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Soils with nearly black, organic-rich surface horizons
and high base saturation
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Table 2.—Generalized description of hydrologic soil group classification system
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high loam (some silty loess, silty to undulating terraces, tableland exist)
m__.“ﬂ n_mcw Elsam 3 Undulating  Terraces, rolling Explanation of letter symbol in soil group number
MILIIERC to rolling uplands : "
fragments) L e = 5 Topographic position and
3 Moderate Moderate to  Silty clay to Weathered limestone, s o Letter Thickness underlying material
: ) steep eroded uplands . »
high loam (some silty-sandy loess, : : S  Thin over bedrock, Dissected uplands
rock fragments) silty-sandy alluvium 5 Steep to very I_wrﬁ&_mmmﬁmm usually inhibiting underlain by slightly
t ] . :
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HYDROLOGIC CHARACTERISTICS OF SOILS

Figure 5—Physical properties of the soil affecting hydrologic responses

INTRODUCTION

Certain physical characteristics of soils, including permeability, available water capacity,
thickness, and topographic position, have a measurable effect on the hydrology of an area.
These characteristics control the rate at which precipitation infiltrates or is transmitted through
the soil, and thus they have an important role in determining the rates of actual evapotranspira-
tion (consumptive water use), ground water recharge, and surface runoff. In studies of ground-
water hydrology, it is useful to differentiate soils spatially according to their physical
characteristics and to assign values that indicate their hydrologic responses.

PURPOSE AND SCOPE

The principal purpose of this report is to describe the relation between the hydrologic
characteristics of the soils in the study area and those environmental factors that affect the
development and distribution of the soils. This objective will be achieved by (1) defining both
qualitatively and quantitatively those soil characteristics that affect hydrology, and (2)
classifying and delineating the boundaries of the soils in the study area according to these
hydrologic characteristics.

The study area includes the High Plains, Northern Great Plains, the Central Texas
Carbonates, and parts of the Central Midwest Regional Aquifer Systems as described by the
U.S.Geological Survey Regional Aquifer-System Analysis (RASA) Program (Sun, 1986, p.5 and
Sun, personal commun., June 1985) and shown in figures 1 through 5. The spatial patterns of
the soils classified according to their quantifiable hydrologic characteristics will subsequently
serve as an integral component in the analysis of actual evapotranspiration (consumptive water
use), consumptive irrigation requirements, and potential ground-water recharge of the study
area.

The classification system used to describe the soils in this report is compatible with that of
Dugan (1986). Dugan described the same characteristics of soils that are immediately underlain
by principal aquifers of Cretaceous or older age in adjacent parts of the Central Midwest
Regional Aquifer System. However, map scales and mapping detail are different between this
report and the report by Dugan (1986) because of the size of the study area.

SOURCE DATA

The hydrologic characteristics of soils of the study area are based largely on a general soil
map by Aandahl (1972). More detailed information is available from the soil association maps
published for the individual States on soil series present within each mapping unit, which were
required for a quantitative evaluation of the hydrologic characteristics. These soil association
maps are not of uniform detail among the States. Therefore, it was necessary to use the more
generalized map by Aandahl as the mapping base. Soil association maps for Arkansas,
Oklahoma, and Texas were used in the final mapping for those areas not included in Aandahl
(1972).

Because Aandahl’s map did not identify the soil series that composed the soil groupings,
soil patterns in the map by Aandahl were cross referenced with those of the State soil
association maps to determine the soil series. The identified soils were then referenced in the
soil series data of the U.S. Soil Conservation Service to determine their physical properties.
These data include quantitative hydrologic characteristics such as: soil permeability, available
water capacity, slope, depth to seasonal high water table, and soil thickness.

FACTORS AFFECTING SOIL FORMATION IN THE STUDY AREA

Surface soils are commonly treated as a geologic unit, but processes that take place within
the soils are ordinarily far more dynamic than in underlying geologic formations. Soil formation
is a continual process caused by exposure to an ever-changing environment. The original
parent materials that form soil are important in determining certain primary characteristics of
the soil, such as texture. Other soil-forming factors, including climate, biotic activity,
topographic position, and time, usually determine the ultimate soil product. Scil properties such
as clay development, organic- matter content, and soil thickness are determined largely by the
intensity of weathering to which parent materials are subjected.

PARENT MATERIALS

The generalized distribution of soil parent materials in the study area is shown in figure 1.
The precise nature of parent materials for any soil is difficult to determine. Subsequent
additions of wind- or water-deposited sediments may differ considerably from the original
parent materials in which soil formation began. Thus, it is more appropriate to state that the
soils develop “on” rather than “in” certain materials.

