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INTRODUCTION

The work of Holmes (14} and that of Holmes and Edgington (15)
present a careful investigation of the chemical characteristics of
colloids of given scil types which occur in the humid region. Thesze
studies bring out the fact thet the colloid of a given soil series, as
defined by the Division of Soil Survey, is of essential constancy of
composition, while the soil colleids derived from different series differ
to a marked degree. 'The work of Denison (12) and that of Anderson
and Byers (3, 4) show that although the soils of the great soil groups
have within each group a generally similar character, the different
great groups are markedly dissimilar. These groups of date, with
other dafa collected from wvarious sources, bave been made the basis
for a general {reatment of the subject of the relstion between the
colloids of the grest soil groups, as developed and defined by Marbut
(18) and his associates, by Byers and Anderson (9}, aud a diseussion
of the genesis of soil colloids ﬁy Byers {8).

At the suggestion of one of the authors (Rice), the present investi-

ation of chemical and physical properties of groups of soils which
Ea.ve been intensively studied in the field by the represeniatives of the
Division of Soil Survey was undertaken as a confinuing study of the
relation between the chemical charncteristics -of soils and their classi-
fication. It was alac expected that light might be thrown on the
precesses of production o})claypans. It was at first intended to limit
the study to the claypan soils of Nebrasks, but as the work developed
it seemed wise to include three profiles from other sourcea,

1 Ttallo numberd in parerthesas refer to Literature Qited, p. 41,
12077 —a8—1
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In southern Nebraska is an area which affords an excellent field for
the study of changes in soils brought sbout by climatic conditions.
This aree, which extends east-west across the southern part of the
State, is sbout 325 miles long. The greater part of it is mantled with
Peorian loess. From sbout the Iongitude of Eincoln to the west State
line the loessial mantle is almoss continuous. FEast of this longitude
it has beep removed rather extensively but still caps many of the
divides to within a few miles of Missouri River. Aside from some
verietions in its lime content the loessial material over this area is
remarkably uniform in composition. Its surface, es a rule, is nearly
level or very gently rolling, although it is modified here and there by
shallow basmlike depressions and is crossed by narrow strips of steeply
sloping or rough and broken land along drainageways. There is &
gradual slope eastward from about 3,200 feet above sea level in the
western part to about 1,200 feet in the eastern part.

The natural vegetation, prior to the use of the lend for cultivated
crops, consisted of tall prairie grasses in the eastern part, mixed tall
and short grasses in the central part, and short grasses in the western
part of the ares. Patches of virgin grassland of varying sizes still
remain in practically every township. Throughout most of the area,
native forest oceurs only in narrow strips slong drainage channels.

The mesn annual precipitation ranges from about 18 inches in
Dundy County to about 32 inches in Richardson County. The mean
ennual temperature is almost, mniform throughout the ares, being
50° ¥. in the eastern part. Local relief nowhere exceeds 200 feet.

The importance of this area as a field for soil study is owing to its
large extent, to the uniformity of the parent soil material, and to the
fact that comparable successions of drainage conditiorr -occur through-
out. Obviously, differences in the scils ?eveloped over this area are
the result of changes in the factors of environment, which determine
the nature and intensity of the soil-forming processes. It is believed
that differences in the amount of soil moisture, whether directly
derived from precipitetion or increased or diminished locally by
topographic features, account for the major soil features in a given
locslity. The region selected for study lies soutk of Platte River,
extending from about the longitude of Lincoln to the western State
line. Throughout this region differences in temperature, owing %o
differences in elevation or latitude, are not believed to be significant
factors in soil formasion. The character of the vegetation, a very
important factor in soil development, is controlled by the amount
and distribution of the rainfall.

In any given precipitation belt the s0il on the smooth but well-
drained upland recetves the whole precipitation and develops a profile
that may be regarded as the regional or zonal profile. In depressions,
however, soils developed under more humid conditions may resemble
soils that occur in belts of heavier rainfell farther east, and on sloping
areas the soils are like the more arid soils to the west. For this reason
the soil map of any country may show that soils zonal in other regions
occur in essociation with each other, depending on the relief.

The local soil-forming processes acting on the uniform parent
material have produced soils that differ in several respects. ?n the
soils of the region under consideration an especially obvious character-
istic is the development of & more or less dense upper subsoil layer.
In some of them this is a true claypan., On the basis mainly of the
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color, thickness, and density of the dense layer, these soils have been
grouped in soil mapping into several series. This report is concerned
with five series; namely, Fillmore, Crete, Hastings, Holdrege, and
Keith. all of which lie west of the north-south line which separates
the soils of the United States into two broad groups—pedocals and
pedalfers—and they belong to the former group.

Boils of the first four series named have developed in that part of
the United States where the surface soils, as a result of moderate
rainfall and s heavy grass cover, have attained a very dark, in many
places almost black, color. They are classed as chernozems. The
intensity of darkness in the surface layers diminishes westward toward
the region of lower rainfall and lighter grass cover, except in the Fill-
more soils. Aside from the Fillmore seils, which may be regarded
as intrazonal in their distribution, all the soils menticned occur in
more or less well-defined north-south belts across the southern part of
Nebraska. The Keith scils, which have developed in the region of
lightest precipitation and grass cover, have the lightest-colored surface
layers and are definitely classed with the chestnut-brown group of
golls. All the soil samples from Nebrasks were collected by F. A.
Haves of the Soil Survey.

One of the three other profiles introduced iz a solonstz from Phillips
sendy loam from Montans. This soil is developed under & scanty
rainfall and grass cover but has a very distinet claypan. Another is
a solonetz from Fargo clay from Minnesota, developed from the
lacustrine deposit of the ancient Lake Agassiz, and having a well-
developed claypen and very distinet development of podzollike char-
acteristics. 'The third is a silt loam wkich has not yet been named,
since it is in an unsurveyed area. It is, however, a prairie soil,
occurring 6 miles west of McLeansboro, IIl. It has a well-defined
claypan, snd the rounded tops of the columnar subsoil show evidence
of incipient podzolization. Detailed descriptions of each of these
profiles are given. The field observations of the Soil Survey indicate
n wide distribution of claypan throughout the Mississippi Vailey.
These soils are also similar in physical characteristics to the pleisto-
cens gumbotil, which has been summarized by Kay and Apfel (16).
Lack of detailed information concerning the colloid of the gumbotil
and of its physical properties makes comparison difficult, but it is
possible that this material was produced by the same processes which

roduce claypans in the present soils. Also, dense subsoils, resem-
gli.ng claypans, are developed in certain areas as a result of irrigation,
according to McGeorge, Breazeale, and Burgess (17), and are also
found in the lateritic soils of the humid east. The relation of these
to the claypans is close. It would appear, then, that laboratory
investigations of a definite type of cleypan should be of general in-
terest and have a direct bearing on soil genesis and colloid constitution.

DESCRIPTION OF SOILS
FILLMORE S801L8

The Fillmore soils are typically developed in shallow poorly drained
depressions or basins. These soils mey oceur in any part of the loess-
covered uplands where conditions of moderately excessive moisture
prevail, but they are most abundent and cover a greater proportion
of the area in the eastern part of the region under consideration.
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The Killmore soils represent the most extreme developmment of the
dense black claypsn. The topsoil in few places exceeds § or 10
inches in thickness.. It is very dark in the upper part but in many
Places is leached and elmost white in the lower part,” The upper part
of the subsoil is & true claypan consisting of dense black clay from
- 14 to 30 inches thick, Tﬂ? clay in most places gives way rather

“abruptly st a depth of about 40 inches to light-gray limy and floury
silt. 'This Hght-colored layer, or the lime zone, ranges from about
8 to 14 inches in thickness. It rests om Peorian loess. The loess
contains less ime thar: the layer shbove. The profile studied is & sil$
loam, a description of which follows:

Location: On west side of roed, 1,050 feet south of the northenst corner of
sec. 16, T. 8 V., R. 9 W., Adams County, Nebr.

Topography: Nearly level area sbout 12 feet below the surrounding uplande,

Drainnge: Water does not remsin long on the surface hut drains alowly tc &
slightly lower lying area. The claypan subsoil is nearly impervious to
underdrainage.

Vegetation: Virgin-hay meadow covered mainly by western wheaterass and a
emall sedge, with some bluegrass,

A; 0 to 2 inches, very dark grayisb-brown silt loam. The upper half inch is
structureless, and the remainder is Iaminated.

Ap. 2 to 6} inches, the upper 2 inches of which is light grayish-brown
laminated silé loam. In the lower part gray material coats the hard
granular particles of the degrading upper part of the claypan.

B;. 6% to 16 inches, upper part of clayvpan. Black dense sbructureless clay
which contsins round hard ferruginous pellets from one eighth {0 one
fourth inch in diameter.

B;. 16 io 38 inches, same as layer above, except that the color is slightly
lighter, passing info grayish brown in the lower 3 inches,

B, 38 to 42 inches, upper part of zone of lime accumulation. Grayish-brown
friable structureless silt loam containing an sbundance of lme earbon.
ate. The lime ocecurs in finely divided form and as & coating in rost
eavities. Stresks and spots of wron are also plentiful.

By. 42 to 60 inches, appears to be the zone of maximum lme zcecumulation.
The material is hghter in eolor than that in the layer shove and contains
ymg eoncretions, some of which atiain & diameter of three eighths of an
inch.

B;. 60 to 84 inches, o transitional layer, in which the material is grading down-
ward fo unleached loess. ILime is present but is less visible than in the
layer sbove. Iron is abundant, and ferruginous tubes oecenr usually in
a vertical position.

C. 84 fo 96 inches, the parent material copsisting of Peorizn loess. Pale
grayish-yellow structureless silt. Contairs an sbundance of iime, but
there is no visible concentration.

CRETE SCILS

As we pass from the friable loess soils in eastern Nebrasks and cross
the veguely defined belt of predominantly black claypan soils, we
come t0 the first belt in which the claypans have developed under
the influence of the normal precipitation without the addition of run-
off from higher lands. The precipitation in the region where the
Crete soils attain their maximum and most extensive development
ranges from about 26.5 to 28 inches. The soils of this belt have &
brown claypan layer, slightly less dense than that of the Fillmore
soils, but usuelly as thick. A typical profile of Crete silt loam ob-
- served on the level uplands near Hastings, Nebr., is described. A
semple of this soil was collected and used in the laboratory investi-
gations.

Location: 350 yerds south of the northeast corner of sec. 8, 7. 6 N., R, ¢ W.

Adams County, Nebr. Pit dug to & depth of 7 feet on west side of road.
Topography: Nearly level area on a smooth plain,
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Vegetation: Western wheatgrass and June grass, with some big bluestem.

Draingge: Surface drainege slow but good. Underdrainage poor on agcount
of claypanlike subsoil, . . .

Ay 0 to 13 inches, very dark grayich-brown structureless silt loim mulch,

As. 13 to 4 inches, 2 laminated layer. Very dark grayish-brown frisble lami-

" mated silt loam. Crushes no lighter than broken surface.

As. 4 to 20 inches, very dark grayish-brown faintly granular or structureless
iriable ailt loam. Crushes dark grayish brown. .

B,. 20 to 38 inches, & claypsn layer. Brown or dark grayish-brown dense clay
with & prismatic séructure, The structural aggregates are slightly longer
vertieally than horizontally but do not exceed one half inch in any
dimension, This laver becomes light grayish hrown and a Little more

__friable in its lower 3-inch part which rests directly on the lime zone.

B,. 38 to 60 inches, the ime zone. Very light grayish-brown structureless silt.
Lirce is sbundant in disseminated form, as soft spots and splotches, as
cm&inga on the surizces of ecracks, and ss oceasional small hard con-
cretions.

C. 60 to 84 inches, raw Peorian loess. Very Lght grayish-yellow structureless
silf, Lime iz abundant, but there is no layer in whick it appears to
bave accumulated.

HASTINGS SOILS

West of the belt of dense brown claypan soils is the belt of Hastings
.soils. These soils have developed under less moisture than those of
the Crete belt. Throughout the ares of their distribution in Adams,
Kesrney, Fraoklin, and Webster Counties, Nebr., the annual pre-
cipitation ranges from sbout 25 to 26.5 inches.

In other areas, as in those around the northern edge of the Crete
belt, the precipitation is equal to that in the Crete belt, but the land
surface is more rolling and less of the moisture has penetrated the
ground. Aside from the eastward-extending spur of the Hastings
soils, where the vegetation is of the tall-grass type, the Hastings bﬁt
is in the eastern part of the mixed-grass prairies. Here the moisture
supply is not quite sufficient to support the purely tall-grass type of
vegetation so common in the soi %elts farther east. Tall grasses
domingte, but short grasses are beginving to appeer.

