of the results to indh·idua! tracts 
of land. These had to be split into more exactly defined umts, and 
some had to be redefined and a few abandoned. altogether in sub­
sequent mapping. Perhaps a few soil series are not yet de~ned as 
precisely as they should be and as they will need to be ultimately. 
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Naturally these changes have brought about some confusion when 
old surveys are compared to new ones. Although no one would 
dare to suggest that the classification of soils, or of any other natural 
bodies for that matter, is at present perfect and complete, and that 
no future changes will be necessary, the nomenclature is now well 
developed and established. · 

In connection with the correlation of soils is the problem of group­
ing mapping units into higher catego~ies, .both from. the point of 
view of the technical aspects of classification and the more prac­
tical point of vie~ of the capab~li~i.es of the soils f?r ~articular cro~s. 
This work also IS the responsibility of those scientists engaged m 
the correlation of soils, but a description of the methods and tech­
niques involved lies beyond the scope of this manual. 
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