Even for mature soils, the parent materials are important in determining hydrologic
characteristics. This passive soil-forming factor (parent materials) largely imparts textural
characteristics to the soil, which is a significant determinant of permeability and available water
capacity.

Parent materials also play a role in determining soil thickness. Unconsolidated materials
usually result in soils 60 inches thick or greater. Consolidated bedrock, particularly when
resistant to weathering, typically will result in thin soils, usually less than 60 inches thick. Thin
soils affect rooting depth of plants and the available water capacity of the soil; both rooting
depth and available water capacity ultimately affect the soil-water balance.

The parent materials within the study area are quite diverse, as is apparent from figure 1.
Unconsolidated deposits of glacial origin are predominant in the extreme northern and
northeastern parts of the area, whereas unconsolidated eolian or wind-blown deposits,
including loess and sand, are predominant in the central and southwestern parts. Lacustrine
silts and clays occur in parts of the study area in North and South Dakota; and marine clay
deposits (marls) occur in Texas. The predominant parent material for the entire study area is
consolidated bedrock, principally sedimentary sandstones and shales. The only significant
occurrences of crystalline bedrock, both igneous and metamorphic, are in the Black Hills of
South Dakota and the Bear Paw Mountains of Montana.

CLIMATE

Variations in climate throughout the study area have a significant effect on soil
development. The degree of weathering, and the depth to which certain constituents are
translocated or eluviafed, principally are a function of available moisture from precipitation and
temperature during the weathering process. In general, continually moist soils (udic moisture
regime) show increased chemical alteration and movement of materials downward in the soil
profile. Soils developing in warm, moist climates tend to have weathering that is more intense
and occurs to greater depths, because the chemical processes accelerate as available energy is
increased and because the active annual weathering period is longer.

Five climatic types are evident in the study area, indicating that significantly different
weathering environments influence soil development (figure 2). These climatic differences are
exemplified by large ranges in temperature and precipitation, which together largely determine
the rate of weathering of parent materials. Mean annual temperature ranges from less than 38°F
in northeast North Dakota to more than 71°F in the Rio Grande Valley of south Texas. Mean
annual precipitation ranges from less than 12 inches in north-central Montana to more than 49
inches in the part of the study area in Arkansas.

Distinct soil development is associated with each climate type shown in figure 2. The humid
subtropical climate is characterized by deep, highly weathered soils with significant transloca-
tion of clays that accumulate at depths of more than 2 feet in the “B” or argillic horizon
restricting permeability.

Both phases of the continental subhumid climate have much less weathering with depth
than does the humid subtropical climate, because of shorter frost-free seasons and lower
temperatures. Relatively moist conditions of these climates, however, create considerable
translocation of clays, forming a restrictive argillic B horizon at depths of 1 to 2 feet in most soils.

Those areas classified as semiarid climates typically have thinner, less developed soils. In
warmer, drier phases of these climates, potential evapotranspiration is great and soils
frequently have mineralized deposits (evaporites) at or near the surface. Throughout much of
the subtropical semiarid climate area, these mineralized deposits occur as a calcic horizon
(often known as caliche) resulting from secondary calcium carbonate enrichment (U.S. Soil
Conservation Service, 1960, p. 57). Water containing dissolved solids is drawn to the surface by
capillary action from underlying saturated and unsaturated zones. The dissolved solids then
precipitate out during hot, dry periods. Precipitation in these areas is not sufficient to provide
downward leaching of these mineralized deposits.

Climatic patterns were not static throughout the period in which the present soils
developed. Therefore, a strict relation between present climates and soils cannot be
established. Certain soils in the semiarid areas are characterized by clay accumulation,
indicating that some past soil development occurred under more moist conditions. Thus, soils
may reflect complex development over a long period under changing climatic conditions.

VEGETATION

The vegetation of the study area also is diverse. Nearly all mid-latitude vegetation types,
with the exception of true desert vegetation, are present. Comparison of figures 2 and 3
indicates that the principal types of vegetation are closely related to certain climates. The
combined effects of climate and vegetation alter parent materials both through the weathering
process and by the addition of organic matter and other constituents to the soil.

Generally, where soil-moisture surpluses are frequent or deficits are of short duration
because precipitation is adequate and seasonally well distributed, woodlands predominate, as
in central and east Texas and Arkansas. Conversely, where soil-moisture deficits are large or
prolonged because precipitation is limited or poorly distributed seasonally, so that an annual
water-budget deficit exists, grasslands predominate. Where the water-budget deficit is greatest
or most prolonged, the grasses tend to be of the shorter species.