Owing to decreaseg moisture, the upper part of the subsoil in the
Hastings soils is not so dark, thick, or dense as the corresponding
layer in the Crete soils. However, it is by no means friable and is
usuelly regarded as semiclaypanlike in character. _

The following profile of Hastings silt loam was observed in Sherman
County. This is outside the principal belt of Hastings soil but is
typical of the series.

Location: 300 yarde north of the southwest corner of sec. 4, T. 14 N, R. 18
V;r., Sl&erma.n County, Nebr. Pit dug fo 2 depth of @ feet on east side
of road.

Topography: Tabular spur on nesarly level plain.

Vegetation: Big bluestem and western wheatgrass.

Drainage: Surface drazinsge and underdra’nage well established. No erosion.

A1 0 to 6 inches, very dark grayish-brown structureless silt loam. Thickly
meabted with grass roots. No color change when crushed.

Aj;. 6 fo 20 inches, very derk grayish-brecwn struciureless or very faintly
granular ailt loam. Crushes grayish brown.

B;. 20 to 30 inches, upper part of zone of mazimum eompaction. Very dark
grayish-brown moderately compact silty clay loam. Cloddy. The
meterial crushes light grayish brown but iz crushed with difficulty
between ihe finger and thumb.

B,. 30 to 43 inches, Iower part of zone of maximum compaction. Same as By,
except fbat the material in slightly lighter in color and & little more
compact.
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-~ B 43 to 57 inches, a transitional layer bebween zone of maximum compaection
"~ and Lime zone. Very light grayish-brown stniétureless frizble siit loarm,
Crushes ne lighter than s broken surface. Thia layer ccntains seatfered
rust-brown ferruginous.spets snd eplotches. The miaterial shows no

_ effervescence “vhen acid is applied. _

B,. 57 to 78 inches, the zone of maximum ecarbonate carichment, Very Light
grayish-brown stroctureless silt. Lime is abundani, ceccurring es
AImlike coatings on the surfaces of eracks, in myceliumiike arrangemens,
and in disseminated form. The layer alsc eontains a few filled rodent
burrows, in which the material is dark colored and free from lime.

. 78 to 108 inches, the parent Peorian loess. Pale yellowish-brown structure-
less silt. This material is vich in disseminafed lime and also contzing
scattered lime conerétions fromn one sixteenth to one eighth ineh in
diameter, but there is no layer in whieh the carbonates appear to be

concentrated.
HOLDREGE SOILI

West of the Hastings belt are the Holdrege soils. They have devnl-
oped under a precipitation ran E from about 20 to 25 inches per
annum and occupy the central and western parts of the mixed-grass
prairie region. In the eastern part of the Holdrege belt, where the
precipitation is greatest, tall and short grasses are about equally
abundant, but m the western pars short grasses dominate. These
soils differ from those of the Hastings series only in degree of claypan
development. A _thin, rather tight layer is develo]lned in the upper
part of the subsoil in nearly all of the more nearly level areas of the
Holdrege soils. This layer, although thinner and less compact than
the corresponding layer in the Hastings soils to the east, otherwise
has most of the characteristics common to that layer. On the more
rolling areas the tight layer almost disappears in the Holdregc soils.
Following is a description of a typical profile of Holdrege silt joam:

Location: 2,400 feet west of the northeas* -orner of sec. 20, T.sN,R. 10W,
Phelps County, Nebr.

A;. 0 to 4 inches, derk grayish-brown struetureless or laminated silt loan.

As. 4 ta 7 inches, very dark grayish-brown laminated ailt loam. Crushes o
dark grayish brown.

A, 7 to 18 inches, very dark grayish-brown mesly silt loam. Crushes to a
slightly lighter color than erushed material from the layer abave.
Horizon hes imperfectly developed columnar form. It corresponds, in
its prefile position, %o the granular layer of soils farther east.

B;. 18 to 30 inches, the zone of maximum compaction. Grayish-brown moder-
stely compact silty slzy loam. Material seems to be made up almost
entirely of worm and insect borings. Tt ig cloddy.

B;. 30 to 49 inches, light grayish-brown friable silt lJoam which is somewhat
cloddy snd contains very little lime. Borings are 45 numerous as in
layer shove. Thie is a transitional layer between the zone of maxi-
mum cempaction and the lime zene,

B;. 49 to T2 inches, light grayish-brown structureless gilt. Carbonates are
abundant, occurring chiefly as filmlike costings on the surfaces of clode
or of eracks and also in dendritic filaments.

C. 72 to 96 inches, parent loess of light grayish-brown color. Lime is abundant,
but carbonate segregations are rare.

EEITH 8003

A little west of 100° west longitude, where the precipitation drops to
less than 20 inches per annum, soils of the Xeith series are developed.
These soils are definitely in the short-grass prairie region. The
decreased organic content has resulted in dark grayish-brown or
chestnut-brown surface soils which contvast rather sharply with the
darker surfoce layers of the Holdrege and Crete seils, especially if
typical samples ate compared, The Keith soils have been less thor-
oughly leached than any of the well-dramed loess-derived soils farther
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east. They have s barely perceptible compaction in the upper part
of their subsoils, The profile of Keith silt loam collected is described
as follows:

Location: 1,628 feet north of the southwest corner of sec. 34, T. 14 N., R. 36

W., Dundy County, Nebr.

Topography: Very gentle slope in gently undulating plain.

Drainage: Good surface drainage and underdrainage. No erosion.

Vegetation: Western wheatgrass and gremna grass.

Ay 0 to ¥ ineh, grayish-brown structureless silt loam.

A;. % to 3% inches, chestnut-brown laminated silt loam.

B,. 8% to 14 inches, dark grayish-brown friable structureless or mealy silf

© loam. Worm and insect borings snd easts rather numerous. Material
bregks into seft elods of irregular sizes and shapes.

B;. 14 to 21 inches, upper part of lime zone. Grayish-brown cloddy friable silt -
loam. Limy. Carbonates oceur in small soft spots, in —lotches, and
ag filmlike contings on the eurfaces of clods. Borings véry abundent.

B3 21 to 33 inches, the zone of maximum lime accumulation. iight grayish-
brown structurcless silé iowm. Lime very abundant, oceurring both in
disseminafed torm and ss coatings on clods. Material breaks into
irregular-shaped clods which are moderately hard o erush between
fingers and thumb.

6.2 33 to 40 inches, very light grayish-brown structureless silt. Very limy.
Material breaks into rather definite elods of various sizes and shapes,
but they are soffer than in layer above.

7.2 40 to 48 inches, same as layer above, except it has & fioury consistence.
In this horizon very little of the lime is visible, most of it being in dis-
seminated form. .

82 48 to 72 inches, the parent loess. Light grayish-brown fioury silt. Limy.

9.2 72 to 96 inches, same as layer above,

PHILLIFPS SOILS

The Phillips soils of northerr Montana represent a group of soils
which have developed a claypan layer. The sample under investiga-
tion was teken in an extensive area in northern Montena. The
Phillips soils in this area have their most eastern exiension in the
southern part of Phillips County and stretch as an irregular belt in a
northwesterly direction across the northern part of Blaine County
and the northeastern corner of Hill County, and thence for an un-
known distance into Canada. The alevation of the area ranges from
2,240 to 2,500 feet above sea level,

The mean annual precipitation is slightly more than 13 inches,
and the mean annval temperatuyre is about 45° F. The surface relief
is flat or very gently undulating, and over the greater part of the area
the precipitation is retaincd by the soil upon which it fulls, The
surface covering, which is the parent material of the soils, is glacial
drift. The area covered by this soil is well within the plains grass-
land with its short-grass vegetation. The normal soil developed
under the climatic and vegetative environment has a moderately dark
grayish-brown surface layer, a slightly heavier upper subsoil layer,
and a carbonate accumulation at a slight depth %elow the surface.
The development in the Phillips belt of an extremely comnpact layer
would indicate a difference in the composition of the parent material
- from that of the normal soils of the aren. The location and deserip-
tion are as follows: |

Locatien: 20 miles south of Malta, Moznt.

Aj 0 to 1% inches, a dust mulch,

A;. 1% to 4inches, a dark grayish-brown laminated layer, with bloeky breakage,
net columnar; laminations disinet when the material is broken out.

# Q herizons not distingnizhable in the Seld.
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B,. 4 to 9 inches, grayish-brown columnsr fine sandy loam, somewhat ecom-
: pact in position. Apparently segmented hardpan columns, -

B;. 8 to 19 inches, dense claypan layer, darlc grayish brown, distinetly col-
umnar; eolumns one half to 1 inch in diameter; material very compaoct in
position but breaks into small blocks when dug out. ) .

B;. 19to 36 inches, the layer of greatest apparent lime accumulation. Material
ghg:: and olive hrown, firm in position, breaks out in finely compact

ods.

B,. 36 to 54 inches, similar to layer above, except there s more olive brown
and lese white, apparently less lime; clods slightly softer.

C. 54 to 64 inches, grayish-vellow or olive-yellow friable clay loam. Structure-
less glacial drift. This sample carefully taken with post-hole digger.

FARGO SOILS

The Fargo soils represent the profile development of the lacuatrine
deposit in the region of the former Lake Agassiz in Minnesota and
North Dakota. The normal development is without a distinct
claypan, although the subsoil is very heavy clay: In the Fargo soils,
the claypan occurs in localized spots ranging from 10 to 60 feet in
diameter. In some areas these spots make up more than half the
total surface. The prevalent natural vegetation is that of the long-
grass praivis region. The claypan spots occur in slight depressions
in a generally flat surface. The mean annual ra,infaﬁ is about 21.5
inches. The profile development is of the solonetz type and is strik-
ingly uniform wherever developed. The field evidence of podzoliza-
tion is in the light color of the A; horizon and the very great contrast
with the texture of the B horizon. The sample studied was collected
by C. C. Nikiforoff at & point about 30 miles south of Moorehead,
Minn. The profile ia described as follows:

Ay 0 to 6 inches, very dark groyish-brown or black materfal. Structure
usvally finely granular. This surface soil is not noticeably different
from the surface layer of the surrounding areas.

Az 6 to 10 inches, Hght-gray or ash-colored material. Loose with laminated
structure, the lamine being very fragile. Material erumbles easily into a
leose light-gray powder.

B. 12 to 20 inches. This horizon begins abruptly. Black material, extremely
bard and compaet when dry, plastic when wet. Most of the columns
range from 1 to 2 inches in diameter, and the dense upper part is usually
from 4 to 6 inches in length. When degradation has procesded to any
depth the columns are rounded and have a white coating over their
rounded tops. Below the dense part the columnar form is gradually
lost and the material bresks up into irregulsr blocks,

C. 82 to 48 inches, the parent material of lacustrine clay.

McLEANSBORO EOILS

A considerable area of southern Illinois is covered by a soil char-
acterized according to an older nomenclature as a gray silt loam over
light clay. A profile of this soil was collected at a point 6 miles west of
McLeansboro, Hamilton County, on route 15. 'The county has not
been surveyed, but the soil is, apparently, soil no. 1, according to the
new State nomenclature. It 1s the characteristic soil of the flat areas
of the district. The hardpan is very dense and nearly impervious to
water, but it dries out, ﬁaaving large eracks through which some

drainage takes place. The mean annual rainfall of the ares is high,
40 to 45 inches, and the removal of colloid from the A horizons is very
marked. The description of the profile follows:

A;. 0 to B inches, dull-brown silt loam, soinewhat dark.
A;. 8 to 12 inches, pale-yellow silt loam.
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B;. 12 to 16 inches, heavier than A,. Consists of or containg well-defined small
strueture perticles, each of which is coated on the outside with bluish
or bluish-yellow material. Tke insides of the particles are reddish.
Mass ig of loose consistence.

B;. 18 fo 19 inches, & gray layer consisting, like B;, of smal atructure particles,
each of which is covered with a coating of gray powdery material, the
ingide of each particle being reddish brown or yellowish brown in color.

Bs. 19 to 26 inches, elaypan made up mainly of angular strocture particles
ranging up to an inch or less in diameter. Each particle is coated with
dense black material, and the ineides of the particles are of rust-yellow
color traversed with small black etreaks,

C. 284 inches, moderabely heavy parent material breaking info irregular clods.
The materizl in most places is ruat yellow or pale grayish yeliow and
confains many small biack spots angd streaks,

METHODS OF EXAMINATION

The mechanicel analyses were made by the pipette method de-
scribed by Olmstead, Alexander, and Middleton (21). Included with
the mechanical anal;Fes are determinstions of organic matter by
hydm% n peroxide his method ss used is not one of precision; snd
whea but small quantities of organic matter are present with consid-
erable soluble inorganic matter, the inorganic matter is not reported,
The chemics]l analyses of the soils were made according to tge pro-
cedure described by Robinson (26). The colioids were extracted from
the soils with the sid of the supercentrifuge snd essentially as de-
scribed by Brown and Byers (7). In none of the horizons extracted
was it found desirable to use any egent to assist the dispersion in water.
Five hundred grams of the soil were kneaded to a plastic mass and
dispersed by hend rubbing in 10 gallons of distilled water. The
resulting suspension was centrifuged at a rate of 17 seconds per lifer
at & speed of 17,000 revolutions per minute (diameter of bowl, 4 inches)
The colloidal partxc]es remaining suspended were ce.rtamlv less than
1 i in diameter and probably few exceeded 0.3 z. The dispersion in
the same water, after filtration, was repesated four times. The result~
ing colloid was collected on Pasteur-Chamberland filters by suction
and amounted to 30 to 80 percent of the quartity of colloid shown by
mechanicel analysis. The finel drying of the éclloid was effected on
& steam bath,

The colloids were analyzed by the same methods employed for the
soils. In ealculating the “‘water of hydration” the ecarbon dioxide
content, as well as that of the orgenic maftter, was subtracted from
the loss on ignition.

The pH valies of the soils were determined by the use of the hydro-
gen electrode as described by Bailey (6). The approximate salt con-
tent was determined by use of the electrolytic bridge, as described by
Davis (11). Al samples were air-dried.

The water-vapor absorption of the c¢olloid was determined by the
method deseribed by Robinsen (26) and Middleton (19,

Because of the large quantity of enelytical deta, it is presented in
separate tables for each soil examined, together w1th a brief discussion
of each table. These tables are followe by a series of tables which

resent certain dsta which are derived from the snalyticel results.
B‘mally & résumé of the more pertinent features is presented.
1207 —a3—32
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ANALYTICAL RESULTS
TEE FILLMORE PROFILE

Fillmore silt loam is_the most highly westhered of the group of
Nebraska soils examined. The data obtained by mechanical analyses
ere presented in fable 1. The chemical analyses of the whole soil are

reselrﬁt-ed in table 2, and the analyses of the extracted colloid are given
m teble 3.

TasLn l—Meckanical analyses of Fillmore silt loam !
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1 Anzlyses by H. W. Lakia and 'T. M. Shaw.
¥ Otgapnic matter nof present i ex.ses of &.4 percent.

The mechanical enalyses indicate a very striking case of uniformit:
of texture throughout the profile so far as the sands are conceme({
The chief difference between the horizons is in the relative amounts of
silt and clay, which together make up from 87.8 to 94.9 percent of the
total soil. In the claypan zone, the B, and B, horizons, the clay con-
tent is nearly 100 percent greater than in A, and A, and is also greater
than in the lower horizons. It 3s to be noted that the colloid content
is greater, relative to the totel cley, in all horizons than in the A, snd
A borizons. These facts when taken in conjunction with the addi-
tional fact of higher organic content of the A, and A, horizons are indi-
cations of enrichment of the lower strata by illavistion. These values
are to be noted particularly since translocation of colloid particles,
as so indicated, is less marked in certain of the other profiles.

Table 2, showing the chemical analyses of the whole soil, likewise
indicates eluviation of the upper horizons. The high silt content is
reflected in the high silica of the A, and A, horizons. The lower
silice. and hiﬁher iron end alumina content of B; and B, sre due o0
increased colloid present in the hardpan, while in B, and B, the

resence of the carbonste accentuates the decrease in silica contens.
I.)[‘he transfer of materiel indicated by the silica relations and by the
incresse of calcium carbonate is also indicated by the hydrogen-ien
concentrations of the horizons which gradually decrease, with in-
crease of pH, until the value corresponds to that of caleium carbon-
ate. The same relation is also indicated by the soluble salits which
resch o maxitmum value in the layers immediately beneath the hard-
pen. The high values of the potassium and sodium content of the
soil and their relations to the content of the same elements in the
colloid indicate the presence of appreximately 20 percent undecom-
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- posed feldspars in the silt. This indication from the snalyses was
confirmed by petrographic examination (24).

The relative constancy of the content of the alkalies and, indeed,
of all the minor constituents of the soil, other than of magnesium and
calcium, are further indications of uniformity of the parent material
ﬂg}d that the translocation which occurred is essentially of colloid
only.

TasLe 2 —Chemical analyses of Fillmore sl loam 1

Bample no. | Harizon Deopth | 8i0: | Fey0; | Ala0Qs | MgC { Ca0 | E:0Q | NauC |, TiO:

Pereent Percent| Percent| Pereent] Percent| Pereend
71.93 L T4 046 06 1.25 2311 L4 0.63
L 75.400 5 10,4 .88 . 5 1.65 .
- a7, 04 4.09 . .
88. 70

Bolubila
saltgd

Pereent| Percent] Percent
8.88 0.16 | 100.01

100, 06
.05
.05

g sm
0 O S et

1 Doterminations (except pE and solubla salts} by 7. &. Bmith.
T C02 of the earbonates.

1Detarminad by bridge method.

#Trace.

The colloid analyses (table 3) represent the composition of the
colloid extracted from the various horizons by identical treatment.
The quantity ranges from 37 percent of the total colloid present to
79 percent, reckoning the quantity of colloid found by mechanical
a,nafyses as 100 percent. The dist'mctlf' acid horizons are less easily

dispersed than those approaching the allaline range. The more dif-
ficultly dispersible material is also highest in organic matter. The
colloid throughout is characterized by 1ts uniformity of chemical com-
position when due allowance is made for the organic matter of A, and
A, and for the presence of carbonates in the B; and B, horizons. The
parallelism between the organic matter and the content of manganese,
phosphorus, and sulphur is usual. The deficiency of magnestum in
the A, horizon and the larger quantities of calcium and potassium,
as compared with the A, horizon, may be noted, since this pecnliar-
ity is confined to this soil type among the chernozems reported in
this investigation. Though it is more Irequently encountered in the
colloids from humid soils, if is bﬂ no means general (9).

The degree of uniformity of the colloid composition is more read-
ily revealed by the set of derived data given in table 4.
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. Tasrw 8. —Chemical enalyses of Fillmore s#lt loam colloid

Collofd
8ample na. Horlzon Depth oax- 810y | Foi0s | ALO3 | MgO | Cad
. tracted|

Percent| Percent: BPereené| Percend| Percent
88| 40.51 17. 6% 1.97 107
18. 53 2.78 1.%5
21.42 2.78 L37
21.0G 2.6 1.78
18.13 3
18.01
20. 60
20. 26

Bumpls po. Horizon Nei0

Percent
100, 63

q;;n:-‘u -
258F | £8

L e
BR-&ER

Datermined by combustion methed (Q0aX0.471).
C0O; of the carbonates,
LT'raca.

Tasre 4.—Derived date: Fillmore silt loem colloid

Molecular ratio

Water

Hampls no. Horlzon, of hy-
Bi0s 810y dration

Fea0h.ALO; | FeaOy

Inches Pereent
0 -2 £.79
4. 58
6.98
T7.4%

POPaDIPILI 09I
O3 00 =1 €0 ha S =l
=) S
B g
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HEREENRN
= i b € 79 B0
SHsRERER

216

| Dachonates deducted, .
l?n%ar of hydratlon plus the water equivalent of the bases, corzected for organic matter and earbonate
content.

The uniformity of the ratios is remarkable and, indeed, scems to
indicate that we are dealing with the same substance throughout the
profile. There are, however, differences which may be noted. The
silica-sesquioxide ratio is higher in the A; and A, than in the claypan
horizons, There is a minor alteration in the silica-ferrie oxide ratios,
and of the ferric oxide-alumina ratios, which indicates a very slight
amount of fractionation of the colleid which is so marked in podzol
soils (3, 7). The colloid of these soils, when the orgenic matter is
removed by hydrogen peroxide, is grayish white, and this would
seem to indicate that but a very small quantity of ferric oxide or
hydroxide can be present as such. The silica-alumins ratic indicates,
.88 does also the presence of feldapars in the soil, a comparatively low
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' degree of weathering or of removsl of silica by leaching. The silics-
total base ratio is feirly uniform throughout the profile, though
~despite the supposedly stron_% base-holding power -of organic matter,

e

* the total bases present are least in the A, horizon. The water of

‘hydration is somewhat variable, but within a narrow range.

" The total combined, water of the soil acid given in the last column
of table 4 is the sum of the water of hydration (the ignition loss less
the coarbon dioxide and organic matter) and of the water equivalent -
of the bases and corrected for the organic matter and carbonate con-
 tent. The quantitiés so arrived st indicate the amount of water
which will result from the ignition of acids of the types sssumed to
exist in colloids, es discussed by Brown and Byers (7) and moru fully
disenssed by Byers (8). If the colloid were & pure acid, which of
course it is not, and were of the montmorillonitic type {see General
Discussion), the water loss indicated should be 10.6 percent, and if of
the pyrophyllic type it should be 13.6 percent.

Too much reliance on the validity of these calculations is to be
guerded against since, as will be more fully discussed after all the
data are presented, they are affected by a number of sources of error
of unknown magnitude.. These irclude uncertainty of quantity of
organic matter, the probable presence in the colloid of undecomposed
rmineral particles of colloidal size, and the lack of evidence that
““combined water” is limited to that present at 105° C. It must also
be observed that the water equivalent of the bases includes any bases
present in the organic matter. The remarksble uniformity of com-
position indicated by the corrected water values in the last column
may, however, be regarded as a final bit of evidence that the colloid

of the Fillmore gro’ﬁle is, so far as its inorganic material is concerned,

te chemical substance,
THE CRETI PROFILE

As mentioned in the introduetion, the Crete soils are associated
with the Fillmore soils in the same area but occur where drainage is’
good. Farther west, with lower rainfall, they occur under nearly the
same conditions as do the Fillmore soils lymmg to the east of them.
The particular profile for whick anslytical data are given in tables
5, 6, and 7 is from an area only a few miles distant from the Fillmore
profile given in tables 1, 2, and 8. It has therefore developed under
practically identical conditions, except for better drainage and as a
conssequence with probably decreasedp hydrolysis and less leaching.

essentially a de
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In mechanical composition (table 5) the lesser degree of weathering,
as compared with the Fillmore silt loam, is indicated by the somewhat
larger percentage of silt and smaller percentage of clay in the A, A,,
and A; horizons and by :a less marked translocation of colloid to the
B horizon. Perhaps tlhess differences may be ascribed to better
surface drainage on slopss, or less rain on flats, and in part to better
. undardrainage which gives rise to a deeper penetration of translocated

colloid before an impervious layer is developed. To better drainage
is t¢ be ascribed, afao, the almost complete removal of carbonates
from the profile, as shown in tables 6 and 7.

TaBLE -6.—Chizmical analyses of Crele #ilt loam s0il!

Bampla no. FegOy Mg0O | O=0

Pereent Péreent
1.36 . 0.87
2.01 . .95

3.12 3 1.05

&
4.
4

Teni-
Horizon tﬂﬂn
Joss

Inches Fercent Percent |Pereent
6 -1 .14 100.08 Q.
13- 4 L . 3 L] 0. 78
| 4 =20 . . . . 100, 64
] . . 3 . 0,82

{38 0 . . 4, . 100. 02
] 60 -84 . . . . 93,65

i Deterntlontions (except pH and soluble salts) by T. 3. Bmith,
1 C Oy of the carbonates.
: %;l;g;miuad by bridge method.

The effect of improved drainage is also shown in teble 6 by the low
soluble salt content of the A horizons and the, by contrast, nigh con-
tent of the layer immedistely beneath the claypan. The drier
average state of the Crete soi{ as compared with the Fillmore, is
indicated by the higher pH values of the A horizons and agein by the
lower content of organic matter as measured by hydrogen peroxide
treatment. In other respects the general relations shown table
6 indicate a close similarity of the Crete and Fillmore profiles. If
proper allowance be made for the potassium and sodium in the colloid
the results indicate very clearly the presence of undecomposed
feldspars in the silt and very fine sand. The analysis of the whole
soll (teble 6) indicates essential constancy of composition except for
translocation of colloid, .