Certain physical characteristics that soils acquire are related to vegetation and the organic
matter contributed by its decay. The quantity of organic matter in the soil is largely dependent
on the continual decay of root systems. Grasses, particularly tall or true prairie grasses with
their extensive root systems, add large quantities of organic matter to the soil, producing
topsoils (“A” horizon) that are dark, silty, and granular-structured with large available water
capacities and moderate permeabilities. Increased organic matter results in greater available
water capacities by increasing soil porosity and promoting granular soil structure.

Short-grass vegetation produces less organic matter, resulting in soils with an A horizon
that is thinner and lighter in color. Woodland soils generally have a relatively thin surface layer of
organic matter derived primarily from leaf or needle decay. Although root decay provides
organic material to soils under woodland conditions, the quantity is approximately one-half of
that of grassland soils under similiar conditions (Foth and Turk, 1972, p. 131).

The degree of chemical weathering determines the quantity of organic matter that will
remain in the soil. Under warm, moist conditions, organic matter does not accumulate or
remain in the upper soil horizon (Donahue and others, 1971; Foth and Turk, 1972). This is
generally true for soils under a humid subtropical climate (fig. 2) where leaching prevents
long-term accumulation of significant quantities of organic matter.

TOPOGRAPHY

Topography is a passive factor in the soil-forming process. Steep slopes tend to promote
rapid precipitation runoff; this decreases infiltration and limits the quantity of water available for
weathering of primary materials and vegetative growth. In addition, steep slopes are subject to
greater erosion, which causes removal of weathered material and results in thin, relatively
under-developed soils. The degree to which topography aides in soil development is inversely
related to the degree of land slope.

Relatively flat to rolling topography (0 to 15 percent slopes) is predominant in the study
area. Land slopes that exceed 15 percent are largely the result of dissection along the larger
streams, principally the upper Missouri River and its tributaries. The only significant areas
characterized by extremely steep slopes (average slopes exceeding 30 percent) are the Black
Hills of South Dakota, small outlier mountain ranges in Montana, the folded Ouachita
Mountains of southeast Oklahoma and west-central Arkansas, and the dunal topography of the
Nebraska sandhills.

PERIOD OF EXPOSURE TO THE ENVIRONMENT

The degree of soil development is dependent on the length of time geologic materials have
been exposed to the atmospheric and biotic environments and the intensity of weathering
during that period. The geologic age of parent materials, however, does not necessarily reflect
the degree of soil development. In many instances, minimal soil development is present on older
geologic formations because of recent exposure by erosion.

Among soils experiencing the longest period of development in the study area are those
formed on bedrock in central and east Texas and west-central Arkansas. Areas of recent
glacial, loessial, and eolian sand deposition, principally in the northeast and central parts of the
study area (fig. 1), have considerably shorter development. The limited areas of flood plain
(alluvial) soils along the larger streams have the shortest period of development.

Thus, the age of soils in the study area ranges from very young alluvial soils lacking a B
horizon to very mature soils on relatively level, highly weathered, upland bedrock, with a
well-defined B horizon. Normally those soils experiencing a longer period of development have
a greater degree of weathering with depth indicated by a significant translocation and
accumulation of clays in the B horizon.

CLASSIFICATION

According to the general classification system of the U.S. Soil Conservation Service
(1960), 6 of the 10 soil orders of the comprehensive classification system are represented in the
study area (fig. 4). Mollisol is the dominant soil order within the study area. Alfisols and Entisols,
however, occupy significant areas.

The general classification of soils, although useful in identifying the general patterns and
factors in soil development, does not differentiate the soils quantitatively according to their
hydrologic characteristics. This differentiation requires data for the most detailed level of
classification—the soil series. Quantification of series data can be extended to soil associations,
which are geographic groupings of soil series.

In the study area, more than 1,000 soil associations representing an even greater number of
soil series have been identified. The basic soil map (Aandahl, 1972) and supplemental State soil
association maps used in this study contained 161 mapping units within the study area. To
obtain a more manageable number, these soils were grouped according to quantifiable
hydrologic characteristics. The method used for grouping is described by Dugan (1984).

SOIL CHARACTERISTICS SIGNIFICANT TO HYDROLOGY

Five hydrologic characteristics of the soil are used in this report to express, directly or
indirectly, the relation between soil and water. These are: (1) Average permeability of the soil
profile, (2) average available water capacity of the soil profile, (3) soil slope, (4) depth to the
seasonal high water table, and (5) thickness of the soil profile.