The analyses of the colloid (table 7) likewise indicate a greater
degree of permeability and relative dryness of the Crete soil, which
may be assumned to be the reason for the marked uniformity of the
colloid. The quantity extracted by identicel treztment without
dispersing agent is not widely different in the different horizons, the
range bel_nf from 49 percent In the A, horizon to 78 percent in the Ba.
‘The colloid differs most markedly from the Fillmore colloid in the low
content of calcium carbonate in the lower strata and in the organio-
matier content of the A horizons,

»
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TasrLe 7.—Chemical analyses of Crete ailt loam colloid

CoTloid

Hampls na. Horizon a1~ 810y
tracted ]

7]

nepgsa
§

RBREE

Horizon 1 ganie | OOy

Pereant

] 0.09
.06
. . - b ., .47

B1C4 C . . . . \ X . .30

\ Determined by combustion method (COs X 0.471),
¥ 304 of the carbonates.

The average content of potassium oxide in the Crete colloid is 2.42
percent and in the Fillmore is exactly the same, while the same con-
stifuent is 2.40 percent in the soil of both. This apparent identity
is more fortuitous then reel, since the content of organic matter and
of carbonates are both greater in the Fillmore soil and colloid, The
figures, however, do indicate an essentielly like degree of saturstion
of the two colloids by this rot reaedily exchangeable base and lends
emphasis to the sssumption that both colloids contsin the same soil
acid. This essumption is best established by & consideration of the
date derived from the colloid analyses aund given in table 8.

TanLe B~—Derived dalg: Crete sill loom colloid

Molecuiar ratlo

SBmmpls no.,
810 BlO3 | BiC: | FeaDs
FepOy. Al: Gy AlDr | AlrOy

HT@TICM
BR3An

1 Carbonstas dedueted,
1 :Zg:mr of bydration pins the water equivnient of the bases, corrgeted for organle mattor nnd carbonate
oon! "

The silice sesquioxide ratios shown by the Crete colloid sverage
3.42, and those of the Fillmore average 3.63. The corresponding
averages for the silica-alumina ratios are 4.25 and 4.50, respectively.
Teken by themselves, these valuss seem to indicste a greater depree
of hydrolysis in the Crete. Itis probable, however, that the relatively
small differences noted are due to the removsl of silicic acid by better
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drainage In the Crete. Some translocation -of iron oxide downward,
ie., fractionation of the colloid, is indicated by the decressing silica~
ferric oxide rafios and increasing ferric oxide-slumina ratios. This
indicates that podzolization is slight.

More importent is the silica-total bese ratio, which is mnearly
uniform in the Crete profile, while it is less constant in the Fillmore.
In both soils, however, if the crganic content of the colloid is taken
into eccount, the evidence of definite composition is strong. This
definiteness is still more strongly emphasized by the combined water
of the soil acids. The mean value of this quantity for the whole
profile iz 10.33 percent. When one considers the known sources of
error in computing this component, aside from the unavoidable
unalytical errors, the constancy is surprising.

THE HASTINGY PROFILE
The Hastings silt loam sample, the analytical data of which are

ﬁiven in tables 9, 10, and 11, is from Sherman County, Nebr., a
ittle fo the northwest of the Fillmore and Crete samples, but it is
representative of the soils lying directly west of the Crete ares and
which are developed under lower rainfall than are the soils previously

djscussedl.

TasLE 9.—Mechanical analyses of Hastings silt loam 1
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L Analyses by H. W. Lakin and T, M. Bhaw,

The data given in table 9 indicate that the lower rainfall and con-
sequent lessened percolation have produced less differentiation
between silt and clay in the A end B]imrizons than in the Fillmore
and Crete soils and may be responsible for the greater quantities
of very fine sand. This condition results in greater permeability,

" more complete drying between rains, and decper penefration of the
emaller quantity of water available, These characteristics of the
soil are slso shown by the data given in table 10 by the less sharp
concentration of carbonates and at a greater depth, by the mild
acidity of the upper four horizons, by the uniformity of the distribu-
tion of the silica, and by the incressed sodium conteni of the soil.
,_&sdlm th&a previous profiles, the presence of unweathered feldspars is
indicated,
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TasLe 10.—Chemival analyses of Hastings silt loam soill

{% Sarople no. | Herizon Dapth | - | Fenlly | Al0: | M0 | CaO [ KO
L

Tneches | Percent | Pereent | Pereent | Percent
- & . 200 1220 0. 1. 60 2.47
6- 20 N 13. 41 . 1,44

20~ 30 3 14, 00 . Lz

30- 43 . 14,32 - L57

43~ b7 . 14.01 . 1.76

4 57— T8 % 1. 50 . 241

78-108 X 2 12,80 . Lg8

BT

Horizen

Pereent
T
A

i+ Doterminations (except pH and solubls =ults) by J. G. Smith,
1C0; of the carhonates.
! Dietermined by bridge method.

In the colloid gnalyses of table 11 may be noted the high organic
content of the A horizons, which is associated with increased sulphur
and phosphorus, although the organic content is lower than that of
the Fillmore profile. A point of considerable interest is that colloidal
caleium carbonate exists throughout the profile in small quantity,
though the quantity in the soil itself is so small that it was not re-
ported for the upper three layers of the soil. An interesting, though
not surprising, result of the increased permeability of the soil is that
though the weathering is less, as indicated by the colloid content
(table 9}, the leaching of that which is produced is greater, as indi-
cat(-led by base content shown in table 11, as compared with tables 2
and 7.

TasLE 11.—Chemical analyses of Hasitngs sill loam colloids

f Colloid
Bemple no. Horizon Depth extrcalct- Bi0: | Fea0p | A0y | MgO | Ca0
=]

g
3

(Pereent| PercentiPercent| Percent| Percent| Pereant
A 0 685 | 4H.81 20,28 2,37 109
At 40, 40
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! Determined by combuoation methoed {COaxX0.471).
1 CO; of the carbonustes,
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The essential cha.r&ct.eristics of the colloids of the profile are indi-
cated by the derived data shown in table 12, .

TAELE 12.—Derived dota: Hastéings silt loam colloid

Molecular ratio Co.n.l-
o Water | blned

Sampls no, il - | Teter
P BI0; EiQs | Bi0: | Fes0s Patin| of the

Foi01ALD: | Forls | ALO; | AliO; =,

Pereznl| Percent .
0.43 11,98
867
.15

0. 237
i7.63 . ]
17,52 . .23 L
19.30 . .z
17. 55 + 263
i7. 85 B -
17.45 . 267

D : T
B
C.

2Y2HERY
SomuNmo
BRIRREER

! Carbooates deducted.
1\t:'§fer of hydration plus water eguivalent of Lhe bases, eorrected for organic matter and carbonate
content. .

The silica-sesquioxide, silica-alumina, and stlica-total base ratios
all indicate a sharp transition to colloid characteristic of the C
horizon at a depth of 43 inches. This may be taken to mean that
the zone of carbonate accumulation has been weathered to practi-
cally the snme extent as has the C horizon. The increased leaching
of the colloid, heretofore mentioned, is shown by the lower silica-
sesquioxide and silica-alumina ratios of the Hastings colloid, as
compared with the Fillmore (teble 4). The leaching effect is accom-
panied by incipient fractionation of the colloid, as shown by slight
alterations in the silica-iron oxide and iron oxide-alumina ratios. On
the whole, however, the composition of the colloid is essentially the
same throughout the profile, so far as its inorganic negative complex
is concerned, and the differences are due to the translocation of
colloid as a whole. The silica-total base ratios indicate the slightly
more extensive leaching of the bases from the upper horizons. Tho
attention of the reader is again directed to the water relations. The
greater leaching of the colloid, despite less water, is shown by the
magnitude of the water of hydration, as compared with the corre-
sponding quantities shown by the Fillmors and Crete soils, and cor-
responds to the assumed existenco of a -definite soil acid. The water
of ﬂydmtion decreases ns the ratio of silies to total base decresses;
ie., with increase of base saturation. When to the water of hydra-
tion is added the water equivalent of the bases and these values are
corrected for orgunic matter and ealeium carbonate content, the

uantities listed in the last ecolumn of table 12 are shown. While
these quantities are not so constant as those for the Fillmore and
Crete soils, they are very important as exceeding by a small margin
the maximum content to be expected for montmortonitic acid ¥),
though short of the quantities required for pyrophyllic acid (8).
{See Genaral Discussion, p, 37.)

THE HOLDREGE PROFILE

The Holdrege silt loam profils reported in tables 13, 14, and 15
was collected in Phelps County, Nebr,, still farther west, in a drier
aren and at a greater elevation than those previously diseussed.
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_Tavre 183.—Mechanical analyses of Holdrege silt loamt
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1 Analyses by H, W, Lakin and T'. M. Shaw.

* Organic matter not present o areess of 0.4 ﬁercent.

This soil is different from those previously discussed in that it can
scarcely be said to have either a (}i'istinct hardpan or a zone of car-
bonate accumulation, though developed from fthe same parent
materiol,

" The mechanieal analyses (table 13) indicate a very marked uni-
formity of texture throughout the profile, the maximum qifference
in clay content being between the A, horizon and the B,, and this
difference but 11 percent of the whole soil. The decrease in weather-
ing is most sharp?y indicated by the higher values of the very fine
sand content as compared with the soils previously discussed. This
relative coarseness 1s most marked in the A; horizon and may have
been effected by wind erosion. It would appear that the transloca-
tion of the colloid is less, by reason of the lesser rainfall. At the
same time, the soil is more permeable and less weathered.

TABLE 14.—Chemical analyses of Holdrege sill loam soil !

Sample no. Herizon Depth | 5i0: | FerOy | AlyOp | Mg0 | Ca0 | K20 | NnsO | Ti(n

bl

el
-.I-lhmalggtﬂg
[P =t

Percent| Percent| Percent|
T2 44 1,82 1158
72.82 272 10.88
T 40 . 11. 74

Percent| Percent| Fercent
1.88 0. 52

1.70 .55
L. BY 58
. .62
.52
.55
.62

Ignition] | Solubla
ioss salts ¥

Party
k ner
Pereent) Percent| Percent mitiion
0.43 0,19 0.00 2 560

700

BEANOSD
£t O e D kI

72-86

1 Determinations (preept pH and spluble salts) hy J, Q. Bmith,
105 of tha carbonates.
I Detarmined by bridge method,
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The data in table 14 indicate that, while the permeability of the
soil has allowed the practically complete removal of calcium carbonate
from the profile to a depth of 50 inches and has not resulted in a
marked accumulation of carbonate, at least to a depth of 96 inches,
the wolloid is not eixcessively leached. The zone of accumulation of
soluble salts, as shown by the bridge reading, is, however, immediately
beneath the layer which, in an area of greater rainfall, . would copsti- -
tute the claypan. In this soil, as in all the others, the presence of
undecomposed feldspars is sharply evident.

TasLe 15.—Chemical analyses af Holdrege 53t loam colloid

. Colloid
Bample na. Horizon Depth e_m'gcl.'- BiQ: | Fe:Oa | ALG; | Mzg0

Inches Percent Pereent| P,
04 50

=7

15
18-30
A48
40-72
72-96

Bample na. Horizon Na:0

]

FEEIEETE

790

t Dretermined by combustion method {C0: X 0.471).
1 C Oy of the carbonates.

The data presented in table 15 indicate that considerably more
organic matter exists in colloidal form than is the case with either the
Hastings or Crete soils. Whethor this be a result of the lessened
activities of bacteria in & drier area or a result of the differences in
grass cover is not to be determined from the data at hand. In almost
all other respects the analyses of the Holdrege colloid are strikingly
similar to those of the Hastings colloid. The differences which exist
are more clearty revealed by the derived data assembied in table 16.