AVERAGE PERMEABILITY

Average permeability of the sail profile is the average permeability of the individual soil
horizons weighted by their thicknesses. The term “permeability,” as defined by the Soil
Conservation Service, is the rate at which soil under saturated conditions transmits water
downward. This definition of permeability differs from that used by the U.S. Geological Survey
(Lohman, 1972, p. 4-5), in that it onlyapplies to soil-water movement under saturated conditions
in a vertical or downward direction. Permeability is largely dependent on soil porosity, mainly
pore-size distribution, which, in turn, is principally a function of soil texture and structure (Hillel,
1971, p.92). Organic-matter content also affects porosity and resultant permeability.
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AVAILABLE WATER CAPACITY

Average available water capacity of the soil profile is the average of the individual soil
horizons weighted by their thicknesses. Available water capacity of the soil profile is the amount
of water that can be held in the soil and available to plants. This amount is the difference
between the quantity of water in the soil at field capacity and the quantity of water held at the
permenant wilting point.

Field capacity is the quantity of water held in the soil after excess gravitational water has
drained away and the rate of downward movement significantly decreases or becomes
negligible—normally a 2- to 3-day period following an infiltration event (Baver, 1963, p. 285;
Hillel, 1971, p. 162). Field capacity is normally measured as water held at a moisture retention of
1/3 bar (atmospheric pressure) (Hillel, 1980, p.70).

Permanent wilting point is the moisture content at which soil can no longer supply water at
a rate sufficient to maintain turgor of a plant, resulting in permanent wilting. Normally, the
permanent wilting point is measured as water held at a moisture retention of 15 bars (Hillel,
1980, p. 218).

Available water capacity is a static concept of soil water in storage and perhaps does not
reflect more dynamic soil-water-plant interactions that actually exist. Yet the standard method
used by the Soil Conservation Service of measuring available water capacity as water retention
between 1/3 and 15 bars provides a relatively standard comparison among soils.

Available water capacity and permeability are dependent on similiar physical properties of
the soil, including porosity (texture, structure, and organic-matter content). Available water
capacity is, quantitatively, the approximate inverse of permeability (see table 1).

SOIL SLOPE

Soil slope, a property extrinsic to soil itself, is the change in elevation of the soil surface
divided by the horizontal distance and expressed as a percentage. In this study, soil slope is the
maximum slope measured for a particular soil. The use of maximum slope is based on the
concept that the ratio of runoff to infiltration in a particular area is a function of greater rather
than lesser slopes.

DEPTH TO THE SEASONAL HIGH WATER TABLE

Depth to the seasonal high water table is the minimum depth to the saturated zone,
normally occurring annually, not including the depth to a perched water table. This
characteristic can be an important factor in determining rates of evapotranspiration from
certain soils. Furthermore, the structure of soil can be altered significantly by long periods of
saturation, which also can affect other hydrologic characteristics of the soil, such as available
water capacity and permeability.

THICKNESS OF THE SOIL PROFILE

Thickness of the soil profile, as used in this report, indicates whether a particular soil is
greater than or less than 60 inches thick. Soil-profile thickness principally distinguishes between
soils that form a veneer of material over bedrock and those that compose a relatively thick layer
generally overlying unconsolidated or weakly consolidated parent material that is easily
weathered. Thickness provides an indication of the potential depth of the plant rooting zone
and the amount of water that can be held within this zone under a given available water capacity.
Shallow soils overlying bedrock are frequently indicative of an impervious zone restricting
water movement from the soil. As a result of the effect of soil thickness on soil-water storage and
movement, modified computations or interpretations of actual evapotranspiration and
potential ground-water recharge estimates are necessary. .

The five hydrologic characteristics discussed in this report provide a quantitative measure
of a particular interaction between water and soil. They represent more simplistic interpreta-
tions of the hydrologic processes occurring in the soil. The more complex soil-water
interactions, such as water movement under unsaturated conditions and the dynamic nature of
soil-water-plant relations are not addressed by the interpretations presented in this report.
Current research in soil physics is concerned with these more dynamic processes (Hillel, 1971
and 1980; Marshall and Holmes, 1979). Although detailed data for individual soil series are
limited to the classical concepts of soil water, these data and other known physical
characteristics for a given soil can provide a basis for interpreting more complex soil-water
relations.