TarLE 16.—Derived data: Holdrige sill loam colloid

Molecular ratio Come-
blned ¥
Sample no. Horizon Depth [+ 8i0s BI0: | 801 | Fe:0y hy- &atlitla;

Fe101.4100 | Fer0; | ALiTh | A0:0: 50l agld

18,24 4.9
18. 41 X L2309
17.45 L 245
18. 36 X
18,26 . . 281
17. 65 R « 267
14. B . )

9953 02 a D380 00
d3ga8R
S P BM NN
SEERRRY

1 Corbonates deducted.

3 W:;tsr of hydration plus water equivnlent of the bases, corrected lor argunic matter and carbonate
content.
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The mean value of the silica-sesquioxide ratio in*the Holdrege
colloid is 3.58, in the Hastings 3.44. The éorresponding values for the
gilica-iron coxide ratios are 17.87 and 17.80, respectively, and for the
silica-alumine ratios 4.76 and 4.33, respectively. These all indicate
Jess leaching of the Holdrege profile. This indication is also fur-
nished by smaller numerical values of the silica-total base ratios of
the upper layers of the profile. The silica-iron oxide ratics and the
iron oxide-plinmina ratios of the three A horizons compared with those
for the B, horizon show but the faintest trace of fractionation of the
colloid, The translocation of colloid from the surface downward is of
the colloid as & whole. ‘The combined water of the soil acid indicates
essentially constant composition of the colloid.

THE EKEITH PROFILE

The anslyses of the Keith profile are given in tables 17, 18, and 19.
These samples were coﬂecteﬁ m Dundy County, Nebr., where the
annual rainfall i3 approximately 18 inches. The chestnut-brown
soil which develops is essentially free from clgypan but has & rormal
development of a zone of carbonate accumulation, whereas the Fill-
mores soil, under a rainfall of 32 inches, develops a very marked clay-
pan and carbonate layer. The intermediate soils show claypan
development and less marked carbonate accumulations,

TaBLE 17.—Mechanical analyses of Keith silt loam ¢
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1 Determinations by B. W. Lakin and T. M. Blaw,
3 C horlzona not distinguisbable in the feld.
¥ Orgenic matter not present In excess of G.4 percent.

In this soil the horizonal development is indistinct, even in the upper
part,.and quite markedly so at lower depths. However, the samples
are marked A;, A, B,, and B; for the upper part, and the lower
samnles are simply numbered. Table 17, when compared with table
13, reveals definite differences between the Ieith and Holdrege soils.
The Keith has a much higher very fine sand fraction and definite

uantities of fine sand. The silt and clay together make up only
gbout two thirds of the surface layer, and the colloid content is low.
Surface removal of colloid is indicated, and wind erasion is a possible
cause. Certainly only a relatively small concentration of colloid in
the lower strata is to be noted.
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TibrE 18 <-Chemical analyses of Keith sill loam sofl T

Depth 1 Bi0s | FeaOp | ALO; } MgO } CaQ | KO

Perten
2,48
2,34
32

23

g
§
y
5
§
g

gagaatnng]

P aatn
e
rare
=124

1
RRIBTE

Frnsd
SRR EESEBRE

PamIpo oo pags
BELRD/IRR

-

Bolubie
galtg

Hearizan?

a
2
o
m

Parls

Percent) Pereent Pereent mﬁ?{m

0,10 4.85 f. 1 9. 08 0 580
555
4.70
3.00
4.04
f. 08
8.33
§.34
508

BRE

400
i, 160
1, 400
1480
1,480
1,450
1,400

RRRRRERAR
BERREX

9000 G020 00 20 =5 =4 =4
O 0 CN e B 5 e e

Ll st 8

1 Determinations {excent pH and soluble salis) by 1. G. Smith.
2 C horlzons not distingaishable In the Seld.

# OOy of the carbonales,

¢ Determined by bridee method.

TapLe 19.—Chemicel analyses of Keith sill lonm colloid

Col- .
Sample no. Horizon? Depth (loidex-| SiQ: | Fe:Op ) AL:Og | AMgO | Ca0 | KO
tracted

Percent Percent| Percent | Percenty Percent | Per¢ent
- 40 6,92 3.00 2 242
4. 98 . B84 2.2 Z41
7.13 3.01 2,70 2.3
7. 5 3.37 .53
8.1¢ . 7.69
) X 11,42
i . - 872
i ]

Bompie no. Horkzon ! Nax0

Frches
F, ¥ T )

t O horizons not <istingnishabis In the (eld.
t Datermined by combustlon method {COaX0.471).
% 00y of the carbonates,
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The data given in table 17 show in the layer, 2} to 14 inches,
incipient claypan structure, and there is a corresponding increase of
- the watrer—sofuble salts in the next lower siratum (table 18). In the
fifth and sixth layers is found the zome of carbonate accumulstion.
The whole profile indicates a very low degree of weathering and also
of leaching. The high pH values and low loss on ignition are both
indicative of these facts. The relatively unweathered state is also
indicated by the mechanical analyses and by the high potassium and
sodium content. Abundant feldspar content is e\«‘igent. .

The orranic-matter content of the colleid (table 19) is less in the
Keith soi% than in its neighbor, the Holdrege, but to what extent this
is due to better oxidation or less abundan’ vegetation is not evident.
Low organic content is charscteristic of chestnut-brown soils, The
colloid composition is uniform throughout the profile except for the
increased content of organic matter and sulphur in the upper strata
and of carbonate in the lower part. It is again evident that trans-
location of eolloid is as & whole to whatever extent it has occurred.
The derived date-on this profile are given in fable 20.

TABLE 20.— Derived data: Keith silt loam colloid

Meleenlar ratio

Sample no. Borizon! | Depth
80y Si0s t B0y
Ferln Al | Ferlds § Al:Ch

[
g

19, T}
021
30 44
20. 44
2). 52
i
20, 32
21,02

3.7
A.78
3.62
3. 58
E Ry |
3.60
367
8.3
.72

e e e g e e
EEASBEIR2
S Y L
danasgaar
PN A
THRUZHBYS

L ——

' C herdzens not well deflned.

t Carbonates deducted. A

1 k"n't-er of hdralion plus waler eqnivalent of the bazes, correeted for orgnnic matler amd carbotiate
content.

The somewhat high silica-sesquioxide and silica-alumina ratios of
the first two layers give ground for suspicion of the presence of silica
or feldspathic silieates of colloidal size, but even if present the remain-
ing data indicate that the quantity is small. The silica-iron oxide
and ferric oxide-aluminn ratios of the first and second layers, com-
pared with the corresponding values for the third and fourth, indieata
but a faint trace of {ractionation. The silica-total base ratios average
5.78 for the entire profile and are the lowest for any of the soils exam-
ined. These values, as well as the pH values for the whole soil, indi-
cate that leaching has not been extensive. The combined water of
the soil ncids, when corrected for organic matter and carbonates
present, is so nearly & constant value for all horizons as to leave little
reason for doubt that a soil inorganic acid of essentially constant

composition is present.
THE PHILLIPS PROFILE

As mentioned in the description of the samples, the Phillips profile
has & well-developed claypan, and vet the mean annual rainfall is less
and the temperature lower than in the Keith srea where tho claypan
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is absent. There i3 an essential difference in the parent material
. which, under the Phillips soils, is glacial drift. Moreover, the soil is
a sandy loam, whereas the others reported sre siit loams. In this
area the high winds produce sufficient erosion on the sparsely grassed
areas to remove the surface soils and preduce so-called ““slick spots.”
The analyticsl data on this profile are given in tables 21, 22, and 23.

TaBLe 21.—>Mechanical analyses of Phillips sandy leam 1

sand
mmatter

lna sand

{0.1—0.65 mm)

Sampla no. Horizon

Fipe pravel (21
min)
{1—0.5 mm})
Madium sand
{0.6—0.25 voum)
Flne sand (0.25~
0.1 mm}
' Si)L (0.05—0.005
' mm)
by HyOs

Coarse
Vary

'y | Omasic

.3

5

C3

Tnchex
0 - 114
134 4
4 -8
B 18
1 30
B -5
54 -4

Y
]

e,
053 e W G o P
S

=X y—1. RR1ZY ]

t Determinations by H. W. Lakin and T. M. Shaw,
T Crganic maiter nol resent in excess of .4 percent.

Table 21, the mechanical analyses, shows that the sandy character
of the surface layer persists throughout the profile and indeed be-
comes somewhat coarser, colloid content being considered, as the
depth increases. The silt and clay content nowhere exceeds 60 per-
cent. Marked eluviation of colloid from the A horizons and concen-
tration in the B horizons is apparent. The B horizon in which the
greatest concentration of colloxdp appears (B,) is the point at which the
soil becomes alkeline (table 22). Immediately beneath this layer
the content of soluble salts, as determined by the bridge reading,
becomes considerable, and the pH vaiues rise sharply, becoming the
highest of any of the profiles examined. If the originel soil material
at the surface had the same composition saside from the colloid, the
cause of the deposition of the hardpen would appear to be the floccu-
lation and consequent deposition of colloid, which ultimately by
filtration of finer colloid, as the surface became leached, resultedlv)7 in &
practically impervious layer. That this original materiel contsined
sulphates is not indicated by the analyses, but an examination of the
water-soluble material from the B; horizon shows the presence of 39
perts per million of sulphur trioxide and 339 perts per million of
chlorine. The € horizon shows 159 parts per milion of soluble
sulphur trioxide and but 85 parts per million of chlorine. It would
appear, tharefore, that small as is this alkali-salt content, to it is to
be ascribed the claypan deposition. The part played by slksli in
the “freezing up” of scils under irrigation has been described by
MeGeorge, Breazeale, and Burgess (17). It does not follow that their
coneclusions concerning the role of aluminum hydroxide in the process
are valid. The so0il analyses indicate by their high potassium and
sodium eontent the presence of much undecomposed feldspars. The
high silica content; ogthe profile indieates the presence of free quartz,
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‘TABLE 22.-—Chemical analyses of Phillips sandy loam soil

Horlzon Depth | BiQy | Fer®s | Al:Cy | MgO | Cad | K0 | NwO

i

U YEPRRERTI RN .
[t ad st el nds g
i

Inchea | Percent|Percent |Percent |Percent | Percent] Percent
0 -1 3 LED] D G.65 118 1.50
7554 2 80 . 1.12 184
84| 334 . .
mid) 44
fic 3 B84
X 4,32
X 3.3

F, ¥ M

BRERESE

Yo Tgnitlon
oriZon UIDBS

=
M

FPereent [Percent
100. 27 5. 00
106, 17
10G. 08
100,31
100, 18
100, 22

90,84

i Determinations (except pH and soluble saltsg by 1.
! Detarminations (exiopt pH and soluble salts) by G.
¥ CO; of the carbonates.

+ Detormined by bridge method.

Q. Bmith.
Edgington.

TaBLE 28.—Chemical analyses of Phillips sendy loam colloid

Col-
Sumple no. | Horlzon :oidg& BlO: | F&a0y | Allh | Mg0O | CaQ | K0 | NaO
A

Pircent |Percent [ Percent Percent Pereent
14{ 40.45| B.02 X .00 1.08 2 028
X 824 X 20 .04

8.88 . . N
0.18 X .82
9.2 N piia)
3 A
Fiit]

Tegitiont qotal |OTEADIE COp1 | N

Tnches | Percent |[Pereent | Percent Percent |Percent |Percent |Percent
0 -14 080 015 3 4 , X 10,20 | .0.12
.14 . . . 3 7. 46 .
.08 . . . . 4,10
.08 . - 3 X 259
07 . . 3 N 2. 685
06 . . X X 1.37
.05 . . X 1. 56

t Datermined by the combustion method (QOx0.471),
1 GOy of the carbonates.

The analyses of the colloid (table 23) indicates the sssociation of
the sulphur and phosphorus content with the organic matter, ard the
persistence of organic matter throughout the profile is an indication
of the slow development of the claypan. The high content of car-
boneates shown by the soil analyses in horizons B;, By, and C, when
contrasted with the low relative carbonate content of the extracted
colloid, indicates coarse carbonates, as compared with the Nebraske
gilt loam soils. 'The organic and carbonate content being considered,
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. the gross snalyses thén'}se‘lves indicate e very uniform type of colloid -
-and that its concentration in the B horizon has been without serious
. fraetionation, so far as the inorganic part, at least, is concerned.
~'These relations are more clearly presented by the derived data given

in tabie 24. ,

TABLE 24— Derived datu: Phillips sandy loam colloid

Moleeulnr rutic Cot-
blnsd

Bample no. | Horizon :)vfal:tl?;

_ BiQy 5i0: | FesOa soil
Fe:01. ALYO; AlLCy acid ?

Prreent
f. 05

BALI 0 5B R EY
SERRRAR
MM MaEaE
EEXTERSEE

! Carbopates dedueted. .
? Weter of hydration plus water egunivelent of the bases, correpted for orgnnfe matter aod carbunate
content,

The silica-sesquioxide and silica-alumina ratios, wken considered
in the light of the possible presence of secondary quartz and undecom-
. posed minerals, are {airly uniform and average for the profile 3.41 and
4.30, respectively. The silice-iron oxide ratios, taken alone, might
be considered as indicating incipient podzolizetion, but even this
degree of fractionation is not wholly confirmed by the iron oxide-
alumina ratios. One might, by using sufficient imagination, visualize
the process as producing after a sufficiently long interval, s kind
of gray layerin place of the A; and B, layers. If so, the process must
be very slow. Thaesilica-total base ratio indicates considerable leaching
of the upper three horizons. The eombined water of the soil acid
has an sverage value of 9.87 percent, which is essentially the same as
for the Fillmore profile,

THE FARGO PROFILE

The profile of Fargo clay, which is detailed in tables 25, 26, and 27,
was collected in Wilkin County, Minn., acress the Red River from
Wahpeton, N.Dak. If is not a continuous profile. The transitional
zohes between A, and B and between B end O were omitted by the
collectox. The Fargo soils contain a larger soluble-salt content in

- the whole profile than the Phillips soils of Montana. The dominant
soils of the area are, in general, not strictly elaypan soils, but in the
-slight depressions below the geneval level a pronounced dense claypan
appears. The annusl rainfall of the area is 21.5 inches, and in the
- depressions the water available for weathering and profils develop-
ment is in excess of this amount. The scil parent material, being
.- 8 lacustrine deposit, was doubtless much weathered before profile
developmeht began. Also, as the glacial Leke Agassiz disappeared
the s01l material was doubtless impregnated with soluble salts. The
_present condition is thus, perhaps, analagous to the result of long-
continued irrigation. There is no certainty that the parent matferial
was uniform in character; but, since deep lake deposits are usually
uniform in textare, it raay be assumed that they were so in this case,
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TaBLE 25.—Mechanical analyses of Fargo clay 1
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1"Daterminations by B, W, Lakin and T. M. Shaw.

The process of soil formation, if the profile was originally uniform,
has resulted in tremendous differentintion. The sands and silt are
very much higher in the A horizons than in the B and C, and there
is 8 sharp difference between A; and A,. This relation is characteris-
tic of podzol seils. The thick and very dense claypan shows, however,
no tendency toward the production of a true hardpan, or ortstein,
layer, and the clay and colloid content of the B layer are essentially
the same as in the parent matertal. This condition is not normal for
podzol soils. The organic content of the A, horizon is high; that of
the A, is much lower. This is a podzol characteristie. The B horizon

3% also low in organic matter. This is not true of the normal humid

podzols.
. TapLE 268.—Chemicel analyses of Fargo clay soil

Sample no. Horizon | Depth | BiQ; | FeeQp | 41:0: | M0 | Cald | E30

Pereent | Percent |Percest | Percenl | Pereend |Perce
A 08 , 02 2,37 0,22 o.u7 -
A - ‘ 20 8,04 .74 .81
B . 5. a.28| 147 X .72
. - 4,561 13.72 3. 0. 53

Ipnttion Soluble
Horizoo Toss 8O; <0:! aalts

Parts
per
Tnchex | Percend |Pércent |Percent |Percent [ Pereent {Percent | Percenf mitfion
G- 0 0.03 15 1248 .17 | B 014 k3 L 1,080
10 L1 05| 2,28 .06 | pe.T2 OB (3§ L 460
12-20 .10 .07 6.00 W13 | a6l .19 & . 400
J2-4R W13 .12 B.57 178 | 100,08 464 @ X 12, 080

1 0y of the parbonates.
t Determined by bridge mathod.
# Mot determined.

" The chemica! examination of the whole soil (tabla 26) reveals some
importatt facts. The siliea content, allowance being made for the
high ignition loss, is tremendousty higher in the A horizons than in
“the B horizon; whereas, when account is taken of the carbonates and
sulphates in the C hortzon, the silica-contents in the B and C horizons
are of similar magnitude, being 71.2 percent for the B horizon and
71.5 percent for the C. The eluviation of carbonates from the A and
B horizons is essentially completc. The high magnesium eontent of
the B and C horizons may be taken to indicate that the carbonates
gre somewhat dolomitic. The limitation of the leaching of the soil is
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definitely marked. The exceedingly sudden and enormous increase of
soluble salts in the C horizon may be taken to mean that the B hor-
~ izon is essentially impermeable to water and that, therefore, drainage
must be either from the surface of the soil or from the surface of the
B horizon. The soluble salts were examined and shown to consist
almost wholly of calcium and magnesium sulphates, sbout 10,000
parts per million of the dry soil. The chloride content does not exceed
400 parts per million,

TapLE 27.-—Clemical analyses of Fargo eloy colloid

: Collold
Bample no. Eorlzon | Depth ex- Bl | FerDr Mg0O
trocted

Inches |Percent | Percent Percent
0- 6 74| 48.25 . 2.41
A-10 41 | Bl 213
12-20 75| 6dae A 3.82
32-48 61 . . L 3.13

Ti0; | MnD Total

Incher | Percent Pereent
-4 97 0,05 3 N 2 10117
G-10 L% . . . 5 104, 87
12-20 .79 . . . 3 100, 8
109 ... 32-48 .81 . - . 3 100. 3

1 By eombustien methed (Q02x0.471).
1 GO of the carbonates,
1 Not determined.

The chemical analyses of the colloid (table 27) indicate relatively
little colloidal carbonates and lead to the conclusion that the carbon
dioxide of the soil of the B and C horizons is largely residual. This
conclusion is in herinony with the arid soil characteristics of the C
horizon. The derived data in table 28 reveal several important

features of the profile.

TasLE 28.—Derived data: Fargo clay colioid

Malecular ratie

N I
Bample no. Horjzan | Depth S0y 802 | FeOs

FesOr AL10: AlOy | ARO;

0. 630
- 188
208
206

! Carbonates dedected.
' Water ol hydratien plus water enuivalent of the'bases eorrectod for orpanic matter and carbonata content.

The very high silica-sesquioxide ratio of the A, horizon, the still
higher value for the A;, and the correspondingly high silica-alumina
ratios clearly indicate the presence of colloidal free silica. The rela-
tively high iron oxide content of the A, horizon, together with the
high organic matter, when taken into consideration with the low iron
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oxide in the A, horizon, leads to an interesting comclusion, The re-
movel of iron oxide and elumina has not been by transference to the
B horizon but hes been accomplished chiefly by lateral erosion. This
-gonclusion is sugp orted by the iron-alumina ratio which is very slightly
greater in the B horizon than in the A; and is still greater in the C.
%—h.is relation, together with the silica-iron oxide ratie, would indicate
that even the B horizon has been somewhat eluviated, so far as its
iron content is concerned. This conclusion accords also with the fact
that in slight depressions this seil must, during rainy periods, be
swampy and therefore subject to anaerobic fermentation, as shown
by Robinson (27), with consequent reduetion of iron to the ferrous
state and its removal by drainage above and not through the claypan,
Under such circumstances the chalybeate water at the surface would
be exidized and deposited with humus material. This assumed proc-
ess accounis for the relatively high iron content of the A; horizon,
The holdirt% ower of humified matter for ferric iron has been recently
emphasized by Horner, Burk, end Heover?

The immense base-holding capacity of organic matter and the trans-
fer of bases by grass cover are emphasized by the low silica-total base
ratio of the A, horizon. The witfe difference between this value for
the A, and A; horizons is indicative of the intermittently swampy
character of these claypan spots.

The water of hydration and the total combined water of the soil
acid are interesting even if not readily explicable. The low experi-
mental value and the calculated value for the parent material are
both lower than is to be sxpected were the colloid derived from tri-
silicates, as appears to be the case with the A, horizon. There is
nothing abnorinel in the fact that these quantities for the B horizon
are similar to those of the parent material, since the indications are
that but little transfer of material downward has occurred. It must
be noted, however, that in the A, horizon the calculated value of the
combined water of the soil acid includes the water equivalent of the
bases which ure sssociated with the organic matter. 'This introduces
ii cﬁnsidera.ble degree of possible error where the organic inatter is

%n the whole, the profile examination indicates that this scil has
developed on 2 saline clay nearly impervious to weter and that by
eluviation of fine material the present B horizon has been produced
with but little downward transportation of material. It seems clear
that the apparent podzolization of the surface soil has been produced
by lateral erosion aided by anaerobie fermentation and consequent
solution and removal of the iron coraponent of the clay. At the same
time, leaching of calcium and magnesium has oceurred to a marked
degree. Whether there has been any actual removal of colloid as a
wheie by lateral translocation may not be inferred from the dats.
This kind of podzolization would appear to be & common process by
which a light-colored layer (bleichertﬁa) may be produced, and it may
be that the so-called “sandy podzols’ of the areas of low rainfall are
of this character. There is not sufficient information available at
present to decide the question, but it is well worth careful investiga-
tion. It appears certain from this profile and from other fragmentary
and unpu ]];ahed data that there is a definite distinction between a

+HorNeg, O, B, BUEX, D, and HOOVER, 8. B, PREPARATION CF HUMATE OF IRON AND OTHEE JUMATE
METALS, Plant Phyniol @ (If press.)
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._Eroﬁle of the character of this one and the podzols of the cold and
umid areas to which the term is ordinarily applied. Whether & new
term should be used to describe them remains to be seen,

Other than for this variation in leaching, the soil celloid developed
on the Fergo parent material appears to be the same as that developed
on the leess in Nebraska and on glacial drift in Mentans, under the
same general climatic conditions.

THE McLEANSBORO PROFILE

As mentioned in the introduction, & development of eclaypan on
level areas is not confined to regions of low rainfall. Tt seemed
desirable to include in the present study a profile developed under
climatically different conditions but which otherwise is similar to
the claypan soils of Nebraska. A profile from southern Ilinois was
selected. It is developed on level areau, with high rainfell and at a
mean annual temperature much higher than in Nebraska. The
analytical data are presented in tables 29, 30, and 31.

TapLE 29.—Mechanical analyses of MeLeansboro silt loam !
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ilhgnnie matter not present in excess of 0.4 percent.

The mechanical analyses (table 29) indicate that this profile, like
those in Nebraska, consists largely of silt and clay, and that the
hardpan layers sre very definitely developed. The B, horizon is
essentially the same as B,, except that it includes the rounded tops
of the columnar clay with a whitish podzolized very thin crust. The
mechanical texture 18 the same as in B,, except for a slightly increased
silt content. The high clay and colloid content of the parent material
indicates either transfer of colloid into it or formation of colloid in
Elaca. Yet there is material translocation of colloid from the A

orizon to the B horizons, as indicated by an alteration ranging from

less than 30 percent in the A horizons to more than 40 percent in
the B horizons.
The chemical ana.lgaeﬂ of the profile indicate severe leaching through

the whole profile so far as it is examined. This is chown bg the total
absence of carbonates and by the pH values obtained (table 30), as
well as by the soluble-selt content. It is therefore impossible to
sey, from the data, whether the material originally was saline,
although the character of the claypan indicates that condition.
Despite the extensive weathering, the soil still contains undecomposed
feldspars, s is indicated by the contrast between the sodium content
of the soil and of the colloid (table 31). The chief component of
the sands and silt is obviously quartz.
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Tapte 30.—Chemical analyaes of McLeansbore silt loam soil !

Sample no. Depta | Bi0s | Fety cat | X0

Percent Pereent
3.0 B.03 L 1.26

. 2 X . . 1.36
£4.14 . - 144

3 - . 1.35
1.43
177

Tachex
-3
8-13

12-18
16-18
18-26
264

]

REdEsel
ES

BEZNES

Ignitlon N Solubls
losa salts ¥

o
e

Farly
er
Prreent Percent mitlion

0.13 L 10 20 I8 0. 10 3 208
8-12 . .10 . . X . K] <208
12-18 N A7 - . .0g < HB
18-19 . .08 . . N . 05 X < 298
19-28 . .10 28

L . - L )
284 . 10 N - . -02 X 208

1 Determinstions (except pPH and soltuble salts) by J. G, Hough,
t C Q2 of the carbotates.
4 Determined by bridge msthad.

TarLe 31.—Chemical analyses of McLeansboro sill loam colloid

Colloid
Bample no. Eoriton | Depth BiDs | Fesdy | AlOy | MgO | Ca0Q

Inches Pereent Percent {Pereent
-8B 3 B2 .8l 1. 66 0,44
8-12 3 9.18 | 4.8 L0 .2
12-16 3 10. 84 . . .34
16-19 N 11.11 . .43
1828 3 0,48 - .43
6.09 . )

Ignition Organic
Inzs Tatal matter !