QUANTITATIVE AND DESCRIPTIVE INTERPRETATION
OF HYDROLOGIC CHARACTERISTICS

The simplified system of classification presented in figure 5 is based on the quantitative
values of four of the five soil characteristics important to the hydrology of the High Plains,
Northern Great Plains, and Central Texas Carbonates Regional Aquifer Systems. These four
characteristics, which conceptually are considered independent of one another, are: (1)
Average permeability of the soil profile, (2) average maximum slope, (3) depth to the seasonal
high water table, and (4) thickness of the soil profile. The remaining characteristic, average
available water capacity, while hydrologically significant and computed for each permeability
group (table 1), is not included in figure 5 because of water capacity’s dependence on the same
physical properties of the soil as permeability. The descriptive textural soil classes are included
in both the explanation and table 2 to show the approximate relation of texture to permeability
and available water capacity.

‘Both color and alpha-numeric symbols, termed hydrologic soil group numbers, are used to
indicate the ranges of values for hydrologic characteristics. The color provides a visual
representation of the distribution of soils according to the range in average permeability of the
soil profile. More complete information is provided by the four-part hydrologic soil group
number (see map Explanation). For example, a soil identified with the group number 142S has
an average permeability of the soil profile less than 0.50 inch per hour, an average maximum
slope between 15 and 30 percent, a depth to the seasonal high water table of more than 6 feet,
and a thickness of the soil profile of less than 60 inches.

The 161 mapping units from the original soil maps have been consolidated into 39
hydrologic soil groups shown in figure 5. The number of mapping units or associations from
these original maps, included within a hydrologic soil group, ranges from 1 to 20, based on the
specified ranges for each of the four hydrologic characteristics in the classification. On the basis
of the system used for consolidating soil associations into hydrologic soil groups, as many as 120
hydrologic soil groups could be mapped. However, because certain characteristics are mutually
exclusive under natural conditions (such as depth to water less than 6 feet and steep slopes),
this number was reduced to 34 hydrologic soil groups.

By reference to each of the digits and letters in the hydrologic-soil-aroup number, the
descriptive characteristics of a soil in any of the hydrologic soil groups can be determined using
table 2. Consider soil group 142S as an example: The first digit, 1, indicates that soils of this
group have an average profile permeability value that is very slow and available water capacity
that is low to moderate. The clay texture is derived from weathered shales, clayey glacial till,
high clay-content loess, or clayey alluvium. The second digit, 4, indicates that they are rolling to
steeply sloping and occur on dissected or eroded uplands. The third digit, 2, indicates that the
water table lies more than 6 feet below land surface in all seasons because these soils occur on
uplands or high terraces. The letter, S, indicates that the soil is thin and directly overlies slightly
weathered or resistant bedrock.

Although available water capacity varies quantitatively as the inverse of permeability, there
is a significant range in available water capacities possible for a given soil permeability. Table 1
depicts the range of values for available water capacity within each permeability class based ona
statistical analysis of 574 selected soil series in the study area. These values can be used as a
guide for selection of possible available water capacities for a given hydrologic soil group. A
realistic range of potential values for this hydrologic characteristic is more useful than a simple
average because available water capacity is quite critical in computing water-storage capacity of
the soil and resultant actual evapotranspiration, irrigation requirements, and potential ground-
water recharge.

The potential applications of the information given in figure 5 can be extended beyond
ground-water hydrology to: surface-water hydrology, various aspects of agriculture, and
nonagricultural land uses. For example, surface-water runoff is dependent on soil permeability
and slope. Also, the significance of such hydrologic soil characteristics as permeability, slope,
and available water capacity to irrigation and drainage makes this information especially useful
in addressing broad problems related to agriculture. Furthermore, this information can be
useful in an examination of a variety of nonagricultural land-use problems, such as urban
development.

SUMMARY

Certain physical characteristics of soils; namely, permeability, available water capacity,
slope, and thickness, have a measurable effect on the hydrologic responses of soils in the High
Plains, Northern Great Plains, and Central Texas Carbonates Regional Aquifer Systems.

This study, which includes all or parts of 11 States, describes the relation between the
hydrologic characteristics of the soils and those environmental factors that affect the
development and distribution of the soils. In addition to providing a quantitative basis for
evaluating the hydrologic responses of the soils, the methodology serves as a tool for
consolidating the soil groups of the study area into a more manageable number.

The 161 soil mapping units identified in the study area are consolidated into 39 hydrologic
soil groups and a range of values are presented for (1) average permeability of the soil profile, (2)
average available water capacity of the soil, and (3) average maximum slope; additionally, the
depth to seasonal high water table is indicated as greater than or less than 6 feet and thickness of
the soil profile as greater or less than 60 inches.

The spatial patterns of the soils classified according to their quantifiable hydrologic
characteristics will serve as an integral component in the analysis of actual evapotranspiration,
consumptive irrigation requirements, and potential ground-water recharge of the study area.
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