Pereent |Percent |Percent
16331 . .. B3 0. 5 ¢.23) 16.21 ; 300.01 6. 60
10832, __. . §-12 . . . . 1253 | 100.02
1033 ... 12-10 . N - N 11.48 | 100. 23
16-18 . . . J17 ] 10.80 ) 101,03
10-20 . . . 10.71 | 10071
10330, _.. 264 . . . . 10.11 | 100.28

1 By combustion method (C 02 R0.471}.
1 O} of the carbonates.

The analyses of the colloids (table 31} are normal for the prairie
colloids. ke high organie matter in the A, horizon is accompanied
by corresponding quantities of phosphorus and sulphur and by slightly
hgher calcium and potassium, as compared with the Agborizon. The
carbonates, which, are negligible in the whole scil, become measurable
in the colloid. This is particularly interesting as indicating that
acid colloids (table 30) contain appreciable quantities of carbonates
(1). The story of the colloid, told by the derived data in table 32, is
substantially the same as that of the Nebraska soils, with the
exception of a few features.
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TavLe 32.—~Derived data: McLeansboro silt loam colloid

Molecuiar ratip

Bample no. BIOy | BiDy

Faals | &R:0; bora

Taches
8

§-12
12-1¢
16-19
10-20

a4

1502 3 11. 58
14.05 . .2 12. 40
il.84 5 . 1211
11,65 . . 10. 58
13.75 & W23 1076
19.16 . L 147 847

PRI
L2322y

1 Carbenates deducted.
L] f?atur of hydration plus weter equivalent of tha bases, corrected for organle matter and carbonata
content,

The silica-sesquioxide and the silica-slumina ratios are those of
prairie and not of chernozem type (8). The silica-iron oxide ratios
mndicate that a much higher degres of podzolization, i.e., fractionation
of the colloid, accompanies the translocation of the colloid downward
than occurs in the chernozems. The same is also indicated by the
ferric oxide-alumina ratios. The deposition of the iron oxide is much
more marked in the upper 7 inches of the B horizon (B; and B,) than
in the second 7 inches (B,). The silica-total base ratios are much
greater than in the chernozem colloids, a feature which corresponds to
the evidence of leaching already mentioned. The lower silica-total base
ratio of the A, horizon and of the C horizon are indications of the high
base-holding power of organic matter and of the decreased leaching
of the C horizen. The water of hydration decreases as the base con.
tent increases and when converted to the water of combination of the
soil acid gives an average water value of 10.76. This numerical value
is a poiné of considerable interest, as will appear in the general dis-
cussion. The whole profile indicates translocation of eolloid as & whole
from the upper to the lower horizons and msakes probable the presence
of & soil acid of definite composition but eseentially different from
that of the chernozems.

HYGROSCOPIC RELATIONS

In & previous publication (7) the writers, Brown and Byers, have
called attention to the hygroscopic character of colloidal fractions
of widely different soil types and particularly to the striking differ-
ences in the ratio of the water vapor absorbed over 3.3 percent
sulphuric acid, 99 percent humidity, and over 30 percent sulphurie
ecid, 75 percent humidity. In the colloids there reported a’ wide
variation of this ratio was noted. For the Amarillo silty clay loam
colloid, & chernozem, the ratio was found to be approximsately 1.9;
for the Marshail silt loam colloid, a prafcie soil, about 2.5; and for
the Davidaon clay loam colloid, s lateritic goil, the ratio rose to as
high as 6.17 for one fraction. It seemed probable, therefore, that if
the colloids of the soils under consideration were as Glosely similar as
their analyses indicate, this water-vapor relation would also indicate
their similarity. The results of this examination ace given in table 33.
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TasLe 33.—Hygroscopic properties of the colloids of the sofl profilss found in igbles 1
to 32, dnclusive
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These date may, at first sight, seem too satisfactory in that they
show the chernozem and solonetz profiles to have & nearly uniform
water-vapor ratio over 3.3 and 30 percent sulphuric acid, with s
mean value for the first seven soils of 2.08 and for the prairte profile
a inesn value of 2.04. This relation may seem to indicate a closer
similarity between the McLeansboro profile and the others than is
warranted by the analytical data. However, in the general discus-
gion which follows there will be given & possible explanation.

The data of table 33 bring out a point of great interest with refer-
ence o the hygroscopic capacity of the colloids. It is to be observed
that the water-vapor absorption of the surface horizons is in every
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case Jower than for the B horizons. This difference is of considerable
magnitude, The average for the B horizons of the eight soils is 32,96
percent, while for the E horizons it is 27.27 percent, a difference of
5.69 percent for the absorption from a nearly saturated atmosphere.
At 75 percent huinidity the mean values for the B horizon ecolloids
i 17.14 percent and for tlis A horizon colloids 12.71 percent, & differ-
ence of 4.43 percent. These differences are too wide and too genersl
t be accidental, despite the fact that the water-vapor absorptions
are known not to be equilibrium values. The only marked differences
between the A and B horizon colloids is, in general, in the organic-
matter content which, in this series of colloids, averages 7.27 percent
for the A horizons and 1.96 percent for the B horizons, & difference of
5.31 percent.

It would apparently seem that the inference is warranted that the
hygroseopicity of the organic matter of these colloids is less than that
of the inorganic part. gI‘lus conclusion is in general accord with the
data on water-vapor absorption of a series of colloids reported by
Gile, Middleton, Robinson, Fry, and Anderson (I8) in which the
water-vapor absorption of the colloid of 15 surface soils over 3.3
percent sulphuric acid shows a mesn value of 0.2825, whersas the
subsoils of the same soils show a mean of 0.3050. These are the same
soils reported by Robinson and Holmes (28) which have s mean
organic content of the surface soil colloids of 6.36 percent, while the
su%soil colloids have an organic content of 3.08 percent. Among
these soils are three in which the surface soil colloid has higher abserp-
tive capacity. These are the Cecil, Stockton, and Wabash soils.
Of these three, the Stockton and Wabash ars reported as having a
lower organic content in the surface soil colloid. On the other hand,
it is not in accord with the conclusions reported by Richter (23),
although a coreful inspection of Richter’s data show that they do
not well support his own deductions from them. It is also to be noted
that Richter worked with soils of low silice-sesquioxide ratio. Ander-
son and Byers (4) have shown that the inorganic colloid of a lateritic
soil of the Cecil series has an extremely low water-vapor absorption
over 30 percent sulphuric acid, and that from a desert soil colloid of the
Fallon series has a high absorptive capacity when the organic matter
hasbeen removed from both. They have also shown that (3) the podzol
colloids, when the organic matter is removed, show lowered absorp-
tive capacity. It is therefore not to be assumed that the water-
vapor-absorption capacity of any inorganic soil colloid ie greater
than its organic associated material, even though this appears to be
the case in the colloids of at least the chernozem amf prairvie soil
groups,

In drawing the general conclusion that the organic colloid is of
relatively low water-vapor absorption in these col%oids, it should be
mentioned that other possible explanations may be found. The sur-
face soils are more subject to alterstions through change of tempera-
ture and are therefors more likely to suffer irreversible dehydration.
This explanation seems most probable, but no evidence is available
at present. Also, no account Eas been taken in the above considern-
tions of the effect of colloidal size on the hygroscopic relations. It
hes been shown by Brown and Byers (7) that in general the fine

- colloid pa-ticles, less than 0,1 g, sre capable of higher moisture absorp-

tion than-those of greater dimension, and it is possible that the finer

(I
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particles of colloid eluviated from the A horizons may be the cause of
the observed results. The question is of importance, and its further
investigation is being pursued.

It is perhaps also worth while to call attention to the abnormally
low value of the water-vapor T:iorption of the colloid of the A,
horizon of Fargo clay. This phenomenon is also exhibited by the
humid podzols reported by Anderson and Byers (3) and may, perhaps,
be considered as the normal behavior of the gray layer (bleicherde).

GENERAL DISCUSSION

In order to bring into as condensed form as poseible the general
information conveyed by the enalytical dats of tables 1 to 33, inclu-
sive, so that this information may serve as & basis for a discussion of
the topics mentioned in the introduction, table 34 has been prepared.
The two points in question are with reference to claypan formation
and the constitution of soil colloids. '

TapLE 34.—Review of data; Collodds
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1 Qarbonetes deducted. . .

1 Water of hydration plus water aqulvalent of bases, corrected for carbonates and organic matter.
4 Water absorbed over 3.3 percent Hy80; divided by water ebsorhed over 30 percent HaSOu

1 Inclndes only B: and By, or equivalent herizend

It would appear that, with the exception of the Fargo soil, the
claypans are all produced by the seme process. The colloid 2s a
whole is translocated from the surface downward by dispersion and
eluviation. The transfer is from & point of lower toward one of
higher pH value. It seems probable that originagllg the perent
mn.terinlp contained calcium carbonste, or caleium silicates. As &
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result of leaching, caleium bicarbonate was formed and transported
downward through the parent material in periods of excess precipita~
tion. During dry periods the bicarbonate would be decomposed and
- precipitated as the carbonate in the stratum of maximum mean
water penetration. The soluble calcium salts just above the carbon-
ate layer would tend to flocculate dispersed colloid, and its accumula-
tion thus tends to decreass the permesability of this layer. Where the
rainfall is sufficiently high, as m the Fillmore and Crete areas, this
layer may become sufficiently dense as to be practically impermeable.
From the description of the soils it would appear that it is immaterial
whether the water reaches the soil by rainiall or by drainage from
higher arens. Where the rainfall is still higher, the layer of calcium
carbonate cannot form, because of nearly constant underdrainage.
The exceeding tightness of the claypan is not sufficient to stop under-
drainsge completely but onl{ to impede it. This would appear to be
the case with the {chea.ns oro profile. Where the rainfall is less,
the concentration of colloid in the B horizon is not so great and the
claypan not so dense or impermeable. This is the case in the Hastings
angp also the Holdrege profiles. Where it is sufficiently low no claypan
. is formed, _

The chief differences between the Phillips profile and the profiles
in Nebraska are apparently due to the differences in the parent mate-

rial which is la,cm]i drift in the Phillips area. The examination of
the water-soluble meterial shows s reasonably large accumulation of
soluble alkali salts beneath the B horizon (table 22 and discussion).
It is reasonable to assume, therefore, that the original material of
which the soil was formed contained sufficient salts to 1precipimtre the

dispersed colloid and to form & nearly impervious layer, under a
smaller rainfall than in the loessial region of the Keith areas. Whether
the prairie claypans developed on glacial drift have had their for-
mation facilitated by the presence of such salts cannot be inferred
from the data here presented. Also, it cannot be definitely ssserted,
because of lack of information, that the nonslick-spot areas adjacent
to the Phillips soils were developed on different parent drift, It
would be of interest to determine this point. It is not necessary to
assume that fractionation of the collords has had any part in” the
development of the claypans, though evidence of such fractionation
is detectable in any case where & Elaypan is formed. Neither is it
necessary to assume that free ferric hydroxide or aluminum hydroxide
have played a phrt in the development, although the presumptive
presence of small amounts of both is to be granted.

The facts presented in table 34, on which, for the most part, the
conclusions just stated are based, are as follows: The silica-sesquiox-
ide ratios of all the soils except the Fargo show essential conaba.n::ly of
composition throughout zach profile, The same is true of their silica-
alumina ratios; their silica-iron ratios; and the water of combination
of the soil acids. The base content of the claypan is uniformly greater
than in the A horizons, 2s indicated by the lower value of the silica-
total base ratios. The lower degree of concentration of colloid in
the B horizon in the Keith soil, which has no hardpan, is significant,
and equally significant of the probable part %ayed by the soluble salts
is the relatively small concentration of collold which produces the
“tight”’ claypan of the Phillips soil. The existence of fractionation
of the colloid is indicated strongly in the McLeansboro profile by the
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“decrease of the silica-ferric oxide ratio and the increasse of the ferric

oxide-alumina ratio in the B horizon as compared with the A horizons.

This slteration is less in the Fillmore profile and still less in the Crete
rofile. It becomes still less definite in the Holdrege, Keith, and
hillips profiles.

As indicated in the discussion of tables 25, 26, 27, and 28, the Far
clay presents a different picture. The colloid is not uniform, and the
goil is not leached below the claypan. It would appear that the origi-
nel clay deposit on which the soil developed is the claypan, and that
tha unqlt]mstioned leaching of the upper part is due to ground water
rather than to the percolation which presumably produces the humid
podzols. 'These conclusions are based in part on the concentrated
data of table 34 and in part on the more detailed data of tables 25,
286, 27, 28, and 33. It can scarcely be conceived that leaching through
the B horizon could produce a soil with smaller ferric oxide-alumina
ratio in the B than in the A horizons. It would also appear from the
variations of the silica-sesquioxide and silica-alumina ratios and the
water of combination of the soil acids that the lacustrine deposit is
itself a relatively highly weathered deposit.

The information concerning the constitution of the colloids, which
is concentrated in table 34, bas a very direct bearing on the views
expressed by Brown and Byers (7) and more fully by Byers (8).
According to this conception of soil formation there are in tge differ-
ent soil colloids, inorganic “acids” of definite composition, 3H;0.
Al,0,.658i0,;, montmorillonitic scid; 3H,0.AL0,.4510,, pyrophyllic
acid; 3H,0.AL,0;.2810,, halloysitic acid; and 3H;0.ALQ,, eluminum
bydroxide. The names are derived from the clay minerals which most
closely approach the soil colloids in composition, Pyrophyllite is
Eartl dehydrated and crystallized, while montmorilionite appears to

e & hydrate (10) and of rather indefinite composition. These acids
are to be regarded ss amphoteric and to bave a definite constitution
which, in the sbsence of synthetic evidence, may be hypothetically
represented for one of them by the following formula:

O=81—-0H

| /O\
HO-81 Al

OH
0
Pyrophyliie acid

The colloids are to be regarded as the salts of these acids, in which
a part of the acid hydrogen is replaced by bases and of the basic
hydroxyl, attached to the alumina, by acid radicels. The inorgsaic
part of the colloid is associated with more or less organie matter, bu
to what degree the inorganic matter is associated chemically with
organic matter is not made evident from any data at present available.
It seems reasonable to assume, howsver, that & part of the bases pres.
ent in a soil colloid are held in combination by humic acid. It should
be clear, from all the considerations involved, that under normal cir-
cumstances pure semples of the compounds in question are not to be
expected to occur in nature.
ot o very close approximation to the hypothetical pyrophyllic
acid is found in the colloid of the first six profiles summarized in table
24 is made evident from the following considerations: The silica-ges-
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quioxide ratio of these six profiles averages 3.53 +0.13. A sample of
pyrophyllite, beautifully crystallized, which was obtained from the
Smithsonian Iustitution end analyzed by R. S. Holmes, has s silica-
sesquioxide ratio of 3.67, while the samples of this mineral reported
by Dena (i0) range between the limits of 3.40 and 3.88,

The iron content of these colloids is essenfially wholly associated
with the alumino-silicate radical, i.e., plays the part of the aluminum
in & complex acid radical, as is indicated by a number of facts. These
soils, when treated with hydrogen peroxide for removal of organie
matter, leave & grayish-white residue with no trace of the red or yellow
color of iron oxide. The silica-iron oxide &nd iron oxide-aluminga
ratios fluctuate in the different parts of the same profile within ex-
ceedingly narrow limits, es compared with most soil colloids of other
great groups. The silice-alumina ratios, therefore, ought to be

reater than 4, es they are, in every case. The silica-total base ratio
indicates thet the acid complex which is presumably a stronger acid
(8) than are the acids ¢f lower silice-sesquioxide ratio (8) holds the
bases strongly. How much of this indicated high base content is fo
be ascribed to the sirength of the acid and how much to limited leach-
ing, under low rainfall, cannot be determined.

The most striking evidence of & definite soil acid is furnished by the
water of combination of the soil acids given in table 34. The quantity
in question, it may be repeated, is caleculated by subtraction of the
carbon dioxide and organic content from the ignition loss, adding to
this value the water equivalent of the bases present and then correcting
this value for the organic matter and carbonates present. This opera-
tion leaves & number of inaccuracies and uncertpinties. The bases
presen} weigh more then the water they are assumed to replace, A
part of the manganese is also in manganous form and therefore ré-
places hydrogen, but how much of it is so held is not defermined.
The phosphorus pentoxide and sulphur trioxide, so far as they are a
part of the inorganic complex, also replace water in the acid complex
which is amphoteric. It is certain, bhowever, that a part of each of
these is associated with the organic part of the colloid.

These uncertainties are quantitatively relatively unimportant.
There are, however, two other sources of inaccuracy which cannot be
80 dismissed. The assumption is enerally made that all water given
off from a soil colloid below 105° (_% is not chemically associated with
it. This may be true of colloids of the general type of aluminum
bydroxide, but it cannot be assumed in the case of substituted silicic
acid, such as are assumed to exist in these colloids. How large the
error introduced by making this assumption may not be estimated.
The laboratory of the Division of Soil Chemistry and Physies, Burenu
of Chemistry and Soils, is at present engaged on this point, but the
data are not yet available.

Anether known source of error is the uncertainty in the determina-
tion of the organic matter, which has been reviewed by Alexander
and Byers (I).  This error is likely to be com ensatory for the others,
since the orgenic matier, as caleulated from gljle factor 0.471x CO,, is
probably too low, thus making the apparent water content as reported
somewhat too high. All the other undetermined or neglected correc-
tions would tend to increase the combined water values. When
these items are considered, the fact that the mean velue of the water
of combination of the six profiles is 10.45 + 0.86 shows that the con-
stancy is too great to be considered accidental, Pyrophyllic acid,
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' H,AlSi,0;, should have a water content, if pure, of 13.6 percent.
"The trend of the evidence is that this acid, if it exists in these soils,
does s0 as an acid salt of the general type, MH(AlSi;07),. . This gen-
eral felation is supported by the fact that the water equivalent of the

.~ 4 .bases is on the average 2.28 and therefore & ratio with the 13.6 percent

of 6.0. H then, the acid is pyrophyllic acid, approximately 1 out of 6
hydrogen ions are neutralized. It is scarcely to be expected that an
acid salt of this type can be heated to 105° C. and not lose a part of
its water. ‘The behavior to be expected should be analagous to that
of silicic neid itself. The general conclusion is therefore that a definite
acid of the pyrophyllic type exists in the six profiles just considered.
- This statement may salso be considered as being spplicable to the
colloids of the Barnes silt loam profile, reported by Denison (12), the
Colby silty 2.1:1']{ luam reported by Middleton, Slater, and Byers (20),
and the Amarillo silty clay loam reported by Anderson and Byers (3}, -
gll of which are chernozem soils.

The relation of this colloid of essentialiy constant composition to
climatic and other conditions requires some consideration in view of a
recently published paper by Reifenberg (22). This author ettempts to
show that there is a direct relation between the silice-sesquioxide ratio
and rainfall. He uses analyses of American soil colloids as the basis of
his argument and cites the apparently conflicting evidence of Robinson

_and Bolmes snd of Crowther on the one hand and of Jenny and of
PBaver and Searseth on the other. In view of the fact that the same
colloid develops with 2 range in rainfall from 13 to 32 inches, it can
scarcely be established that rainiall is the sole determining influence.
Tndeed, such could scarcely be true, even though colloid formation is
essentially a hydrolysis. Temperature changes affect hydrolysis
both as to rate and to the changes produced on the resulting hydrolytic
products. It seems apparently clear also that the parent material
plays & part in the process, and the resultant effect of all these on the
vegetative cover is to be taken into account. It seems a useless ex-
penditure of effort to attempt to rssign to any one of these a primary
role. It is probably the case that the relative importance of these
fundament&}) factors in soil formation is.variable under different
conditions. :

The Fargo soil colloid {table 34) presents a somewhat different caso,
Tt would seem to have & composition which indicates an intermediate
condition between the montmorillonitic type of colloid and the
pyrophyllic type. This is not believed to be the case, despite the high

ilica ratios of the A horizon. It seems more probable that the true
charactsr of the colloid is represented by the silica-sesquoxide ratio of
the B horizon, and that, as previously mentioned, the A horizons,
especially the A, horizon, are affected by secondary silica of colloidal
dimension. Of greater interest is the water content of the seil acid,
and the evidence, previously mentioned, of the pseudopodzolic
character of the profile. The data at hand allow only the conclusion
that the ground water podzols of the semiarid region of the Northwest
deserve & much more intensive investigation,

The McLeanshoro profile is typically that of the prairie soils. The
colloidal acid has characteristics of en intermediate stage between
that of the pyrophyilic structure and the halloysitic. The debasin
effect of the high rainfall is apparent. The water content of the so
acid is slightly higher than for the chernozems but still much below
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“that of halloysitic acid. The results are in harmouy with thoss for
' -ﬁairie-_: soils presented by Middleton; Slater, and Byars (20) —the
arshall soil from Tows, the Shelby from Missouri, and the Palouse
‘The absorption ratios given in the last column of table 84 require
- some special consideration. As already mentioned, Brown and
 Byers (7}, in their study of the fractionation of soil colloids, have
called attention to the wide variation in the water-vapor absorption of
colloids of different types and different colloidai dimension. T ey also
pointed out that surface alone is not an adequate explanation of the
.variations observed. In the series of eolloids under present considers-
tion, there is also found in colloids of presumably like size » rather
wide variation in the water-vapor absorption; a renge between the
- limits of 19.58 and 85.93 percent for 99 Eere.ent humidity and between
8.56 and 18.17 percent for 75 percent humidity., There is, howevaer,
no such range between the ratios observed .as given in table 34, It
has been pomted out that & partisl explanation may exist in the be-
havior of oxganic matter, but that this alone does not account for the
phenomena. It would again seem that this ratio is associated with
the chemical composition of the colloid. Since, then, the general
character of these colloids is the same, there should be a similar ratio,
It is possible that the pyrophyllic colloid, when exposed to water
vapor, absorbs water to form a fully hydrated acid and holds this
water at 75 pereent humidity more tenaciously than do colloids domi-
nantly halloysitic or leteritic. This possibility is intriguing and calls
for special study,

Some unfinished investigations, at present being carried on, lend
eome support to the view expressed. At present, they do not furnish
proof. There are also, particularly in the work of Anderson and
Mattson (§) and of Anderson (2), data which show & marked influence
of the presence of bases in the colloids on the water-vapor absorption
at 75 percent humidity. In whut degree these differences affect the
absorption ratio is not apparent.

SUMMARY

There are presented detailed mechanical and chemical analyses of
complete profiles of eight soils, together with the analyses of their
colloids. Included with these anslyses are determinations of the sol-
uble salts and hydrogen-ion concentrations of each horizon and the
water-vapor absorption of the colloids over 3.3 and 30 percent sul-
phurie acid. The analyses are ipreceded by a careful deseription of
each profils and a description of the areas in which the soils oceur,
together with data on climatic and vegetative conditions.

m the analytical data are calculated the usual ratios of the silica
to sesquioxide, iron oxide, alumina, and total bases ; also the ferric
oxide-slumina ratios. The data are also made the basis of calculation
of what is called the total combined water of the soil acid; that is, the
combined water of the soil colloid plus the water equivalent of the
bages present. _

The data show that the six chernozem soils - ontain a colloid which,
though developed under a rainfall ranging f.. u 18 to 32 inches, is
essentially the sdme material. It varies in calcium earbonate, organic~
mmatter, and base content, but it has a mesn value of the silica-sesqui-
oxide ratio of 3.53. The analyses of Fargo clay show it to be a
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: ';j)seudopodzol, the gray leyer of which may be considered as being

T produced by chemieel action rether than colloidal translocation down-

.. ward, The McLeansboro Rroﬁle is chemically & Eﬁpical prairie soil.

. _An explanetion is offered for the existence of the claypans and for
‘their sbsence when not found.
- _ A general discussion of the chemical and physicel properties of the
+ “colloids is made the basis for the conclusion that the dominant material
in the colloid is an acid salt of the hypothetical pyrophyllic acid,
H,AIS1,0,. This salt is considered to have the general formuls

' MHy(AlSi,0y), in which the bases are chiefly magnesium, caleium,

Ppotassium, and sodinn:.

"The examinsation of the moisture relations leads to the apparently
unerthodox and improbable conclusion that the water-vapor absorp-
tion of the organic colloid of these chernozems, at lesst, is less than
for the correspondiug inorganie colloid, although other possible expla-
nsations are pointed out. Which of these, or some other explanation,
is correct must be decided on in the lght of future evidence. These
date also lead to the tentative conclusion that chemical relations play
an important pert in determining the quantity of hygroscopic weter
which may be absorbed by soil co%loids. _
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